Physicochem. Probl. Miner. Process., 58(2), 2022, 144375 ‘ Physicochemical Problems of Mineral Processing

. ISSN 1643-1049
http:/ /www journalssystem.com/ppmp ‘

© Wroclaw University of Science and Technology

Structure of aluminosilicate-supported nickel and iron oxides
nanocomposites in gaseous and aqueous media

Olena Goncharuk 123, Alla Dyachenko 4, Ewa Skwarek 5, Olena Ischenko 4, Lyudmila
Andriyko 16, Mykola Borysenko 1, Iryna Sulym 1, Dariusz Sternik 5, Klaudia Kowalska 5,
Andrii Marynin ¢

1 Chuiko Institute of Surface Chemistry, NASU, 17 General Naumov str., 03164 Kyiv, Ukraine

2 Ovcharenko Institute of Biocolloidal Chemistry, NASU, 42 Vernadskii av., 03142 Kyiv, Ukraine

3 National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», 37 Peremohy av., 03056 Kyiv,
Ukraine

4 Taras Shevchenko National University of Kyiv, 64/13 Volodymyrs'ka str., 01033 Kyiv, Ukraine

5 Chemistry Department, Maria Curie-Sklodowska University, M. Curie-Sklodowska sq. 3, 20031 Lublin, Poland

6 National University of Food Technology, 68 Volodymyrs'ka str., 01033 Kyiv, Ukraine

Corresponding author: iscgoncharuk@meta.ua (Olena Goncharuk)

Abstract: A series of mixed oxides was synthesized by deposition of a guest phase on a highly dispersed
oxide matrix. Fumed nanooxides SiO,, ALQOs, SiO2/AlOs, and SiO,/AlO3/TiO. with the specific
surface area of 65-91 m2/g were selected as highly dispersed matrices. NiO/FeOy was deposited as a
guest oxide using solvate-stimulated modification of a surface of fumed nanocarriers with nickel nitrate
and iron(lll) formate and subsequent heat treatment up to 600 °C to form NiO/Fe,Oy. The aim of this
work was to study the influence of the composition and structure of fumed oxide matrices and
deposited guest phase on the behavior of the composites in gaseous and aqueous media using XRD,
nitrogen adsorption and SEM/EDX, and quasi-elastic light scattering (QELS) methods. The low-
temperature nitrogen adsorption isotherms have a sigmoid shape with a narrow hysteresis loop
characteristic of mesoporous materials. The specific surface area of composites varies from 65 to 120
m?2/g. SEM data show denser aggregate structure of nanocomposites compared to the initial carriers.
The primary particle size was in the 30-60 nm range. According to QELS data, there is a tendency to
form aggregates of 100 nm - 10 pm in size in the aqueous media. The XRD method shows that the
deposited metal oxides are in the form of crystalline phases of NiO with crystallites of 7-23 nm in size,
but the iron oxide reflexes were not identified for NiO-containing composites.
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1. Introduction

In recent decades, the progress in nanotechnologies makes it possible to obtain a wide variety of
nanomaterials that have adsorption, catalytic, electronic and magnetic properties that differ
significantly from the properties of the corresponding bulk materials (Schmidt et al., 2014; Bhagyaraj et
al., 2018). Particular interest has the methods for the preparation of nanosized mixed oxides of transition
metals, which demonstrate catalytic properties in various processes due to the presence of Bronsted and
Lewis active centres of different strengths on their surface. High dispersity of these oxides and the
presence of various active surface sites are of importance for their application as sorbents (Al-Nakib
Chowdhury et al.,, 2010; Wisniewska et al., 2016), heterocatalysts with adjustable set and activity of
surface acid/base sites (Arandiyan and Parvari, 2009; Gun’ko et al., 2012; Miao et al., 2018; Tanaka et
al., 1996), fillers of polymers (Galaburda et al., 2014; Klonos, Pissis et al., 2016; Klonos, Kulyk et al., 2016),
etc. In particular, nickel-based mixed oxides are widely used in catalytic processes such as thermal
decomposition of organic compounds (Safdari et al., 2020; J. Li, et al., 2008; W. Wei et al., 2020; Y. Wang
et al., 2015) or adsorbents (Ravindhranath et al., 2017; Mashkuri et al., 2017, Mahmoud et al., 2015).
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Besides the use of similar materials in the oxide form (for the catalysis), they can be also used as
precursors of mixed metal catalysts prepared by reduction in the hydrogen atmosphere. Particular
interest has doping of Ni oxide with Fe to enhance the catalytic properties with respect to CO»
methanation (Dias et al., 2021; Gao et al., 2021, Andersson et al., 2006; Meshkini Far et al., 2018) that
could be considered as a promising candidate to substitute the noble-metal catalysts. These
compositions could have a higher activity than individual constituents in methanation and they could
be utilized to obtain superparamagnetic materials (Rutirawut et al., 2015; Zhang et al., 2018; Irfan et al.,
2021).

Most of the methods used to prepare nanoparticles of metal oxides, such as coprecipitation (Deng et
al., 2004; Pulimi et al., 2009; Teoh et al., 2012), laser vaporization controlled condensation (Radwan et
al., 2007), microemulsions (Han et al., 2009; Han et al., 2004; Palanisamy et al., 2009), sol-gel method
(Surcaetal., 1996; Wu et al., 2007; Thota et al., 2007), ultrasonic treatment (Lysov et al., 2010), microwave
irradiation (Lai et al., 2007), hydrothermal synthesis (Beach et al., 2009; Beach et al., 2008), and low
pressure spray pyrolysis (Wang et al., 2004; Lenggoroa et al., 2003), are still limited to laboratory scale
due to difficult production conditions or the needs of expensive equipment and reagents. Therefore, a
method to produce high quality nanoparticles with high with the ability to industrial production of
large amounts and low cost is of importance from a practical point of view.

An effective way to control the morphology and other characteristics of nanoparticles could be based
on the synthesis of guest phases at a surface of nanocarriers with a high specific surface area (Ebert et
al., 2018; Sulym, Sternik et al., 2016; Bogatyrev et al., 2009; Sulym, Goncharuk et al., 2016; Sulym et al.,
2015; Goncharuk et al.,, 2019). One of the effective ways to enhance the adsorption properties of
nanosized oxides is to synthesize mixed oxides of different metals and metalloids that allows one to
generate a number of surface Lewis and Bronsted active sites of various strength determining the
adsorption activity with respect to different adsorbates. Highly dispersed supports are especially
promising to prepare heterogeneous catalysts, whose efficiency depends on the specific surface area
and concentration and strength of active surface sites.

Usually, for the synthesis, highly dispersed oxides such as silica and alumina are used as
nanocarriers (Iler, 1979; Trueba et al., 2005). Fumed silica is one of the most widely used carriers with a
large specific surface area, high thermal stability and chemical resistance (Iler, 1979). Fumed alumina is
widely used as a catalyst carrier (Trueba et al., 2005; Pines et al., 1960). The use of mixed aluminosilicas
as a substrate has not been adequately studied. As a whole, the morphology and structure of the
supports have significant effects on the formation of a deposited phase (Sato et al., 2013; Takei et al.,
2011). The surface active sites of the carriers can act as nuclei for the formation of a deposited oxide
phase, and their nature and concentration affect the structure of the whole nanocomposite.

Within this work, the effects of the structure of such highly disperse substrates as fumed silica,
alumina, silica/alumina, and alumina/silica/titania on the formation of the oxide phase of the mixed
NiO/Fe.Oy oxide, which has great potential in the catalytic process of carbon oxides methanation, as
well as the morphology of the composite as a whole.

2. Materials and methods
2.1. Materials

Fumed oxides SiO; (A-60), AlOs, SiO2/ALOs; (SA96), and AlLO3/SiO,/TiO, (AST1) (Pilot plant of
Chuiko Institute of Surface Chemistry, Kalush, Ukraine) with similar values of the specific surface area
(Seer) of 65-91 m2/g (Table 1).

Fumed oxides are composed of spherical-like nonporous nanoparticles (NPNP), whose diameter can
be estimated as d = 6/(poSser), Where po is the true density of NPNP. Nickel nitrate hexahydrate
(Ni(NO3)2:6H,O, 298.5 %) and Iron (III) formate (Fe(CHO:)3-2H.O, 98 %) were purchased from
KhimlaborReactive Ltd. (Brovary, Ukraine) and used as precursors to synthesize the oxide composites.

2.1.1. Synthesis of NiO/Fe,Oy -containing composites

Composites with NiO/FeOy/fumed oxide (Table 2) were prepared using a method of solvate-
stimulated modification of the fumed oxides with Ni nitrate/Fe formate and subjected to thermal
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Table 1. Textural characteristics of ALOs3, A60, SA96, and AST1 supported Ni/Fe oxides

Sample SeET, Smictor  Smesor  Smacroy  Vmicro,  Vimesor  Vimacros Vp, Rp,v

m?/g m?/g m2/g m?2/g cmd/g cmd/g cmd/g cmd/g nm

SiO, 80 32 45 3 0.014 0.13 0.07 0.21 23.9
NiO/FeOy/SiO: 76 20 48 8 0.010 0.28 0.14 0.44 22.8
AlLO3 72 21 50 1 0.010 0.11 0.05 0.17 20.6
NiO/FeOy/ALO3 68 15 50 3 0.007 0.26 0.05 0.32 16.8
SA96 65 21 42 3 0.009 0.10 0.05 0.15 21.7
NiO/FeOy/SA9% 62 16 46 0.4 0.009 0.38 0.01 0.39 13.4
AST1 91 26 62 4 0.010 0.14 0.08 0.27 22.5
NiO/FeOy/AST1 119 24 91 4 0.012 0.29 0.09 0.39 16.7

Note: Specific surface area in total (Sper), of nanopores (Snano), MESOPOres (Smeso), MACTOPOreS (Smacro) and pore volumes
(Vp, Vnanos Vimesor Vimacro) at pore radius R <1 nm, 1 nm <R <25 nm, and R > 25 nm, respectively. R, v represents the average

pore radius.

treatments at 600 °C. The pre-modification of a fumed nanooxide carrier with concentrated solutions of
salts of the corresponding metals was performed in 8 cm? ceramic ball-mill (ball size 2-3 cm, speed of60
rpm) for 1.5 h. The mill was charged with 20 g of fumed oxide carrier and 10 ml of the aqueous solution
of Ni nitrate (34.8 mmol) and Fe formate (9.4 mmol) weighted to obtain certain content in the deposits
in the resulting composite. After achieving homogeneity, according to microscopic examination, the
resulting mixture was air-dried for 24 h. The dried powder was calcined at 600 °C for 1 h. A feature of
the solvate-stimulated modification method is the homogeneous distribution of the solvated salt over
the carrier surface. This is required to form nanosized crystallites of the deposited oxide phase by the
salt thermolysis upon the calcination at 600 °C.

Table 2. Composition of NiO/FeOy/fumed oxide nanocomposites

Sample Composition of the fumed mye in mixed Calculated ratio of Ni and
oxide carrier, %wt. NiO/FeOy/ carrier, g per ~ Fe (mmol per 1 g of fumed
1 g of fumed oxide oxide carrier)
SiO, AlOs TiO, Ni Fe Ni Fe
NiO/Fe Oy/AlO; - 100 - 0.102 0.026 1.74 0.47
NiO/Fe Oy /SiO2 100 - - 0.102 0.026 1.74 0.47
NiO/FeOy/AST1 10 89 1 0.102 0.026 1.74 0.47
NiO/FeOy/SA% 4 96 - 0.102 0.026 1.74 0.47

2.2. Methods
2.2.1. Textural characterization

To analyze the textural characteristics of NiO/Fe.Oy/fumed oxide nanocomposites, low-temperature
(77 .4 K) nitrogen adsorption-desorption isotherms were recorded using a Micromeritics ASAP 2405N
adsorption analyzer. The samples were degassed at 110 °C for 2 h in a vacuum chamber. The values of
the specific surface area (SSA, Sper) were calculated according to the standard BET method (Gregg and
Sing, 1982). The total pore volume V, was evaluated by converting the volume of adsorbed nitrogen at
p/po = 0.98 - 0.99 (p and po denote the equilibrium and saturation pressures of nitrogen at 77.4 K,
respectively) to the volume of liquid nitrogen per gram of adsorbent. The nitrogen desorption data were
used to compute the pore size distributions (PSDs, differential fy ~dV,/dR and fs ~ dS/dR) using a self-
consistent regularization (SCR) procedure under non-negativity condition (fv > 0 at any pore radius R)
at a fixed regularization parameter o = 0.01 with voids (V) between spherical nonporous nanoparticles



4 Physicochem. Probl. Miner. Process., 58(2), 2022, 144375

packed in random aggregates (V/SCR model) (Gun’ko, 2014). The differential PSDs with respect to pore
volume fy ~ dV/dR, [fvdR ~ V, were re-calculated to incremental PSD (IPSD) at ®v(R)) = (fv(Ri+1)
+(R))(Ri+1 —R)) /2 at ZDvy(R;) = Vp. The fv and fs functions were also used to calculate contributions of
nanopores (Vaano and Snano at 0.35 nm < R <1 nm), mesopores (Vimeso and Smeso at 1 nm < R < 25 nm), and
macropores (Vmacro and Smacro at 25 nm < R <100 nm).

2.2.2. Scanning electron microscopy (SEM)

The surface morphology of composites was analyzed using field emission Scanning Electron
Microscopy employing a QuantaTM 3D FEG (FEI, USA) apparatus operating at the voltage of 30 kV.

2.2.3. Particle size distribution in aqueous medium

Particle size distributions (PaSD) of nanocomposites in the aqueous medium were studied with a
Zetasizer Nano ZS (Malvern Instruments) apparatus using a universal dip cell ZEN1002 (Malvern
Instruments) and a wavelength A = 633 nm and a scattering angle of 13 and 1760 at 298 K. The particle
size determination accuracy and repeatability are £1-2%. Refractive index and absorption were 1.59 and
0.01, correspondingly. The samples for the PaSD measurement were prepared as follows: 0.1 wt.%
suspension of a composite in distilled water was sonicated for 3 min at 22 kHz using an ultrasonic
disperser UZDN-A (500 W). The suspensions were equilibrated for 24 h, and the PaSD were measured.
The information obtained from the experiment on quasi-elastic light scattering is the distribution of light
scattering intensity (PaDSI) from objects by diffuse broadening. However, it is not the intensity
distribution itself that is of interest, but the associated particle size distribution related to number
(PaDSn), or molecular weight distribution (PaDSwm), or related volume (PaDSy). A collation of this
information allows us to comprehensively describe the structure of nanocomposite suspensions. The
transition from (PaDSI) to these familiar characteristics of a polydisperse system requires the
involvement of model ideas about the structure of the diffusers. To carry out the measurements and
process the results obtained, the computer program of the Malvern Instruments Company was used,
which assumes that the particles are spherical.

2.2.4. X-ray powder diffraction

XRD patterns were recorded at room temperature using a DRON-3M diffractometer (Burevestnik, St.-
Petersburg, Russia) with CuK, (A = 0.15418 nm) radiation and a Ni filter in the 20 range from 5° to 90°.
The average sizes of nanocrystallites (Do) were estimated according to the Scherrer equation
(Jenkins and Snyder 1996). Crystalline structure of samples was analyzed using the JCPDS Database
(International Center for Diffraction Data, PA, 2001).

3. Results and discussion
3.1. Textural characterization

The shape of the nitrogen adsorption-desorption isotherms (Fig. 1) can be attributed to type II with
hysteresis loop H3 of the IUPAC classification (Sing et al., 2001; Thommes et al., 2001) indicating the
textural porosity of aggregates of nonporous nanoparticles. The presence of such form of hysteresis loop
indicates dominant contribution of mesopores, that filled by nitrogen during the measurements. The
textural characteristics of oxide nanocomposites calculated from the nitrogen adsorption isotherms are
given in Table 1.

The BET surface area and pore volume of composites (Table 1) depend on the values of spesific
surface area (SSA) of the fumed oxide carriers. In general, after modification of fumed oxides with mixed
oxide of nickel and iron, the SSA value of the composite changes insignificantly. There is a tendency to
a slight decrease in the Sper values of composites that is observed for almost all carriers, with exception
for AST1, for which a slight increase in the SSA value was observed. The total pore volume and volume
of mesopores are typically greater for the composites than for the initial fumed oxides due to
compaction of the powders under the synthesis. The compaction results in a decrease in the empty
volume (Vem =1/pb - 1/ po, where pp and po denote the bulk and true densities of the powder materials)
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in the powders since the bulk density increases. However, the volume of mesopores can be increased
due to closer location of nonporous nanoparticles in their aggregates and agglomerates of aggregates
(Gun'ko et al, 2016). All synthesized composites demonstrate pore size distributions with a

predominant contribution from mesopores (Table 1, Fig. 2).
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Fig. 1. Nitrogen adsorption-desorption isotherms for initial fumed oxides and nanocomposites

The pore size distribution functions (Fig. 2) confirm the conclusion based on the isotherm shapes
(Fig. 1) that the composites are mainly mesoporous, since contributions of micropores and macropores
are small (Table 1). The first peak is due to really small contribution of nanopores at R <1 nm. However,
the second one is due to ineffective adsorption of nitrogen in macropores because the interactions of
nitrogen molecules with large distant NPNP are very weak. Therefore, being nitrogen molecules in
bound fluid is not predominant in broad macropores. The first peak of the PSD (Fig. 2) corresponds to
narrow voids between nanoparticles closely located in the same aggregates. Broader voids can be
present between distant NPNP in the same aggregate or neighboring aggregates.

The contribution of macropores increases (Fig. 2) for samples NiO/Fe,Oy/SiO; and remains almost
unchanged for while NiO/Fe,Oy/ALO; and NiO/FeOy/AST1, and decreases for NiO/FeOy;/SA%
due to the filling of interparticle voids in SA96 aggregates with NiO/Fe,Oy nanoparticles. The total pore
volume V, and the volume of mesopores increases for all composites compared to the initial fumed
oxides (Table 1). As a result, the changes in pore volume depend on the type of support, features of the
formation of the second phase, decrease in the void volume in the aggregates of nanoparticles, and the
difference in the true density of the deposited oxide particles and fumed oxide carriers that is minimal
for silica.

3.2. Scanning electron microscopy

SEM images of NiO/FeOy/fumed oxide nanocomposites (Figs. 3 and 4) show the formation of
NiO/FexOy particles at a nanocarriers surface. The aggregated structures of grafted oxides of 20 to 30
nm in size were well observed for NiO/Fe,Oy/SiO; and 10-15 nm in size for NiO/Fe,Oy,/ALO; (Fig. 3)
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Fig. 2. Incremental pore size distributions for initial fumed oxides and nanocomposites

and NiO/Fe,Oy/SA9 and NiO/FeO,;/AST1 (Fig. 4). As a whole, the composites look like more
compacted than the initial fumed nanocarriers (Figs. 3 and 4).

According to SEM/EDX data, it can be seen that in the case of mixed fumed oxides as carriers, the
surface content of aluminum is significantly reduced. This indicates that the synthesis of the deposited
oxide phase occurs mainly in areas corresponding to ALOs patches or having a solid solution structure
with bridge-type Al-O-5i or Al-O-Ti centers, which is especially noticeable for AST1 with a decrease in
the Al surface concentration up to 39%. The Ni and Fe surface concentrations insignificantly depend on
the carrier nature and it varies for Ni from 12.4-12.7 over individual carriers (A:Os; and SiO») and 13.2-
13.5 over mixed carriers (SA96 and AST1) and 3.6-4.1 for Fe. The average Ni/Fe wt.% ratio calculated
from the SEM/EDX data for all nanocomposites (Table 3) is very close to the given values upon the
synthesis (Ni: Fe =4:1).

Table 3. SEM/EDX data

Si Al Ti O Ni Fe
wt.% wt.% wt.% wt.% wt.% wt.%
SiO, 36.9 - - 63.1 - -
NiO/FeOy/SiO: 33.1 - - 51.1 12.4 3.9
AlLOs - 50.8 - 49.2 - -
NiO/FeOy/ALO3 - 37.5 - 46.3 12.7 3.6
SA96 0.06 48.1 - 51.9 - -
NiO/FeOy/SA9% 0.69 35.4 - 46.7 13.5 3.8
AST1 5.3 41.8 1.3 51.6 - -
NiO/FeOy/AST1 10.7 25.6 0.7 453 13.2 41
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500 nm

Fig. 3. SEM images of initial nanocarriers SiOz (a), Al2O; (c), and NiO/Fe,Oy/SiO: (b), NiO/FeOy/AlOs (d)
nanocomposites

Fig. 4. SEM images of initial nanocarriers SA9 (a), AST1 (c) and NiO/FeOy/SA96 (b) and NiO/FeOy/AST1 (d)
nanocomposites
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3.3. X-ray powder diffraction analysis

XRD patterns of NiO/Fe,Oy/fumed oxide nanocomposites (Fig. 5) show the presence of nickel oxide
crystallites for all samples. Diffraction peaks at 20 = 37.35, 43.4, 63.1, and 75.55° can be assigned to the
(111), (200), (220) and (311) planes of NiO (Andreas et al., 2001). The crystallite sizes of NiO particles
calculated the line at 43.4° using Scherrer equation (Jenkins and Snyder 1996) are listed in Table 4.

The crystalline peak of iron oxide was identified only for the NiO/FeOy/SiO, composite on the
background of the amorphous SiO. matrix. In the case of composites based on carriers with crystalline
phases (AlOs, SA96, and AST1), diffraction lines of iron oxide are weak and implemented into a
common pattern of nanocomposites. It is obvious that iron oxide is formed on the surface of the carriers

in the form of a nanosized phase.
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Fig. 5. XRD patterns of NiO/FeOy/fumed oxides nanocomposites

Table 4. The size of NiO crystallites formed on the surface of nanocomposites

Sample 20, deg. D, nm
NiO/FeOy/SiO; 43.4 23
NiO/Fe Oy /AlO; 43.4 14
NiO/FeOy/SA9% 43.4 18
NiO/FeOy/AST1 43.4 7

3.4. Particle size distribution in aqueous medium

The quasi-elastic light scattering (QELS) method allows determining the particle size distribution
(PaSD) in the aqueous medium. The results of measurements for the synthesized samples of mixed
oxides are presented in the form of the dependence of the particle size distribution for their number
PaSDy and volume PaSDy (Fig. 6). The modification of silica with Ni and Fe oxides leads to an increase
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in the particle sizes due to the formation of the second oxide phase and enhanced aggregation during
the synthesis. The degree of aggregation/agglomeration depends on the characteristics of nanoparticles
and their interactions in the dispersion media. The initial fumed oxides (SiO., AlOs, SA96) are
characterized by nearly monomodal PaSD related to the particle numbers with a maximum at 100-110
nm (Fig. 6, curve 1), with exception of AST1 having more complicate particulate morphology.

The PaSDn of the composites are mono- or bimodal (Fig. 6) and three peaks are observed for PaSDy
(Fig. 6): aggregates ~90 and ~430 nm (5iO») and large agglomerates > 5.5 pm are presence in aqueous
dispersion of composites after ultrasonic treatment. It should be noted that although for the composites
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Fig. 6. PaSD related to number (a, ¢, e, and g) and volume (b, d, f,and h) for initial fumed nanocarriers and
nanocomposites with NiO/Fe,Oy after sonication (6 min) of the aqueous dispersions (C = 0.1 wt.%)
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PaSDy shows a maximum at 85-103 nm for SiO; and SA96 carrier, i.e., the number of small secondary
particles of ~100 nm is more than the number of large aggregates (>1ppm). However, according to PaSDy,
the volume of aggregates > 1 pm for these composites is much higher than that for initial nanocarriers.
The PaSD for Ni- and Fe-containing composites supported on ALOs and AST1 are characterized by the
presence of aggregates and agglomerates of larger sizes (~ 1.1-1.3 and 5.5 pm). The aggregates less than
1 pm in size are not observed in the dispersion. This indicates stronger bonds of the deposited guest
oxide with the support.

4. Conclusions

Novel NixOy/Fe Oy /fumed oxide nanocomposites were synthesized by thermooxidation of metal salts
adsorbed onto the individual and complex fumed nanooxides. The effects of the support structure were
analyzed with respect to the formation of the deposited phases. The phase composition and average
sizes of crystallites determined from the XRD data show that NiO phase in NiO/FeOy/fumed oxide
nanocomposites includes crystallites of 7-23 nm in diameter while the iron oxide reflexes are not
practically identified. According to XRD and SEM/EDX data, the use of ternary oxide Al;O3/SiO2/TiO»
as a carrier leads to the formation of the smallest crystallites of NiO/Fe,Oy (7 nm) due to a large number
of active surface sites served as centers of the new deposited phase crystallization. The specific surface
area of the composites changes insignificantly when the phase NiO/Fe.Oy was deposited on the
support. The incremental pore size distribution functions show predominantly the mesoporosity of
nanocomposites, the volume of mesopores increases significantly in comparison to the initial fumed
oxides. According to QELS data for aqueous dispersions of the synthesized nanocomposites, small
aggregates with several nanoparticles of 100 nm in size, large aggregates up to ~1 pm, and agglomerates
up to 5.5 pm are observed. There is a general tendency in increasing sizes of aggregates due to the
modification of nanocarriers with the deposited NiO/Fe,Oy.
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