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This paper highlights the relationship between changes in structural and morphological features, electronic

structure and expanding of time mechanical treatment at microbraker (MBT). Scanning electron microscopy
revealed a change in the morphological features of nanoscale powders. From the comparison of SEM images of
0.8Si02/0.2A1203 mixture before and after MBT, it is established that due to MBT, the agglomerates of the initial
components are simultaneously crushed with perfect mixing particles of oxides between each other and the
formation of new agglomerates with a denser structure. The increase in processing time leads to an increase in the
density of the nanocomposite. The effect of time of mechanical treatment on the structural parameters and phase
composition of mixtures of silicon dioxide and alumina oxide were studied using the method of X-ray structural
analysis. The established agglomeration is accompanied by a change in the lattice parameter ¢ with a change in the
regions of coherent scattering of crystalline Al20z. Ultra-soft X-ray emission spectroscopy was used to study the
distribution of Op-, Sisd- and Alsd- valence electrons in 0.8SiOz/ 0.2Al203 powder mixtures after the different
time of mechanical treatment. An increase in atomic charges has been measured and can be explained by the transfer
of electrons from Si and Al to O atoms in split Opx-binding states.
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Introduction

Oxides of transition and semi-transition metals have a
wide range of special properties, which are widely used in
the field of semiconductor electronics, information
storage, solar and renewable energy, etc. [1-5]. Among the
wide range of nanooxides of transition metals used in such
areas, SiO, and Al,O3 should be distinguished. It is well
known that during the transition of materials from the
macro- to nanoscale state, these properties can be radically
different from the initial ones [6]. Namely, as a result of
such a transition, quantum effects are very often observed,
which in some cases improve certain characteristics of the
product, and in others can significantly worsen them.
Therefore, methods that provide new useful properties are
undoubtedly relevant in today's rapid development of
nanoelectronics. The most widely used methods are
methods that are based on mechining, namely grinding in
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a planetary or ball mill. However, energy efficiency, and
hence the cost-effectiveness of these methods is quite low,
so it is more appropriate to use the method of shock-
vibration treatment on micro-breaker, which can provide
the same result, but for a shorter period of time. In
previous works [7-10] it was shown that this method of
processing is quite effective in the processing of
nanocomposites. However, it is not known how the
processing time of this method affects the energy
efficiency of this method. Therefore, it is necessary to
study the influence of this method on structural
morphological features and electron structural properties.
Therefore, it is advisable to conduct such studies for a
promising mixture 0.8Si02/0.2Al,03, which is very
promising for use as an electrode material of lithium
current sources,
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I. Materials and methods

1.1  Materials

The investigated samples of silicon oxide were
synthesized at the Institute of Surface Chemistry Chuka
National Academy of Sciences of Ukraine. The raw
materials for the pyrogenic silicon dioxide were SiCl,
which was fed into O,/H; flames for hydrolysis / oxidation
and the formation of nanoparticles of individual SiO;
oxides with a specific surface area of 230 m?/ g (PK300).

The fumed nanoparticles of Al,O3 with the specific
surface area SBET 89 m?qg and of Si,O with
Seet = 300 my/g were used as the initial powders. Method
of synthesis (Pilot plant of the Chuiko Institute of Surface
Chemistry,  Kalush,  Ukraine),  structural and
morphological characteristics of these powders were
described in detail elsewhere [11].

Preparation of the initial mixture (SA-20) was
performed by conventional stirring for 5 minutes,
followed by stirring in a 50 Hz mechanical vibrator
Ardenne (Germany) in a 25 mm diameter metal reactor
using one 10 mm diameter metal ball during 3 seconds.

The mechanical treatment at microbraker (MBT) of
mixtures of 0.8Si0O;/0.2Al,0; was performed in a
mechanical vibration mill in Ardenne (Germany). MBT
occurred in a metal reactor with a diameter of 25 mm
using a single metal ball with a diameter of 10 mm, at a
frequency of oscillation of the reactor 50 Hz. The Table 1
shows the correspondence between the processing time
and the name of the sample.

Table 1

The correspondence between the name of the
samples and time of their mechanical treatment

Name of the sample Processing time, min
SA-20 0
SA-20-3 3
SA-20-5 5
SA-20-10 10
SA-20-15 15
SA-20-20 20

1.2. Methods of research

The crystalline structure of the powder mixture was
studied using a Ultima IV (Rigaku, Japan) diffractometer
with monochromatic CuKa radiation. XRD patterns of the
powder mixture were analyzed using Power Cell 2.4
program. The analysis of XRD profiles and the allocation
of true physical broadening of peaks was carried out using
an approximation method. The separation of the
broadening effects of the XRD peaks associated with the
size of the coherent-scattering region and the tensions of
the second kind was carried out using the Holl-Williams
approximation. The crystallinity of the investigated
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powders was determined by the normalization of the
integral intensity of the amorphous halo to the value of the
intensity of the diffuse maximum corresponding to the
completely amorphous sample with similar composition.

The morphology of the nanoparticles before and after
MBT was studied by scanning electron microscopy (SEM)
PEM-106.

The energy distributions of valence Op, Sisq and Algg
electrons were studied using ultra-soft X-ray emission
spectroscopy (USXRES) applied to the OKa, SiLo and
AlLa emission bands. The study was carried out in a
X-ray spectrometer with monochromator PCM-500 in
vacuum (5%10° Pa) with an energy of electron 5 KeV and
an intensity of 6x10%" electrons per cm? (el/cm?). The
spectrometer has oil-free pumping system and a liquid-
nitrogen trap placed directly in the vicinity of the sample
to allow an additional freezing of vapors. The equipment
distortions in the 510 - 535 eV range of energies, in which
the OKa band is located, were AE = 0.3 eV, and in the
region of energies corresponding to the SiLa and AlLa
emission bands, it was AE = 0.2 eV.

To avoid the overlap of the OKa band of the studied
powder mixtures with the OKa of CuO the spectra were
measured in the energy region hv =510 - 535 eV.

I1. Results

Based on the assumption that any treatment is
accompanied by energy transfer, and the processing time
may correlate with the amount of this energy provided to
the system, it was decided to determine the optimal time
of MBT, which will give the best results of
electrochemical analysis.

Figure 1 shows the SEM image of the samples after
different machining times.

The initial mixture of nanoxides 0.8SiO; + 0.2Al,03
(Fig. 1,a) has the form of blurred agglomerates of
amorphous SiO2 and crystalline Al,Os, preferably
separated from the cloud-like amorphous phase. After
three minutes of MBT, the blurred cloud-like component
of the mixture basically disappears and the sizes of
agglomerates from 20 - 5 pm to 100 - 350 pum (Fig. 1, b)
with rather clear boundaries increase sharply. The
agglomerates are most dense where alumina crystals have
been detected.

Increasing the processing time to 5 min is
accompanied by the growth of dense agglomerates with
clearly delineated boundaries (Fig. 1, c) and both large
(400 - 500 pm) and small particles separated from each
other. A further 10-minute treatment results in the
particles being combined into very large grain
combinations and the number of fine particles reduced.
Increasing the processing time to 15 min and 20 min leads
to the destruction of these groups into smaller grains, and
the number of which increases and they all become the
densest at 20 minutes MBT.

From the images presented in (Fig. 2), obtained at
magnifications of 2500 times, it is seen that the nature of
the agglomeration of nanoparticles with changing
processing time remains the same and confirms the
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Fig. 1. SEM images of nanocomposites: a - SA-20; b - SA-20-3; ¢ - SA-20-5; d - SA-20-10; e - SA-20-15;
f - SA-20-20, x500 times.
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Fig. 2. SEM images of nanocomposites: a - SA-20; b - SA-20-3; ¢ - SA-20-5; d - SA-20-10; e - SA-20-15;
f - SA-20-20, x2500 times.

clarity of the boundaries of the clusters, indicating their
compaction.

Analysis of radiographic data (Fig. 3) showed that
nanoxide mixtures contain amorphous SiO, and 6-phase
Al>Os. The content of the 6-phase of Table 2 after shock-
vibration treatment for 3 min increases by only 2 %, and
with increasing duration of treatment from 5 to 15 min
remains virtually unchanged and decreases with 20 -
minute treatment. Since no new Al,O3 phases are detected,
this difference in the phase composition of the mixtures is
obviously the result of the random content of the 6-phase
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of Al;O3 in the samples taken in the study. The lattice
parameters change randomly only in the third sign and can
be considered constant within the error of the experiment.
At the same time, the lattice parameter "c" after processing
for 3 minutes increases by 0.02 A and remains close to
5.62 A and at longer processing times in the vibrating mill.

The region of coherent scattering of the 6-phase of
Al>O3, which in the initial mixture is 18nm (Table 2) at
MBT for 3 minutes decreases to 15 nm, obviously due to
the destruction of particles. However, increasing the time



The Dependence between the Structural-Morphological Features Mixes...

= B - =

Fig. 3. XRD spectra of nanocomposites: a - SA-20; b - SA-20-3; ¢ - SA-20-5; d - SA-20-10; e - SA-20-15;

f - SA-20-20.
Table 2
Phase composition, CSR sizes (D), the lattice parameters (a, b, ) in the initial and MBT mixtures
0.8Si0,/0.2Al,03 with different time of treatment.

Sample 0, % Amorph., % tireat, MIN a, A b, A c, A B,° D, nm

SA-20 21.79 78.21 0 11.8580 2.9150 | 5.6090 103.6548 18
SA-20-3 23.92 76.08 3 11.8437 2.9037 | 5.6269 103.7732 15
SA-20-5 20.82 79.18 5 11.8566 2.9070 | 5.6167 103.7710 22
SA-20-10 20.28 79.72 10 11.8589 2.9038 | 5.6215 103.8392 20
SA-20-15 21.09 78.91 15 11.8552 2.9054 | 5.6187 103.7542 25
SA-20-20 18.22 81.78 20 11.8587 2.9056 | 5.6208 103.7280 29

of MBT leads to a sharp increase in CSR, with 20-minute
processing almost twice, 15 minutes to 29 nm. This
increase in CSR cannot be explained by the fallout
sintering of nanoparticles. Therefore, the only thing that is
possible is the re-crystallization of one particle at the
expense of another at high local pressures and
temperatures, because a long processing time does not
allow temperatures to decrease at the points of contact of
0- Al2O3 nanoparticles.

Since the nature of such changes in structural and
morphological features is not known, an preparation of
nanoxide mixtures for MBT requires a number of
operations of heat and thermo-vacuum treatment, etc to
minimize the amount of water adsorbed into the
nanocomposite. In addition, it is well known that adsorbed
water leads to the formation of interparticle bonds, and the
transfer of additional charges to oxygen atoms. That is,
molecules sorbed by water nanoxides can also provide
additional negative charge. Therefore, the carried out
mechano-vibration treatment of these mixtures without
prior annealing can answer these questions. Since X-ray
phase analysis cannot determine the contribution of sorbed
water to the electronegativity of the studied system, the
study of X-ray emission bands of oxygen and the influence
on their parameters of MBT should be used.

It was previously shown [7] that inter-atomic bonds
were formed in clad nanooxide particles, due to which the
negative charge of such nanoparticles increased due to the
transfer of weakly bound electrons from silicon and
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aluminum to the oxygen state. To determine the presence
of such a transition, it is necessary to analyze the
dependence of the shape and relative intensities of SiLa
and AlLo emission bands on the time of MBT. OKa-
emission bands obtained at minimum anode currents of 1
mA were obtained for storage of sorbed H,O molecules in
samples and at | = 10 mA for obtaining spectra from
dehydrated samples.

Their comparison with the spectra obtained after
thermo-vacuum treatment (Fig. 4) revealed that the width

TurencuBHiCTh (BimH.01)

T —
525 535
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Fig. 4. OKa-spectra: SA-20 clad (a), obtained at an anode
current of 10 mA (b), obtained at an anode current of 1
mA (c).
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of the OKa band of the initial mixture is greater than the
spectrum obtained from the thermo-vacuum mixture and
differs from the spectra obtained earlier [7] mainly in that
the expansion is observed as in high energy and low-
energy area due to simple overlay. The expansion in the
high-energy region is more intense, probably due to
molecules that are not chemisorbed.

After MBT for 3 minutes (Fig. 5), the intensity and
expansion in the high-energy region decreased, equaling
that in the low-energy region. This may be a consequence
of the removal of non-chemisorbed will molecules from
the surface of nanoparticles, because after obtaining OKa
bands at an anode current of 10 mA, it turned out to be
very close to that obtained previously [7] without MBT.

——SA20 20
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Fig. 5. OKa-spectra of mixtures with different time of
MBT.

Shock-vibration treatment of the SA-20 mixture for 5
minutes led to a narrowing of the expansion of the OKa
band in the high-energy branch and to a shift in the long-
wave side of the low-energy circuit, as observed for clad
at the same 5 minutes of processing [7]. It is obvious that
it is in such modes that O-Oxn bonds are formed between
the surface atoms of the contacting particles in the clad
SA-20.

Increasing the MBT time to 10 minutes led to a
decrease in the expansion of OKa bands in the low-energy
region with the release of a fairly pronounced influx,
which indicates a decrease in the contribution of Op-p.-
bonds between the surface atoms of nanoparticles.
Obviously, this is a consequence of the destruction of
some of the clad nanooxides. Longer treatments at 15 and
20 minutes lead to even less expansion of the OKa band
in the energy range corresponding to the Orr state, but the

described expansion still remains. This indicates that not
all clad nanoparticles are destroyed.

Conclusions

Studies of the effect of MBT time on the
morphological features of nanocomposite SA 20 showed
that during processing for 3 min there is a slight adhesion
of particles to each other, and when processing more than
10 min there is only crushing of agglomerates and increase
in bulk density.

From the results of X-ray diffraction analysis it was
found that as a result of the Office for 15 and 20 minutes
is accompanied by an increase in CSR almost twice. On
the other hand, the phase composition and parameters of
the crystal structure do not change as a result of
processing.

From the results of USXES it is established that
during processing for 3 minutes or more promotes the
removal from the surface of nanoparticles of chemisorbed
water molecules. When treated for 5 min, the formation of
clad bonds between the nanoparticles of oxides. And when
processed for 10 minutes or more, the most likely is the
rupture of clad ligaments and re-crystallization processes
as a result of high pressures and temperatures.
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3aJIeKHICTh MIZK CTPYKTYPHO-MOP(OJIOTIYHMMH 0COOJTUBOCTAMHU CyMillli
0.8S102/0.2Al203 Bin yacy mexaHiuHOi 00poOKH

Hayionanvnuii mexuiunuii ynieepcumem Ypainu «Kuigcoxuii nonimexuiunuii incmumym imeni Izops Cikopcvkozoy, Kuis,

Vkpaina, yar-yra@ukr.net

2Iucmumym memanogizuxu in. I.B. Kypoomosa HAH Yipainu, Kuis, Yxpaina, hrubiakOandrii@gmail.com

VY miif poGOTI BHUCBITICHO B3a€MO3B'SI30K MiX 3MIHAMH CTPYKTYPHO-MOP(OJIOTIYHHX OCOOIMBOCTEH,
€IIEKTPOHHOIO CTPYKTYPOIO Ta TPHBATICTIO yIapHO-BiOpamiiiHOi 00poOku. CkaHyroYa eleKTpOHHA MiKPOCKOITis
BHKOPUCTOBYBAJIACh ISl BHSABJICHHS 3MIiHM MOP(OJOTIYHMX OCOOIMBOCTEHl HAHOPO3MIPHUX IOPOMIKIiB. 3
nopiBasaHEI CEM-306paxens cymimi 0,8Si02 / 0,2Al203 1o Ta micns ynapHo-BibpauiiiHoi 00poOKH BCTAHOBIEHO,
110 3aBJSIKH 00pOOIIi araoMepaTy BUXiJHUX KOMIIOHEHTIB OZJHOYACHO OAPIOHIOIOTHCS 3 iZIealbHIM 3MIITyBaHHIM
YaCTHHOK OKCHIIB MiXK COOOI0 Ta YTBOPEHHSIM HOBHX ariIOMEpaTiB 3 OLTBII MILTBHOIO CTPYKTYPOIO. 30UIbIICHHS
4yacy 0OpOOKHM NPHU3BOAWTH 10 30UIBIIEHHS LIUTBHOCTI HAaHOKOMIIO3MTY. BrumB uwacy MexaHidHoi 0OpoOKH B
yllapHO-BiOpaliifHOMy MIIMHI Ha CTPYKTYpHI mapamerpu Ta ()a3oBHH CKJIQJ CyMilleHd MiOKCHAY KpEeMHilo Ta
AIIOMIHII0 BUBYAJIM METOJOM DPEHTI€HOCTPYKTYpHOTO aHamily. BcTaHoBeHa arjomepallis CynpoBOJUKYETHCS
3MIHOIO 00JacTeil KOrepeHTHOro po3citoBaHHS KpucTamidHoro Al2O3 mpu BIiICYTHOCTI 3MIiHHM CTPYKTYypHHX
mapaMeTpiB KOMIIOHEHTIB. YIbTpaMm'ska pPEHTTCHIBChbKa EMICiifHa CIIEKTPOCKOIS BHKOPHCTOBYBAJIACh IS
BuBueHHs posnoxainy Op-, Sisd- ta Alsd-BanentHux enexTpoHiB y mopomkoBux cymimax 0.8SiOz / 0.2Al203 3
pi3HUM dYacoM MexaHigHOi 00poOku. BusBieHO 30UTBOIEHHS ATOMHHX 3apsfdiB, SK€ MOXKHA MOSCHHTH
MEpEeHECEHHAM  €JIEKTPOHIB  Big aromiB  Si Ta Al 10 pO3MICIUIEHMX  Pr-3B°S3YIOYMX  CTaHIB
aTomiB O.

Kiwuosi cioBa: yaapHo-BiOpaiiiitHa 00po6ka, MOpQOJOTis, PEeHTTCHOCTPYKTYPHHUI aHaii3, pO3MOIii
BAJICHTHHX €JIEKTPOHIB, 00JIaCTh KOTEPEHTHOTO PO3CIIOBAaHHS, CHEKTP.
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