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Particles of hydrophilic (4-300) and hydrophobic (AM]I) silicas, interacting with each other, form secondary
structures in which the gaps between non-porous nanoparticles shape texture mesopores and macropores. Water
addition to this system during the process of mechanochemical action results in a forming of composite system with
thixotropic properties. Thus, the aim of the work was to study the phase state and parameters of the water binding to
the surface of solid particles in systems consisting of two parts of hydrophilic and one part of hydrophobic silica with
a variable water content. Using the methods of '"H NMR spectroscopy, electron microscopy, laser correlation
spectroscopy and rheological studies, the state of water was studied, its thermodynamic parameters, as well as the
A-300/AM1 composite particle size distribution were determined. It has been found that water in the interparticle
gaps of the A-300/AM1 composite is in the form of polyassociates similar to clusters and domains in liquid water. It
was shown that with increasing water concentration (from 1 to 4 g/g) in the composite, its bulk density, the amount
of strongly bound water and the total change in its free energy increased. It has been found that for composites with
different hydration, similar clusters size distributions of adsorbed water are observed, where two maxima are
identified at R = 5-7 and 20-30 nm, and most of the water is part of cluster structures with radius of 2040 nm. It
has been shown that a suspension based on of a mixture of 2/1 hydrophilic and hydrophobic silicas and 3 g/g of
water, depending on the mechanical loading, can be in the state of a wet powder or viscous liquid, having high
thixotropic properties, which are manifested in diluted aqueous suspensions. For dispersing of such a composite in
an aqueous medium, aggregates form in with a diameter of 80-100 and 200—1000 nm, which indicates intense
interparticle interactions. The interaction energy of the nanoparticles surface in the composite with the aqueous
medium increases from 12 to 18 J/g with an increase in the water content from 1 to 4 g/g. Under the influence of
shear load, the viscosity of the diluted suspension decreases by an order of magnitude, and then is restored at a level
which exceeds the initial one almost at twice. It has been found that the obtained colloidal system is irreversible in
the aqueous medium and under the mechanical load influence in the working cylinder of a viscometer, its viscosity
characteristics intensify.
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INTRODUCTION as organic substances of various chemical nature,
giving them the necessary properties [6-9].

The synthesis of hydrophobic methyl silica
is carried out by replacing all or most of the
surface hydroxyl groups with methylsilyl ones
[10, 11]. The initial methyl silicas are not wetted
with water, since the interparticle gaps in
aggregates (<1 pm) of non-porous nanoparticles
(NPNP, diameter is about 10 nm), agglomerates
of aggregates (> 1 um), and visible loose
particles (bulk density p, = 0.05 g/cm’) are filled
with air and the water adsorption is

Pyrogenic silicas are environmentally-
friendly materials in which the content of the
main substance exceeds 99 %. Biological
inactivity and high specific surface area make it
possible to use them widely as an effective
adsorbent approved for application in medicine
for detoxifying both of human and animal
organism [1-3], structure-forming filler for many
pharmaceutical preparations [4] and a food
supplement that improves the technological
roperties of some products [5]. The creation of
Eev}l) types of flfnctionaligell materials for thermodynamigally unfavorable. However, in
biomedical purposes can be expected in the works [6_.1 6] 1t.was found t.hat a mixture .Of
development of composite systems, which hydrophf)l?lc 0x1des. (or th(?lr mixtures with
simultancously  include  hydrophilic  and hydrophilic nano-oxides) with water can be

hydrophobic highly dispersed materials, as well homogenized by grinding using relatively small
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Thixotropic system based on mixture of hydrophilic and hydrophobic silica

mechanical loads, which allows air to be
removed from the gaps between the NPNPs in
the compacted material (p, increases by about a
magnitude order), replacing it with water.
Hydro-compacted nano-oxide, initially
hydrophobic, is wettable with water and can
form a stable aqueous suspension. However, if
this compacted nanooxide is dried, then it
regains its hydrophobic properties (for example,
the powder will float on the water surface).

The phase state of aqueous suspensions of
compacted hydrophobic powders depends on
many factors: the solid phase concentration, the
concentrations ratio of the hydrophobic and
hydrophilic components, the features of the
preliminary treatment of oxides, temperature,
diffusion of solvents and residual gases, etc. In
complex heterogeneous systems, the adsorption
and technological characteristics of composites
largely depend on the processes occurring during
their  formation, on the creation of
supramolecular structures with a minimum free
energy. Several types of interactions are typical
for aqueous suspensions of such systems: a
liquid medium with solid particles, solid
nanoparticles with each other, and gaseous
substances  (air) with  solid  (primarily
hydrophobic) particles [17-19], that are due to
van der Waals and electrostatic, dispersion and
ionic interactions. As a result, colloidal systems
with thixotropic properties can form [20-22]. If
in liquids, because of intense molecular
movements, thermodynamic equilibrium is set
spontaneously (micellar colloids), then in
mixtures of nanoscaled solids with various

hydrophobic-hydrophilic  properties, external
influences may be required to achieve
thermodynamic  equilibrium, in particular,

mixing with mechanical load. By adding
hydrophobic substances to hydrophilic systems
and dosed nmechanical action on a
multicomponent system in the water presence,
new methods can be developed to control the
properties of composite systems and the
processes of water clustering or aqueous
solutions at the interfaces.

Thus, the aim of the work was to study the
phase state and parameters of the water binding
to the surface of solid particles in systems
consisting of two parts of hydrophilic and one
part of hydrophobic silica with a variable water
content.
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EXPERIMENTAL PART

For experiments, pyrogenic silica A-300 was
used and its methylated analogue AM1, obtained
as a result of the reaction of
dimethyldichlorosilane with A-300 (Pilot plant
of Chuiko Institute of Surface Chemistry,
Kalush, Ukraine). The bulk density of both
silicas was 0.045-0.05 g/cm®. To prepare the
composite system, the selected amounts of silica
were ground in a porcelain mortar for 10 min.
Then the required amount of water was added to
the composite and grinding continued until a
homogeneous powder or gel-like paste was
formed.

The "H NMR spectra were recorded using a
Varian 400 Mercury spectrometer of high
resolution with an operating frequency of
400 MHz. Eight probing 60° impulses of 1 us
duration were used with a bandwidth of 20 kHz.
The temperature was controlled by means of a
Bruker VT-1000 device with an accuracy of
+1 deg. The signal intensities were determined
by measuring the area of the peaks using the
procedure for decomposing the signal into its
components under the assumption of a Gaussian
form of signal and optimizing of the zero line
and phase with an accuracy that was not less
than 5% for well-resolved signals and +10 % for
overlapping signals. To prevent supercooling of
the studied systems, the measurements of the
amounts of unfrozen water (at 7'< 273 K) were
carried out on heating of samples preliminarily
cooled to 210 K. The temperature dependences
of the '"H NMR signals intensity were recorded
in an automated cycle, when the holding time of
the sample at a certain constant temperature was
9 min, and the measurement time was 1 min.
NMR measurements were carried out in the air
medium.

The rheological properties of the dispersions
were studied using a rotational viscometer
“Rheotest 2.1” (cylinder system S/N) at a shear
rate of 9-1312.2 s'. The relative measurement
error was ;= =+ 4 %.

Particle size distribution investigations for
the nanosilica dispersion was carried out using a
Zetasizer Nano ZS (Malvern Instruments)
apparatus with a universal dip cell (ZEN1002).

RESULTS AND DISCUSSION

TEM micrographs of the composite system
obtained by grinding 2 parts of hydrophilic silica
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A-300 and 1 part of hydrophobic silica AM1
(before water addition) are shown in Fig. 1.
Secondary structures are observed in the
composite, having the size of several microns.
With an increase in resolution, primary silica
particles with a size of 10-20 nm become
visible. These particles interacting with each
other, create secondary structures, where the

Fig. 1.

The '"H NMR spectra of water bound in a
composite system consisting of hydrophilic and
hydrophobic  silicas  taken at different
temperatures in the water concentration range
h=1-4 g per gram of dry substance are shown
in Fig.2 a—d, and in Fig.2e — for a sample
containing 4 g/g H,O in deuterochloroform
medium. In the spectra single water signal is
observed with chemical shift (dy) is about
45ppm at 7=283 K. The signal intensity
reduces with decreasing temperature in
accordance with the freezing of a part of the
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gaps between NPNPs form textural mesopores
(with a radius of 1nm<R<25nm) and
macropores (R>25nm) with an insignificant
contribution of micropores (R <1nm). The
hydrophilic and hydrophobic components do not
differ in micrographs, since hydrophilic A-300
was as the basis for the hydrophobic AMI1
synthesis.

TEM images of composite system containing hydrophilic A-300 and hydrophobic AM-1 silicas in the ratio (2/1)

adsorbed water, but the chemical shift increases
(Fig. 3).

The value of the water chemical shift (i.e.,
the average value of the trace of the magnetic
shielding tensor of protons in water molecules
relative to the standard — tetramethylsilane)
localized in the NPNPs interparticle gaps in
silica is determined by the average number of
hydrogen bonds in which each water molecule
participates, the strength of hydrogen bonds, and
the presence in the subsurface layer of hydrated
structures with an excess charge (for example,
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solvated protons or other ions). Chemical shift of
non-associated water (gaseous state or non-polar
medium) Jdy=1-1.5ppm [23,24], for
tetracoordinated water in ice — gy =7 ppm [25],
for liquid water, depending on temperature,
intermediate ~ values Jy=4-6ppm  are
characteristic, which correspond to the
participation of each molecule in 2-3 hydrogen
bonds with its neighbors. In solutions, the
chemical shift value is also determined by the
statistical contribution from the solvate —
solvatant associates [26—28].

According to the data in Figs. 2, 3, water in
the interparticle gaps of the A-300/AMI1
composite is in the form of some polyassociates,
similar to clusters and domains in liquid water
[29-31]. With temperature decreasing, molecular

p, = 0.32 glom?,
1g9/g HoO

Py = 1 g/cm3,
3 g/gHO

4 g/g HoO

+2.5g/g CDCl3

mobility reduces, and the molecules ordering
increases. In some cases, on the surface the
structures are formed, characterizing by a high
value of the chemical shift, up to dz = 8.5 ppm.
Probably, a certain number of associates
containing solvated protons are present on the
surface, the chemical shift of which can be
on =12 ppm [32]. The chloroform medium has a
little effect on the chemical shift of adsorbed
water. This indicates that chloroform does not
displace water in contact with the surface [33],
since under conditions of complete filling of the
interparticle gaps of composite particles with
water, diffusion of weakly polar molecules can
proceed rather slowly. In addition, this process
can be energetically unfavorable due to the need
to change the structure of aggregates.
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278K
271.1
270
268.3
265
260
252
241
228
212

280K
272

269.4

268.8

265
258
249
238
236

223

280K
272.4

270.2
267.3
267

270.8

250
238

232

217

6
3 (ppm)

Fig.2. 'H NMR spectra (recorded at different temperatures) of water adsorbed by the composite system
A-300/AM-1 (2/1), at h =1 — 4 g/g (a—d, respectively) and at 2 =4 g/g in CDCl3 medium (e)
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Fig. 3. Temperature dependences of the chemical shift of water adsorbed in the interparticle gaps of the composite
system A-300/AM-1 at different hydration degree

Since the water concentration in the samples
is known, the intensity of the water signal (/) can
be used to calculate the concentration of
unfrozen water (C,») at any temperature:
Cuww = h1/I1>273. The corresponding dependences
for composite systems A-300/AMI, differing in
water content, are shown in Fig. 4 a. The process
of freezing (melting) of interfacial water,
localized in a solid porous matrix, takes place in
accordance with changes in the Gibbs free
energy due to the influence of the surface. The
farther the studying layer of water is from the
surface, the less the influence is at 7 =273 K
water freezes, the properties of which do not
differ from those of bulk water, and as the
temperature decreasing (without taking into
account the effect of supercooling), the water
layers, that are located closer to the surface,
freeze. Thus, for interface water the ratio is
valid:

AGice = —0.036(273.15-T), (1)

where the numerical coefficient is a parameter,
associated with the temperature coefficient of
variation of the Gibbs free energy for ice [34].
Determining the concentration of unfrozen water
as a function of temperature Ci,,(7) by the signal
intensity, in accordance with the technique
detailed in [33, 35-37], the amount of strongly
and weakly bound water (SBW and WBW,
respectively) and the thermodynamic
characteristics of these layers can be calculated.
[34]. Fig. 4 shows the temperature dependences
of the concentration of unfrozen water (Fig. 4 a)
and the dependences of the change in the Gibbs
free energy on the concentration of unfrozen
water AG(Cy,,) calculated on their basis
(Fig. 4 b).
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If the total water content in the system
significantly exceeds the total pore volume
(interparticle gaps), then some part of the water
can be in a free (unbound) state when water
molecules do not experience a disturbing effect
from the particle surface. It is difficult to
determine accurately the amount of “bulk”
water, therefore, we will consider that part of
water that corresponds to 4 > 1.5 g/g as bulk one.

The interfacial energy of solids or
biopolymers was determined as a modulus of the
total decrease in the free energy of absorbed
water, due to the presence of an internal water-
polymer interface by the formula,

max
Cow

7s=-K [ AG(C,,)dC,, . 2
0

where C\ = 1.5 g/g.

Interfacial energy is a convenient parameter
that allows you to compare the energy of water
binding in different systems, especially if the
amount of water in them is the same.

To determine the geometrical dimensions of
nanoscale aggregates of liquid limited by solid
surface, the Gibbs — Thomson equation [38, 39]
can be used, connecting radius of spherical or
cylindrical pores (R) with the value of the
depression of freezing temperature:

AT, =T,(R)-T,, =" 4= ()
- AR

where T,,(R) is melting temperature of ice in the
pores (voids) of radius R, T,,« — bulk melting
temperature of ice, p — density of the solid phase,
os — the energy of the solid-liquid interaction
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(for example, via hydrogen bonds), AH; — the
bulk enthalpy of melting.

Table demonstrates the characteristics of
unfrozen water layers in the composite system
A-300/AM-1 (2/1) with different hydration.
Wherein the concentration of strongly and
weakly bound water (CuS and Cu W,
respectively), and maximum reduction of Gibbs
energy in a layer of strongly bound water (4Gys)
were calculated, that was estimated by
extrapolating the dependence AG(T)(C.) to the
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ordinate axis (AG), as well as the surface energy
value calculated in accordance with the formula
(2). Strongly bound was considered to be a part
of the interfacial water for which the decrease in
the Gibbs free energy of AG <-0.5kJ/mol
[34-36]. Size distributions of adsorbed water
clusters were calculated according to the
formula (3). For clarity, they are shown in Fig. 5
together with the dependence ys(%). Bulk density

could be determined only for samples at
h<3glg.
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Fig.4. Dependences of the change in the unfrozen water concentration on temperature (a) and constructed on their basis
the dependences of the change in the Gibbs free energy on the unfrozen water concentration (b) in the interparticle
gaps of the composite system A-300/AM-1 at different hydration
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Fig. 5. Size distribution of adsorbed water clusters at different hydration of A-300/AM-1 (2/1)

Assuming that the bound water in
composites can be no more than 1.5 g/g, and
strongly bound is the part for which
AG <-0.5 kJ/mol, then we can calculate the
parameters of the unfrozen water layers,
including the specific surface area of oxides in
contact with it and the volume of pores filled
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with unfrozen water, as well as the average
melting temperature of ice (Table). As the water
concentration rises in the composite, its bulk
density, the amount of strongly bound water, and
the total change in its free energy enhance. The
ys dependence monotonically increases over the
entire range of changes in hydration (Table). A
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fourfold rise in the adsorbed water amount leads
to a relatively small (up to 30 %) increase in the
interfacial energy: in the range 1<h<4g/g
addition of new portions of water does not result
in a noticeable enhance in its binding to the
surface of composite particles. A possible reason
should be considered the limited volume of pores
and the accessible particles surface in the
compacted system and the weak surface effect
on remote water layers. Inclusion in the sample
with 2#=4 g/g H,O 2.5 g/g deuterochloroform
leads only to a slight decrease in the interfacial
energy (Table) due to a reduce in the amount of
strongly bound water, which indicates the
possibility of partial displacement of bound
water by chloroform.

For the composites with different hydration
degree, similar in form of size distributions of
adsorbed water clusters are observed (Fig.5).
Two maxima are identified on them at R = 5-7

and 20-30 nm. Most part of the water is included
in the composition of cluster structures with the
radius of 20—40 nm, with the exception of a
sample containing 3 g/g of adsorbed water, for
which it was not possible to measure the
intensity of its signal near 7' = 273 K (Fig. 2 ¢).

In concentrated systems such as studied
composites, strong interparticle interactions can
exist, the magnitude of which depends on the
solid phase concentration. Fig. 6 shows the
results of measuring the diameter distributions of
the composite particles, taken by the method of
laser correlation spectroscopy at diluting of a
sample containing 2 parts of hydrophilic, one
part of hydrophobic silica and 3 g/g water, up to
5, 1.4, and 0.23 wt% dry substance (samples 1-3)
after sonicating for 10 min (samples 2, 3) and
40 min (sample 1). Fig. 6 shows curves for
scattered light intensity, volume and number of
particles vs particle diameter.
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Fig. 6. Particle size distribution of aqueous suspension A-300/AM-1 (2/1) composite at different concentration of

dry substance: a —5,b—1.4,c—0.23 wt. %
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Table 1.  Characteristics of unfrozen water layers in the composite system A-300/AM-1 (2/1) at different hydration
h, Pb, Medium Cw'’s G, —AGs, s <Tw> Snanouw  Smesouw  Smacrouw  Vhaanouw  Vimesouw — Vmacro,uw
glg  g/em’ mg/g  mg/g kJ/mol Jig K m?/g m?/g m?/g cm®/g cm’/g cm®/g
1.0 0.32 Air 60 940 2.66 12.1 264.3 13 41 5 0.006 0.639 0.355
2.0 0.54 Air 85 1415 2.25 13.8 2659 0 6l 10 0 0.851 1.149
3.0 1.0 Air 75 1425 2.31 179 2683 0 100 18 0 1.819 1.181
4.0 - Air 98 1402 2.63 182 2672 9 72 28 0.004 1.305 2.691
4.0 - CDCl; 85 1415 2.08 150  267.1 0 61 6 0 1.230 2.770




V.V. Turov, V.M. Gun’ko, T.V. Krupskaya et al.

In the most concentrated suspension
(sample 1, Fig. 6 a), approximately two thirds of
the total volume of particles are particles with
diameters in the range D = 10-80 nm, and a third
in the range D =200-1000 nm. When the
suspension is diluted, the volume of large
particles slightly decreases (sample 2, Fig. 6 b),
and in the diluted suspension, three maxima are
recorded on the distribution curve at D = 30, 100
and 300nm (Fig. 6 ¢). For suspensions of
pyrogenic oxides, the polymodality of particle
distributions is a common phenomenon, since
NPNPs form hierarchical structures of
aggregates and agglomerates, the appearance of
which is due to the nature of pyrogenic synthesis
and the subsequent history of materials. Whereas
a stable highly concentrated suspension

(5.5wt. %) is formed only in the case of
prolonged sonication, it should be concluded that
composites prepared on the basis of hydrophilic
and  hydrophobic  silicas  mixtures are
characterized by strong interparticle interactions,
the magnitude of which depends on the method
of sample preparation. It turned out that the
composite A-300/AM-1 (2/1), prepared at
h=3g/g, has high thixotropic properties.
Immediately after preparation, it has a gel-like
appearance. However, after several hours of
aging without mechanical stress, it turns into a
solid that can be crushed into components and
looks like a wet powder (Fig. 7 a). This process
is reversible, because after light grinding in a
porcelain mortar, the powder turns into a viscous
liquid again (Fig. 7 b).

a

B

Fig. 7. Change in the phase state of the A-300/AM1 (2/1) composite containing 3 g/g H,O: initial (a) and after

slight grinding (b)

The thixotropic properties of the system are
determined by its capability to change the
viscosity depending on the applied shear load
[17, 18]. Fig. 8 shows the results of measuring
the shear viscosity over time at various shear
loads, obtained on a Rheotest 2.1 viscometer
using a cylindrical system in the shear rate range
from 9 to 1300s'. The relative measurement
error was O1=+4 %. The measurements were
carried out in the mode of stepwise change in
shear loads. As the shear load increases, the
viscosity of the colloidal system decreases from
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90 to 30 mPa-s. Holding the sample for 10 min
at a constant shear load does not lead to a change
in its viscosity, but the return of the system to a
stable state (no load) is accompanied by a
noticeable (in comparison with the initial value)
increase in viscosity. Thus, a colloidal system
based on a mixture of hydrophilic and
hydrophobic silicas at the ratio of 2/1 in an
aqueous medium is irreversible and under the
influence of mechanical stress in the working
cylinder of a viscometer, its viscosity
characteristics intensify.
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Fig. 8. The dependence of viscosity (7, mPa-c) on shear rate (y, ¢’') in time (¢, min) for (a); effective viscosity (,
mPa-c) on shear stress (P, Pa) (b) and shear rate (y, ¢c™') on shear stress (P, Pa) (c)

CONCLUSIONS

A composite system obtained by grinding
2 parts of A-300 hydrophilic silica and 1 part of
AM1 hydrophobic silica forms stable aggregates
in which the primary particles have a diameter of
about 10-20nm, and the gaps between
nanoparticles form a developed mesoporous
structure. Under the influence of mechanical
loading, mesopores in a mixture can be filled
with water, which is in a clustered state,
characterized by the participation of each water
molecule in the formation of 2-3 hydrogen
bonds. Most of the bound water is included in
clusters with a radius not exceeding 40 nm. A
suspension prepared on the basis of a mixture of
hydrophilic and hydrophobic silicas (2/1) and
3 g/g of water, depending on the mechanical
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loading, can be in the state of a wet powder or a
viscous liquid, having high thixotropic
properties, which are manifested in dilute
aqueous suspensions. When dispersed in an
aqueous medium, aggregates form with a
diameter of 80-100 and 200-1000 nm in such
composite. This indicates intense interparticle
interactions. In the composite with an aqueous
medium, the interaction energy of the
nanoparticle surface increases from 12 to 18 J/g
with an increase in the water content from 1 to
4 g/g. Under the influence of the shear load, the
viscosity of the diluted suspension decreases by
a magnitude order and then recovers at a level
that is almost two times higher than the initial
one.
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Yacmunku 2iopoginenozo (A-300) ma 2iopogobnoco (AM-1) kpemmesemis, e3aemoolirouu Mmixc coboro,
VMEOPIOIOMb  GMOPUHHI  CIPYKIMYPU, 8 SKUX NPOMIJICKU MINC HENOPUCIMUMU HAHOYACMUHKAMYU Dopmyiomsb
meKkcmypHi me3o- i maxkponopu. Ilpu oodasanHi 0o yiei cucmemu 800U 8 Npoyeci MexXaHoxXimMiuHoi oOpoOKu
8I00YBAEMbCSL YMBOPEHHS KOMNOZUMHOL cucmemu, KA MAe mukcomponti eéiacmugocmi. Memoio pobomu 6Oyno
8UBYEHHSl (PA308020 CMAHY MA NAPAMEMPI8 36 'A3V6AHHS 00U 3 NOGEPXHEID MEEPOUX YACMUHOK @ CUCTHEMAX, W0
CKAA0aomsCsi 3 080X 4ACMUH 2IOPOPIIbHO20 | 0OHIEL uacmuHu 2i0popoOHO20 KpeMHe3eMie npu 8apilo6anHi 6Micmy
600u. Memooamu 'H AMP cnexmpockonii, enekmponnoi MiKpOCKORii, 1a3epHOi KOpenayiiinoi chexmpocKonii,
PeONO2IUHUX OOCTIONCEHb BUBUEHO CIMAH 600U MA BUIHAYEHO i1 MEePMOOUHAMIYHI napamempu, 00CIIOHNCEHO PO3NOOLN
3a Oiamempamu YACMUHOK Komnosumy. Bcmanoeneno, wo 600a 8 MidCUACMUHKOBUX NPOMINCKAX KOMHOZUMY
A-300/AM1 3uaxooumvcsa y uensioi noniacoyiamis, SAKi € AHANOIYHUMU KIACMepam i OOMeHam 6 pIOKili 600i.
THokaszano, wo npu 30invuenHi KoHyenmpayii 6oou (8i0 1 0o 4 2/2) 6 Komnosumi niOBUWYEMbCA 11020 HACUNHA
2YCMUHA, KiNbKiCmb CUTbHO38 A3aHOI 600U Ma CyMApHA 3MiHA ii 6inbHOI eHepeaii. Busnaueno, wo 011 KOMNO3UmMis 3
Pi3HOI0 2i0pamayiero cnocmepiearomvpCs CX04Ci 3 8U2A00M PO3N0OLIU NO padiycax Kiacmepie aocopboeanoi 600u,
Oe idenmuixyiomocs 06a makcumymu npu R =5-7 i 20-30 nm, a @eauka yacmuna 800U 6X00UmMb 00 CKIAOY
KAACMepHUx cmpykmyp, paoiyc saxux cmanogums 20-40 um. [lokazano, wo cycnemsis, npucomogana Ha OCHOSI
cymiwi  2/1 eiopoginbrnoeo i 2idpogobHoco KpemHezemie I 3 2/2 600U, 8 3ANEHCHOCMI BI0 MEXAHIYHO2O
HABAHMAICEHHS, MOdCce nepedysamu 8 cmaui 6 a3K0l piouHu abo 60102020 NOPOWIKY | MAE GUCOKI MUKCOMPONHI
811ACMUBOCMI, AKI NPOABNAIOMbCA 8 PO36EOEHUX B0OHUX cycneHziax. IIpu oucnepeysanui y 600HOMY cepedosuiyi
maxutl xomnozum gopmye aepecamu Odiamempom 80—-100 i 200—1000 m, wo ciduumv npo IHMEHCUBHI
Midcuacmunkogi 63aemo0ii. Enepeis 63aemo00ii no8epxXHi HAHOYACMUHOK 6 KOMRO3UMI 3 600HUM cepedosuujem
30invuyemscs 6i0 12 0o 18 [c/e i3 3pocmannam emicmy 600u 6i0 1 0o 4 2/e. ITi0 éniugom HABAHMANCEHHS 3CY8Y
8 ’A3KICMb P036e0eHOi CYCneH3ii 3MeHUYEMbCA HA NOPAOOK, d NOMIM BIOHOBNIOEMbCA HA PIGHI, AKUL Nepesuiyye
BUXIOHUL Matidce 8 08a pasu. Bemanoeneno, wo ompumana konoiona cucmema 6 600HOMY cepedosuuyi HeobopomHa
i ni0 8NIUBOM MEXAHIUHO20 HABAHMANCEHHS 8 POOOYOMY YUNTHOPI GICKO3UMEMPA 3MIHIOE C80i 8 A3KICHI 81ACTNUBOCH
6 OiK 30inbULeHHS.

Knrouosi cnoea: mukcomponui seuwa, Memuikpemuesem, 2iOpoinbHuli KpemHesem, 38'a3aHa 6004,
'H AMP-cnexmpockonis
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Yacmuywr euopoguivnozo (A-300) u cudpoghobnozo (AM-1) xpemmnesemos, e3aumodericmgys mexncoy cobol,
06paszyiom 6mopuunble CMpPYKmypbvl, 8 KOMOPbIX 3A30pbl MelCOy HEeNOPUCMBIMU HAHOYACMUYAMU DOPMUPYIOM
meKcmypHbvle Me30- u makponopwl. Ilpu Odobasrenuu x 3moil cucmeme 600bl 8 NPoOYecce MexXaHOXUMUYECKO20
8030€licmeust  Npoucxooum o00pa30eanue KOMHO3UMHOU CUcCmeMbl, Komopas obradaem MuKcOmMponHbLMU
ceovicmeamu. Llenvio pabomuvl 6vi10 u3yueHue HA306020 COCMOAHUA U NAPAMEMPOS CEA3bI6AHUSL BOObl C
NOBEPXHOCMBIO MBEPObIX YACMUY 6 CUCEMAX, COCMOAWUX U3 08yX uacmell 2UOpopuIbHO20 U O0OHOU Yacmu
2uopooOHO20 KpemHezema npu eapvupyemom cooepocanuu 600vl. Memoodamu 1H AMP cnexmpockonuu,
INEKMPOHHOU MUKPOCKORUU, JIA3E€PHOU KOPPEISYUOHHOU CHEeKMPOCKONUU, PeONOSUYECKUX UCCIe008AHULL U3YUEHO
cocmosiHue 600blL U ONpPedeseHbl ee MEPMOOUHAMUYECKUe NAPAMEMPbL, UCCIeO08AHO pACpedeleHue No OUaMempam
yacmuy KoMno3umad. YcmanoeieHo, 4mo 800a 8 medxcuacmuynwix 3azopax xomnosuma A-300/AMI1 uwaxooumcs e
suUde NONUACCOYUAMO8, AHATOSUYHBIX KIACEPpAM U OOMeHAM 6 JHcuokou eode. Ilokazamo, umo ¢ pocmom
KoHyenmpayuu 600vl (om 1 00 4 2/2) 6 Komnosume nOGLIUAEMCS €20 HACHINHAL NAOMHOCb, KOIUYECMEO
CUTBHOCBA3AHHOU 600bl U CYMMApHOe usmMeHenue ee c80000HoU uepeuu. Onpedeneno, umo O KOMNO3UMOE C
PasHou euopamayuell HabIoOarMcst CXoxcue no 8Udy pacnpeoeieHus N0 paouycam Kiacmepos aocopoupo8anHou
60001, 20e udenmuuyupyiomes 0éa maxcumyma npu R =5-7 u 20-30 um, a bonvwas wacmv 600vl 6x00um 6
cOCmag KIACmepHvlx Ccmpykmyp, paouyc kKomopwvlx cocmagisem 20—40wum. Iloxkazano, umo cycneusus,
npueomoeieHHas Ha ochose cmecu 2/1 eudpogunvroeo u eudpopobroeo kpemuezemos u 3 2/2 600vl, 8 3a8UCUMOCTIU
OM MeXaHUYECKOU HAZPY3KU MOJICEM HAXOOUMbCA 8 COCMOSHUU BA3KOU JHCUOKOCIU UMY GIANCHO20 NOPOUWIKA U
UMeem GbICOKUE MUKCOMPONHbIE CEOUCMEA, NPOAGIsIowUecs 8 pazdasieHnblx 0OHbIX cycnensusx. Ilpu
oucnepauposanuil 8 800HOU cpede makol kKomnoum gopmupyem azpecamol ouamempom 80—100 u 200—-1000 um,
umo  ceudemenbcmeyem 06 UHMEHCUGHBIX ~MENCUACMUUHbIX — 63AUMOOCUCMEUsX. DHepausi  63auUMO0etiCmaus.
HOBEPXHOCIU HAHOYACMUY 8 KOMno3ume ¢ 600HOU cpedou yeeamuuueaemcs om 12 oo 18 [oc/e ¢ pocmom
codepoicanust 600bl om 1 00 4 2/2. [1o0 enusinuem cO8U2060l HAZPY3KU 6SI3KOCMb PA30AGIEHHOU CYCHEH3UU
VMEHbUIAEMC sl HA NOPAOOK, a 3ameM 80CCMANHABIUBAEMCSL HA YPOSHE, KOMOPbIL NPebluiaen UCX0OHbLIL NOYmu 6 06d
paza. Ycmanoeneno, umo noayueHHas KOIOUOHAS CUCmeMd 6 B00HOU cpede Heobpamuma u noo GIusHuem
MEXAHUYeCKoU Haspy3Ku 6 paboyem yuiunope UCKOUMEMpd UMEHsiem C8OU 653KOCHHble CEOUCMEA 6 CHOPOHY
VBenUYeHUsI.

Kniouesvie cnosa: muxcomponuvie A61eHUs, MemuaKpemmesem, 2UuOpoOPUibHbIL KpeMHeseM, CEA3aHHAA 600,
'H AMP-cnexmpockonus
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