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The aim of this study was to analyze the temperature and interfacial behavior of water bound to A-300,
A-300/AM1 and Al,Os/AML1 initial and mechanically treated and located in air, chloroform alone or with addition of
trifluoroacetic acid (TFAA) using low-temperature *H NMR spectroscopy and cryoporometry. Properties of
unmodified (A-300) and modified (AM1) (1:1) nanosilicas, as well as nanoalumina, were studied in air or
chloroform alone or with addition of TFAA using *H NMR spectra recorded at different temperatures and related
cryoporometry. In nontreated composite, water interaction with nanosilica (hydration degree h =1.125 g/g)
increases and free surface energy ys grows by five times due to water reorganization into nanoclusters and similar
clusters are absent in cA-300 due to several factors. After the mechanical treatment (bulk density increases to
m ~1.2 glcm®), water interaction energy with nanosilicas becomes smaller (by three times for CDCl; and ten times
for air medium) than that for nontreated composite. The effects of CDCl; are much stronger for water in nontreated
system than those in compacted composite. This is due to reorganization of water affected both by changes in the
confined space effects and the influence of hydrophobic chloroform, which can displace water into small voids
(inaccessible for larger chloroform molecules) or larger voids to reduce the contact area of both liquids. Thus, it has
been shown that the observed influence of the hydrophobic components in complex hydrophobic/hydrophilic systems
on enhancement of water binding to hydrophilic components is the general phenomenon caused by both the confined
space effects and features of interactions of water with various hydrophobic structures such as the surface
functionalities of hydrophobic silica and hydrophobic liquid (chloroform) or proton-donor components (TFAA).

Keywords: hydrophilic and hydrophobic nanosilicas, treated hydrated composites, *H NMR spectra, confined
space effects, bound water organization, freezing-melting point depression

INTRODUCTION main driving forces of water reorganization in
these systems are linked to a criterion of
necessary minimization of contact area between
water and hydrophobic components, both solid
and liquid. Mechanical treatment of complex
systems can result in changes in the structure of
solid components (e.g. highly disperse ones) and,
therefore, in the organization of bound water.
These effects could be maximal for
nanostructured systems (such as fumed metal or
metalloid oxides, FMOQO) because even low
mechanical loading can lead to strong changes in
the organization of hydrophilic/hydrophobic
FMO nanopowders.

Fumed nanosilica A-300 composed of
nonporous nanoparticles (NPNP) of ca. 9-10 nm
in average diameter (specific surface area
SgeT ~ 300 mzlg) has surface silanols
(~ 2-4 OH/nm?) providing hydrophilic properties
of the material [1,2]. Complete hydro-

Various blends of hydrophilic and
hydrophobic matters, e.g. powders, polymers,
etc., are of interest from a practical point of view
[1-9] because they can strongly reorganize water
structure [10-15] and affect the properties of
whole materials such as «dry water» powders or
various emulsions [3-9]. The interfacial behavior
of water bound to a hydrophilic component of
hydrophilic-hydrophobic systems depends on
structure of hydrophilic and hydrophobic
components and dispersion media [12-15].
Confined space effects (i.e. pore morphology and
structure of pore walls) in pure hydrophilic or
hydrophobic systems differ from those in
hydrophobic/hydrophilic blends [12, 13].
Additionally, hydrophobic media (e.g. nonpolar
or weakly polar liquids such as n-decane,
benzene, chloroform, etc.) can strongly affect the
water organization in the complex systems. The
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phobization of A-300 by silanes used to replace
the SiOH groups by trimethylsilyl (TMS) or
dimethylsilyl (DMS) groups leads to a small
diminution of the Sger value and to a small
increase in the size of NPNP. Typically, NPNP
of FMO form aggregates (<1 um in size) and
loose agglomerates of aggregates (>1 um)
[1, 2, 16], and the initial powder has low bulk
density p, ~ 0.05-0.10 g/cm®. Bonding of NPNP
in aggregates and agglomerates is occurred due
to electrostatic and van-der-Waals forces,
practically, without chemical bonds between
NPNP adjacent in the secondary structures.
Therefore, these secondary particles can be
easily decomposed in the agqueous media or
reorganized upon wetting-drying or low-
mechanical loading (hand pressing, grinding in a
mortar, ball-milled, etc.) [13]. Note that wetting
of hydrophobic fumed silica (e.g. AM1) by
nonpolar liquids (e.g. hexane) and drying results
in much smaller compaction of the powder. The
aim of this study was to analyze the temperature
and interfacial behavior of water bound to A-
300, A-300/AM1 and Al,Os/AML1 initial and
mechanically treated and located in air,
chloroform alone or with addition of
trifluoroacetic acid (TFAA) using low-
temperature  'H NMR  spectroscopy  and
cryoporometry.

EXPERIMENTAL AND COMPUTATIONAL
METHODS

Fumed silicas, initial hydrophilic (A-300 with
specific surface area Sger =295 m2/g, bulk
density  p,=0.05¢g/cm®, fumed alumina
(Sger = 89 m%/g, bulk density p, = 0.07 glcm?),
and modified (AM1, Sger = 285 m?/g, A-300 was
hydrophobized using dimethyldichlorosilane)
A-300 samples (Pilot plant of Chuiko Institute of
Surface Chemistry, Kalush, Ukraine), were used
to prepare composites. Before the use,
hydrophilic nanosilica was wetted and dried that
resulted in increased bulk density of the powder
to p,~0.3 g/cm® (compacted silica cA-300).
Hydrophobic AM1 was used as received. A
blend of A-300 (or alumina) and AM1 (1:1)
was prepared by careful grinding of them in a
porcelain mortar for 10 min that gives dry
powder at p, ~ 0.14 g/cm®. To prepare hydrated
powders, 1.1259g (or 0.5g for alumina) of
distilled water was added to cA-300 or
cA-300/AM1 and mixed without mechanical
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loading that gives the mixtures with p,~ 0.6 and
0.3 g/cm®, respectively. Then hydrated cA-
300/AM1 was carefully grinded in the porcelain
mortar to form a dense composite (additionally
pressed in a NMR ampoule) at p, ~ 1.2 glem®.

Microphotographs  (Primo  Star  optical
microscope, Carl Zeiss) of used samples show
some structural features of them.

'H NMR spectra of static samples (placed
into 4 and 5mm NMR ampoules) hydrated at
h =1.125 g H,O per gram of dry silicas in air or
chloroform media (alone or with addition of
trifluoroacetic acid, TFAA) were recorded using
a Varian 400 Mercury spectrometer (magnetic
field 9.4 T, bandwidth 20 kHz) utilizing eight
90° pulses of 3 us duration. Each spectrum was
recorded by co-addition of eight scans with 2's
delay between each scan. Relative mean errors
were less than +10% for 'H NMR signal
intensity for overlapped signals, and +5 % for
single signals. Temperature control was accurate
and precise to within +1 K. The accuracy of
integral  intensities was  improved by
compensating for phase distortion and zero-line
nonlinearity with the same intensity scale at
different temperatures. To prevent supercooling,
spectra were recorded starting at T = 200-210 K
for samples precooled to this temperature for
10 min. Samples were heated to 285 K at a rate
of 5 K/min with steps AT =10 K or 5 K (with a
heating rate of 5K/min for 2min), and
maintained at a fixed temperature for 8 min for
data acquisition at each temperature. The
measurements were carried out in various
dispersion media such as air, chloroform-d alone
or with addition of TFAA (5 : 1). Small addition
of acetone (and tetramethylsilane) to CDCI; was
used as a standard of the chemical shift of the
proton resonance &y =2 ppm for acetone with
respect to tetramethylsilane (64 = 0 ppm).

Changes in the Gibbs free energy (AG) of
bound water were determined from the
temperature dependences of the amounts of
unfrozen water (C,, in mg of water per gram of
dry sample) at T = 200-273 K [13] and tabulated
AG data for ice. The area under the AG(Cy)
curve determines interfacial Gibbs free energy
(the modulus of overall changes in the Gibbs free
energy of bound water due to interaction with a
surface)
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Ccmax

Vs = -A J. AG(Cuw)dcuw ) (1)
0

where C;” is the total amount of unfrozen

water at T=273K, and A (>0) is a constant
dependent on the type of units used in this
equation. The average melting temperature <T,>
was calculated using formula [13]

TO TO
<T,>= [ TC,,(M)dT/ [ C,(T)dT,

T

min Tmin

(@)

where To = 273.15 K, and Tpi, is the temperature
corresponding to Cy,, = 0.

Applications of this method and NMR
cryoporometry to nanooxides were described in
detail elsewhere [13]. Note that signals of
immobile (frozen or representing macro-
structures) molecules and functionalities of
particles were not registered due to a narrow
bandwidth (20 kHz) and the use of static
samples. Changes in the Gibbs free energy (AG)
of bound water were determined from the
temperature dependences of the amounts of
unfrozen water (C,, in mg of water per gram of
dry sample) at T = 200-273 K [13] and tabulated
AG data for ice. The area under the AG(Cyy)
curve determines interfacial Gibbs free energy
(the modulus of overall changes in the Gibbs free
energy of bound water due to interactions with a
surface) [12,13]. Water can be frozen in
narrower pores (or voids between nanoparticles)
at lower temperatures as described by the
Gibbs—Thomson relation for the freezing point
depression for liquids confined in cylindrical
pores at radius R [13, 17-19].
AT, =T, (R)-T,, — ootz _ Ko (3)

©  AH,pR R

where Ty(R) is the melting temperature of a
frozen liquid in pores of radius R, Tp. the bulk
melting temperature, o the density of the solid,
oy the energy of solid-liquid interaction, AH;¢ the
bulk enthalpy of fusion, kg is a constant, and for
water bound to nanosilica kgr=67 K:nm.
Differential size distribution of unfrozen water
structures can be calculated as follows [13]:
dav,, (R A dC

:JjWR( )——(T ( ) )2 uw(T)’

4
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ISSN 2079-1704. CPTS 2018. V. 9. N 4

343

where V,(R) is the volume of unfrozen water in
pores of radius R, C,, the amount of unfrozen
water per gram of adsorbent as a function of
temperature, and A is a constant.

The f(R) = dV/dR function can be converted
into the distribution function fs(R) with respect to
the specific surface area in contact with unfrozen
water or other liquids [13]

w V(R
LRI = R (L (R)- 1), ©)
where w=1,2 and 136 for slitshaped,
cylindrical pores and voids between spherical
particles packed in the cubic lattice, respectively.
Integration of the fy(R) and fs(R) functions at
R<1nm, 1nm<R<25nm, and
25nm <R <100 nm gives the volume and the
specific surface area of nano-, meso- and
macropores. The specific surface area (Sy.) of
adsorbents in contact with bound water
(assuming for simplicity that the density of
unfrozen bound water p,, =1g/cm®) can be

determined from the amount of this water CJ)*

(estimating pore volume as Vi, = Ci/ow) at

T=273.15K and pore size distribution f(R)
(used to estimate the average pore radius R,)
with a model of cylindrical pores [13]:

max Rmax
5, = Vo _ 2Cu” [ f(R)R/ If(R)RdR,

uw
2Rav UW  Riin Rmin

where Rpyin and R are the minimal and
maximal radii of pores filled by unfrozen water,
respectively. In the case of calculations of the
structural characteristics ~ of  nanopores
(R <1nm), mesopores (1 nm<R<25nm) and
macropores (R>25nm), the Rpmin and Rpma
values are the boundary R values for the
corresponding pore types (including

Rmin = 0.2 nm for nanopores), and the C\»> / p,,,

value should be replaced by the corresponding
values of the volumes of nanopores, mesopores,
Or macropores.

The S4(T) function depends on the number of
possible configurations of the water molecules in
the hydrogen bonds network strongly affected by
solutes, functionalized surface, and dispersion
media [12,13]. This number is inversely
proportional to the average number of the
hydrogen bonds <nyg>, according to the
hydrogen bond entropy definition S ~kglnnyg

(6)
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[20]. Therefore, the temperature derivative of the
measured fractional chemical shift [20]

_(5|n5(T)] :_(8In<nHB >j N(@j )
a ), or ), \oT),

should be proportional to the constant pressure
specific heat Cp(T) (Cp = T(0S/OT)p).

Quantum chemical calculations of relatively
small models (<400 atoms) were carried out
using density functional theory (DFT) method
with a hybrid functional ©B97X-D [21-23]
(labeled as wB97XD in Gaussian 09) with the
cc-pVDZ basis set using the Gaussian 09
program suit [21]. The solvation effects were
analyzed using the solvation method SMD [24]
implemented in Gaussian 09. The gauge-
independent atomic orbital (GIAQO) method [21]
was used to calculate the NMR spectra of certain
water clusters (up to 100 H,O). Larger models
(up to 15000 atoms) were calculated using the
PM7 method with the MOPAC 2016 program
suit [25, 26]. Visualization of the calculated
structures was carried out using GaussView 5.09
[27], ChemCraft [28] or Chimera [29] program
suits.

The &y values were calculated as the
difference in the isotropic values of the magnetic
shielding tensors of H atoms (oniso) Of
tetramethylsilane, TMS (Sytms=0ppm) as a
reference compound (e.g. oniso =31.76 and
31.40 ppm for TMS by GIAO/B3LYP/6-31G(d,p)
and GIAO/wB97X-D/cc—pVDZ, respectively)
and a given compound using equation [21]

1 1
5H = gTrO'HYTMS —gTrO'H . (8)

where Tr is the trace of matrix, since o is the
tensor with nine elements. The distribution
functions of the & values were calculated using
a simple equation [13]

f(5,)= (2;;02)*’-52exp[—(5j -8, 125°],  (9)

where j is a number of H atom, o° is the
distribution dispersion, and & is the calculated
value of the j-th H atom. To calculate the f(&y)
functions using the PM7 results, a calibration
function was used to describe the dependence
between atomic charges gy (PM7) and the oy
values (GIAO/wB97X-D/cc—pVDZ) for water
clusters (o = —27.38435372 + 83.67491184xq).

This function was used to calculate the *H NMR
spectra of water clusters bound to silicas.

RESULTS AND DISCUSSION

The *H NMR spectra of water bound to A-300
or A-300/AM1 mechanically nontreated (Fig. 1)
or treated (Figs.2 and 3) show (Fig.4) a
decrease in signal intensity and a certain
downfield shift with decreasing temperature.

Fig. 1. Initial composite of cA-300/AM1 without
mechanical treatment

b

Fig. 2. Treated hydrated cA-300/AM1 composite in
(a) reflectance and (b) transmittance mode

ISSN 2079-1704. CPTS 2018. V. 9. N 4
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Both effects are due to freezing-out of weakly
bound water (WBW, Tablel, C,") at
260 K < T <273 K and freezing-out of strongly
bound water (SBW, Table1, C,.°) at lower
temperatures T <260K (Fig.5). Stronger
hydrogen bonds of water molecules with surface
silanols (Gibbs free energy of adsorbed water
AG < 0) than those with other water molecules
and the effects of the electrostatic field of silica
cause greater deshielding of the protons of SBW
than that of WBW or bulk water [13].

Similar effects are observed for mixtures of
hydrophilic fumed alumina and hydrophobic
AML1 in air, hydrophobic chloroform alone or
with addition of strongly hydrophilic TFAA
(Fig. 6). Thus, the hydrophobic components
(AM1, CDClI,) of the systems enhance the water
binding in the hydrophilic alumina.

b

Treated hydrated cA-300/AM1 composite in
reflectance mode of different magnification
scale bar of 50 (a) and 10 pum (b)

Fig. 3.

The amount of SBW significantly increases
for untreated cA-300/AML1 (in air) in comparison
with cA-300 in air (Fig. 5, Table 1). This leads to
a decrease in AGs (changes in the Gibbs free
energy of SBW) and increase in ys (Table 1), and

ISSN 2079-1704. CPTS 2018. V. 9. N 4
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the average melting temperature <T,,> decreases
by 11.4 K, but the &, values decrease (Fig. 7 a).
The main reason of these effects is the changes
in the organization of unfrozen water (Table 1, S
and V, Fig. 8) with an increase in contributions
of nanostructures (R < 1 nm) and mesostructures
(1 nm <R <25nm). The latter is well observed
in the differential unfrozen water cluster size
distributions (UWCSD) (Fig. 8 a, curves 1 and 2).

If the dispersion medium is weakly polar
(CDCly), then the organization of water bound to
untreated cA-300/AM1 strongly changes since
water tends to decrease the contact area with
chloroform (because water and chloroform are
immiscible liquids). This can be provided by an
increase in the size of water clusters/domains
having smaller surface area than smaller clusters
(Table 1, S and V) or location of water molecules
in pores (voids) inaccessible for larger CDCl;
molecules [13].

In the case of treated cA-300/AML1 located in
air, the water organization (e.g. SBW/WBW
ratio, the S and V values, <T,>, vs, AG;, Table 1)
is similar to that of water bound to cA-300 alone
(Table 1, Figs. 4-8) despite strong compaction of
the system upon mechanical treatment and the
presence of hydrophobic AML1. For the latter, the
Oy Vvalues decrease but entropy increases (Fig. 7,
curves 1 and 4). The samples with mechanically
nontreated and treated cA-300/AML1 located in
air are strongly different. Compaction of the
composite leads to a decrease in the amounts of
SBW, vys value, and contribution of small water
clusters (Fig. 8, curves2 and 4). This system
could represent AMI1 aggregates (cores)
surrounded by hydrated cA-300 aggregates
(shells), i.e., compacted core-shell agglomerates
are formed (Fig.9, inserts). The amount of
residual air bubbles in this system is small (since
m~12g/em® and possible true density of
CA-300/AM1 at h=1.125g/g could be
~ 1.54 g/cm®, and segregation of hydrophilic and
hydrophobic silicas is not observed in the
aqueous media).

Nontreated cA-300/AM1 composite easily
wetted by chloroform can form stable suspension
(without segregation) in chloroform. Chloroform
can displace small water clusters from relatively
narrow voids between NPNP, water forms larger
structures (Fig. 8), and the water interaction
energy with nanosilica decreases (Table 1, ).
The chloroform effects for mechanically treated
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composite are much smaller (Figs. 5-8, curves 4
and 5, Tablel) than those for nontreated
composite (curves 2 and 3). This difference is
due to several factors: (i) py increases and empty
volume (voids between NPNP filled by water

e

or/and chloroform) decreases; (ii) core-shell
agglomerates are formed during mechanical
treatment of the mixture; (iii) accessibility of
narrow voids for chloroform  molecules
decreases.

f

Fig. 4. ™H NMR spectra recorded at different temperatures for samples at constant h = 1.125 g/g (a) cA-300 in air,
nontreated cA-300/AM1 in (b) air and (c) CDCl; (with addition of acetone and TMS), mechanically treated
(py= 1.2 glem®) cA-300/AM1 located in (d) air, (&) CDCls, and (f) 5SCDCI/1TFAA (signals at 0 and 2 ppm
are due to added tetramethylsilane and acetone, respectively)

ISSN 2079-1704. CPTS 2018. V. 9. N 4
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a b

Fig. 5. (a) Dependence of the amounts of unfrozen water C,,, vs. temperature and (b) relationship between the C,,
values and changes in the Gibbs free energy of water bound in samples (at constant h = 1.125 g/g for all
samples): (curve 1) cA-300 in air, non-treated (MNT) cA-300/AML in (2) air and (3) CDCl;, mechanically
treated (MT) (pp ~ 1.2 g/cm®) cA-300/AM1 in (4) air, (5) CDCls, and (6) 5CDCly/1TFAA

a b

Fig. 6. Dependence of the amounts of unfrozen water C, vs. temperature in Al,O; and Al,O3/AM1 (at constant
h = 0.5 g/g for all samples) (a) non-treated and (b) treated samples located in different dispersion media: air,
CDCls;, and 5CDCI/ITFAA

a b

Fig. 7. (a) Dependence of the 6y values for unfrozen water vs. temperature and (b) function —T(0(Ind(T))/oT)p vs.
temperature (describing changes in entropy of water) for water bound in samples at constant h = 1.125 g/g:
(curve 1) cA-300 in air, non-treated (MNT) cA-300/AML1 in (2) air and (3) CDCl;, mechanically treated
(MT) (pp = 1.2 glcm®) cA-300/AM1 in (4) air, (5) CDCl,, and (6) 5CDCI3/1TFAA

ISSN 2079-1704. CPTS 2018. V. 9. N 4 347
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Influence of solid and liquid hydrophobic compounds on characteristics of water located in an adsorption layer

a

b

Fig. 8. Unfrozen water cluster size distributions (UWCSD) (a) differential and (b) incremental for water bound in
samples at constant h = 1.125 g/g (curve 1) cA-300 in air, non-treated (MNT) cA-300/AML1 in (2) air and
(3) CDCl;, mechanically treated (MT) (py~ 1.2 g/cm®) cA-300/AM1 in (4) air, (5) CDCls;, and (6)

5CDCI/1TFAA

Addition of TFAA to chloroform leads to
acid penetration into bound water, water signal
shifts toward larger values (Figs. 4 and 8), and
the ys value increases due to dissolution of the
acid in bound water. The colligative properties of
the acid/water mixture «overlap» with the
confined space effects (Figs.4-8, Table 1).
However, the water clusters located in narrow
voids possess lower activity as a solvent than
bulk water or water located in broad pores.
Therefore, compaction of the composite causes
certain negative effects on the colligative
properties of the acidic solution. For example,
the ys value is smaller for the compacted
composite  located in  CDCI/TFAA in
comparison to that for nontreated composite
located in air, but it is slightly greater than that
for CDClI; (Table 1).

The theoretical calculations of hydrated core-
shell aggregates of two types with hydrophilic or
hydrophobic core and opposite shell (Fig. 9)
show that in the case of hydrophilic core —
hydrophobic shell, water molecules are less
associated (i.e. the &y values are lower, Fig. 9,
curve 3) than in the case of the opposite structure
(curve 4). The water structure is less ordered in
the case of bounding to silica clusters (Fig. 9,
curves 3 and 4) than in the case of free water
clusters (Fig. 9, curves 1 and 2). This disordering
leads to freezing/melting point depression for

bound water observed in the H NMR
experiments (Figs. 4-7).
ISSN 2079-1704. CPTS 2018. V. 9. N 4
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Fig. 9. Theoretically calculated *H NMR spectra of
(1) 100 ®B97X-D/cc-pvVDZ), (2) 5000H,0
(PM7 with a correlation function of &y vs.
gn), (3) hydrophilic silica cluster with 22
tetrahedrons (SiO,,) and 160H surrounded
by 65H,0 and six hydrophobic silica clusters
with 22 tetrahedrons with 15 trimethylsilyl
(TMS) groups and OH group (residual in
place inaccessible for silane molecule to
react with SiOH), and (4) hydrophobic silica
cluster with 8 tetrahedrons (SiO,,) and
8 TMS groups surrounded by 18 hydrophilic
silica clusters with 8 tetrahedrons (each with
80H) and water molecules (387H,0);
spectra 3° and 4’ include all H in the
systems, but curves 3 and 4 are linked to H
only in water molecules
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CONCLUSIONS

The hydrophilic/hydrophobic properties of
unmodified and modified nanosilicas differ in the
case of the formation of hydrated composites
initial and after certain mechanical loading.
Additionally, changes in the dispersion media
(e.g. air > hydrophobic liquid) affect the
organization of water bound to nanosilicas, and

composite is formed at p,~ 1.2 g/cm® (only by
22 % lower than maximum possible true density
of the system with A-300/AM1/water studied).
The interaction energy of water with nanosilicas
in the compacted composite is smaller (by three
times for CDCIl; and ten times for air as a
dispersion medium) than that for nontreated

composite. Note that the effects of CDCl; are
much stronger for water bound to nontreated
system than that for compacted composite.
Similar effects are observed for alumina/AM1
systems. Thus, the observed influence of the
hydrophobic components in complex
hydrophobic/hydrophilic systems on enhancement
of water binding to hydrophilic components is a
general phenomenon. The effects studied are of
importance on  practical applications  of
composites with nanooxides because they
demonstrate relatively simple pathways of strong
changes in the properties of composites, which
can be used per se or as additives, polymer fillers,
etc. in more complex systems.

changes in the organization of bound water
strongly depend on the mechanical loading due to
the reorganization of the particulate morphology
of the materials. The formation of cA-300/AM1
composite (gentle mixing without mechanical
loading) leads to a significant increase in the
interaction of water (at h = 1.125 g/g constant for
all samples studied) with nanosilica since the
value of free surface energy s increases by five
times. This occurs due to reorganization of water
forming small nanoclusters in voids between
nonporous nanoparticles in the composite, since
small water nanoclusters are practically absent in
cA-300 alone. After simple mechanical treatment
of the composite in a mortar, more comparted
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B.B. Typos, B.M. I'ynsko, T.B. Kpynceka, M.T. Kapreas

Inemumym ximii nogepxui im. 0.0. Yyiixa Hayionanvnoi akademii nayx Yrpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Vkpaina, v_turov@ukr.net

Mema pobomu nonsiecana 6 0emanbHOMY AHALI3 MeMNepamypHoi i MiocgasHol nosedinku 80du, sika 0yia
adcopbosana na 2iopogpinbromy Kpemmesemi okpemo uu 6 cucmemax A-300/AM1 ma Al,O3/AM1, suxionux ma
MexXaHiuHo 00pobaeHUX, AKI OVAU ) PI3HUX OUCHEPCIlIHUX Ccepedosuwyax: nosimps, Xaiopogopm, yucmul uu 3
oooasannam TOOK, memodamu AMP *H cnexmpockonii ma kpionopomempii, ons usnauenns eniugy 2iopogpoonux
KOMROHEHm cucmemu Ha adcopbosany o0y. Memoodamu SIMP 'H CnexkmpocKonii ma Kpionopomempii 6yi10 usuero
enacmugocmi cymiwi nemoougirosarnozo (A-300) ma moougpixosanoeo (AML) (1:1) nanoxpemmnesemis, a maxosic
AlLO3, na nosimpi ma y xnopogopmi, uucmomy ma 3 dooasanuim TOOK. V euxionomy komnosumi 63aemoois 600u 3
2iopoginerum nanoxpemnesemom (eiopamayis h = 1.125 2/2) spocmac i nosepxnesa enepeis sminioemocs y 5 pasie
sHacniook peopeanizayii 6oou, sxa éiocymusn y CA-300 6es AML. Iicia mexaniunoi 06pobru (nacunua eycmuna p,~
1.2 alcw®), enepein 63acmodii 600u 3 namoxpemmesemom smenuyemoca (v mpu pasu ¢ CDCly ma y 10 pasis na
nogimpi) y nopisusnui 3 Heoopoonenum xomnozumom. E¢pexm CDCl3 € cunvriuum ons 600u y neobpobaeniii cymiuii,
Hidic nicas it mexaniynoi 00pobku. bByno susnaueno, wjo enius 2iopoghoOHUX KOMNOHEHM Y KOMIIEKCHUX 2I0pO@OOHO-
2I0poinbHux cucmemax Ha NOCULCHHS 38’ A3YBAHHS 800U 3 2i0POPINTbHUMU KOMROHEHMAMU € 3A2ATbHUM ABULEM.

Knrouosi cnosa: ziopogineni ma 2iopooOHi HAHOOKCUOU, MEXAHIYHO 00pPOONeH] 2iOpamo8aHi KOMROZUMU,
1 . . ..
AMP “H cnexkmpu, egexmu o0b6Mmenceno2o npocmopy, Opeanizayis 36’A3aH0i 800U, 3HUNCEHHS MeMnepamypu
3aMEP3AHHA-POIMEP3ANHS
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Bausinue TBepAbIX U KUAKUX THAPO(POOHBIX coOeTMHEHHI HA XaPAKTePUCTUKHU BO/BI,
JIOKAJIU3UPOBAHHON B aICOPOLIMOHHOM ¢JI0e THAPO(PUIbHOI KOMIIOHEHTHI CHCTEM

B.B. Typos, B.M. I'ynsko, T.B. Kpynckas, H.T. Kaprean

Hnemumym xumuu nosepxnocmu um. A.A. Yyixo Hayuonanvnou axademuu nayx Yepauol
yia. enepana Haymosa, 17, Kuee, 03164, Vrpauna, v_turov@ukr.net

Lleav pabomwei 3akmouanacsy 6 O0emanbHOM aHANU3e MEMNEPAMYPHO20 U MEAHCHA3ZH020 NOBeOeHUs BOOb,
Komopas Owlia aocopouposana Ha 2uOpoPuibHOM Kpemnezeme omoeavho umu 6 cucmemax A-300/AM1 u
AlL,O3/AM1, ucxoonwix u mexanuuecku o6pabomantbix, Komopoie ObLIU 6 PA3HBLIX OUCHEPCUOHHBIX CPEOax: 8030)X,
xnopogpopm, uucmeitl unu ¢ oodasnenuem TO®YVK, memooamu AMP 1H cnexmpockonuu u Kpuonopomempuu, 0/s
onpedenienus 6IUAHUA 2UOPOPOOHBIX KOMHOHEHM CUucmemsl HA adcopouposannyio 800y. Memodamu AMP 1H
CREeKMpOCKOnuY U KpUOnopomempuu  usyuenvl  ceoticméa cmecu  nemoouguyuposannozo  (A-300) u
moougpuyuposannozo (AM1) (1:1) nanoxpemneszemos, a maxce Al,Os, na 6030yxe u 6 xropogopme, wucmom u c
Odobasnenuem TDPVK. B ucxoomom xomnosume e83aumoolelicmsue 600bl C 2UOPOQPUILHLIM HAHOKPEMHE3eMOM
(euopamayus h = 1.125 2/2) pacmem u nogepxnocmunas suepeust usmensiemcsi 6 5 pas écieocmeue peopeanHu3ayuu
60061, omcymemeyem & CA-300 6e3 AML. Iocre mexanuueckoii obpatomxu (nacemnuasn niomuocme py= 1.2 2lcnd),
oHepaus 83aUMOOeUCmeUst 600bl ¢ HaHoKpemuesemom ymenvuaemes (6 mpu pasza ¢ CDClz u 6 10 pasz ¢ 6030yxe) no
cpasnenuio ¢ neobpabomanmnvim komnozumom. dppexm CDClz sersemen cunvnee ons 600vl 6 Heobpabomannoil
cMmecu, uem nociie ee mMexanuueckol obpabomku. bviio onpedeneno, umo enusnue 2uOpopoOHbLIX KOMNOHEHm &
KOMAAEKCHBIX ~ 2UOPOPOOHO-2UOPOPUIbHBIX cUCmeMax HA YCUNeHUe C8A3bl8aAHUss 800bl C  2UOPOPUILHBIMU
KOMNOHEHMAaMU AGNAIOMCS 00UUM ABTICHUEM.

Knrwuesvie cnoea. cuopoduivnvie u  2u0pooOHble HAHOOKCUOLL, MeXAHUYecKu obpabomanHvle
1
auopamuposannvle komnosumol, AMP “H cnexkmpol, s¢hhexmol o2panuuenino2o npocmpancmed, Op2aHu3ayusl
CBAZAMHOU B00bL, NOHUNCCHUE MEMNEPAMYPbL 3AMEP3AHUS-PAZMEDIAHUSL
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