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Abstract. The glauconite-polyaniline composites were
prepared through oxidation of aniline using ammonium
peroxodisulfate in aqueous solutions of phosphoric acid
on the surface of a glauconite powder. Intermolecular
interaction between amorphous polyaniline macromo-
lecules and interphase coupling of polyaniline to the
glauconite surface was confirmed by X-ray diffraction and
FT-IR spectroscopy. Higher concentration of phosphoric acid
led to a stronger intermolecular and interphase connection
because of H-bonding, and that resulted in higher electric
conductivity while a magnetic susceptibility of the
composites was not affected. Thermal analysis for the
prepared composites confirmed the interfacial interaction
between the polyaniline macromolecules and the surface of
powdered glauconite.

Keywords: glauconite-polyaniline composite, structure,
electric conductivity, magnetic susceptibility, thermal
stability.

1. Introduction

Preparation and characterisation of composite
materials made of organic polymer and inorganic
substances have been an important scientific problem for
quite a time [1, 2]. Among a huge variety of such materials,
the composites where inorganic component is natural or
clay mineral (NM or CM, respectively) attract special
attention. In most cases, NM are aluminosilicates
constructed from a different number of nanosized layers of
[AIO;(OH);]* octahedrons (O) and layers of so-called
[SiO4]* tetrahedra (T) packages, separated by emptiness
filled by hydrated ions (mainly Na" and Ca®"), for example,
montmorillonite (T-O-T) or kaolin/kaolinite (T-O) [5].
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The emptiness between the parallel aluminosilicate layers
has become an important construction element that is
particularly desirable for intercalated composites [5].

Among organic components for composites, none-
lectroconductive polymers were studied more extensively
as compared to the electroconductive ones [2-4]. Also,
polyaniline (PAn) as one of the most popular electro-
cunductive organic polymers started to be used for
composite preparation [5]. In addition to functional
properties of the prepared composite [6], the usage of
these cunductive polymers results in higher electric
conductivity and even mechanical stability [7]. Depending on
the NM nature and method of NM-PAn composite
preparation, they are divided into three groups: 1) unmixed,
or phase separated; 2) intercalated; and 3) delaminated
composites [5]. Impregnation of NMs in aqueous solutions
of acids, usually taken for the composite preparation, leads to
the negative charge of their surface, providing for cation
adsorption of aniline and promoting delimination of NMs
[8]. Therefore, the ratio between PAn and NM should be
accountable for the structure and properties of the
prepared composites [5]. In addition to that, additive
screening aimed at controlling PAn properties is also very
much advisable [9].

Glauconite (G) is a very well studied NM, it
belongs to the group of hydromicas of laminated silicates
subclass and is considered to be aqueous aluminosilicate
of potassium, magnesium and iron [10]. It is a globally
popular mineral with quite a high content in rock (70—
80 %). It was not used as inorganic component during
composite preparation till 2010 [11], most probably,
because of difficulties with cleaning it from impurities
[12]. Recently, G-PAn composites preparation has been
carried out using mechanochemical [13] or chemical
methods [14-20] with different content of inorganic
component and several aqueous solutions of acid-dopants
for PAn (e.g. chloride [14], sulfate [15], phosphoric [16],
oxalate [17], apple [18], and citric acids [19, 20]).
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Ammonium peroxodisulfate was used as an oxidizer for
aniline. Comparative analyses of the structural, thermal,
electrical and magnetic properties of the composites were
carried out in [11-22]. These studies suggest mainly
amorphous PAn with 1,4-binding of aniline molecules in
their macromolecular chains, and also availbiltly of
interphase connection between G and PAn. Higher values of
electric conductivity for G-PAn composites were found in
the case when acid-dopants were used [21]. Since phosphoric
acid can be considered as a stable acid-dopant for PAn, it
might be used during both electrochemical [23, 24] and
chemical synthesis of PAn [25-30], as well as G-PAn
composite preparation using a chemical method [31-33].

The present work is a continuation of G-PAn
composite optimisation regarding their structure, electric
conductivity, and magnetic susceptibility.

2. Experimental

2.1. Reagents and Materials

Aniline (C¢HsNH,, 99%), ammonium peroxo-
disulfate ((NH4),S,0s, 98%), and phosphoric acid (H3PO.,
85%) were delivered from Sigma Aldrich. Distilled water
was used as a solvent during all chemical syntheses. G
(97-98%, average particle size <20 p) was taken for the
composite preparation as in [22]. The mass ratio between
G and PAn was 1:1.

2.2. G-PAn Composite Preparation

PAn and G-PAn samples were obtained through
chemical oxidation of aniline by ammonium peroxodisulfate
in aqueous solutions of phosphoric acid (0.1, 0.5, 1.0 or
2.0M, Table 1). Molar ration between aniline and
ammonium peroxodisulfate was 1:1.1. G (1 g) was added to
80 ml of aniline in phosphoric acid and stirred at 293 K for
1h and then untrasonicated for 10 min. Ammonium
peroxodisulfate (20 ml) in phosphoric acid was dripped into
aniline solution or G suspension in aniline during stirring
for 1 h, followed by continuous stirring of
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the prepared mixtures for another 1h. The obtained
composites were kept for a day, and then filtered and
washed with distilled water till the neutral pH value.
Finally, they were dried in vacum (1-10 Pa) at 333 K
during 24 h and crushed in a porcelain mortar.

2.3. Materials Characterisation

Powder X-ray diffraction (XRD) patterns were
collected using Cu Ka radiation (1.54056 A) at the voltage
of 40kV and beam current of 40 mA on a DRON-4-07
instrument. The samples were deposited on a zero
background Si sample holder. Data acquisition was
performed with a step size of 0.02° and 7 s/step measurement
time within the 26 range of 5—50°.

Fourier transform infrared (FT-IR) spectroscopy was
used for detecting organic functional groups within the
wavenumber range of 4000-650 cm”. The FT-IR mea-
surements were performed in a transmittance mode with a
NICOLET iS10 instrument, THERMO SCIENTIFIC. Data
exposition was taken in 256 scans at the resolution of 4 cm '
and data spacing of 0.482 cm . For each sample, a collected
background (FT-IR for an empty sample holder) was
measured to make spectral subtraction in the same
conditions.

Values of electric conductivity were calculated
according to the method described in detail in [34]. Magnetic
susceptibility was obtained through Faraday approach using
EM-5-ZMP microbalance [35] within the magnetic field
from 100 to 900 kA-m ' and vacuum of 0.1 Pa at 293+1 K
[20].

Thermal analysis of powdered samples was
performed using a Q1500-D derivatograph (IOM, Hungary)
in the temperature range of 293—1173 K with a heating rate
of 10 K/min in air. Standard Al,Os crucibles filled with a
sample weight of 100 mg were used. Thermogravimetry
(TG) including differential thermal analysis (DTA) and
differential thermogravimetry (DTG) was applied to estimate
the effect of temperature and chemical composition on
thermal stability of the prepared G-PAn composites.

Table 1

PAn and G-PAn samples prepared
in aqueous solution of phosphoric acid

Symbols for samples C(H;PO4), M Sample output, 0.5 %
PAn (0.1) 01 86.6
G-PAn (0.1) ' 71.4
PAn (0.5) 05 93.5
G-PAn (0.5) ' 78.5
PAn (1.0) 10 99.1
G-PAn (1.0) ' 84.8
PAn (2.0) 20 99.5
G-PAn (2.0) ' 89.1
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3. Results and Discussion

3.1. The Structure of the Prepared PAn
and G-PAn Composites

Prepared PAn and G-PAn samples contained PAn
doped by phosphoric acid. Sample output is within the
range of ~71-99 % and correlates well with an acid
concentration value, though the output of G-PAn is lower
as compared to those of PAn samples (Table 1). Increase
in phosphoric acid content results in higher values of the
output for both PAn and G-PAn samples. XRD for PAn
(0.1) sample suggests an amorphous material (Fig. la,
curve I), while for PAn (0.5), PAn (1.0) and PAn (2.0)
(Fig.1a, curves 2-4) two sharp peaks at 260 = 20.70° and
260 = 25.29° can be traced, in addition to a wide amorphous
halo. Most probably, they mean periodic crystalline regions
that correspond to parallel and perpendicular orientations
of macromolecular PAn chains [14, 15, 20, 22, 23, 31]
inside their amorphous array. For all samples, PAn is
considered in two forms — emeraldine base (EB) and salt
(ES) of phosphoric acid [14, 15, 20, 22, 29, 31, 36]. XRD
pattern for PAn (0.1) is a bit different from others (Fig 1a)
since the peak position responsible for EB in this sample
is shifted to lower 26 values and equals to 19.86°, as
compared to 20.70° for other PAn samples. Higher
intensity of the peak at 25.29° correlates with the increase
in the C(H5PO,) value, meaning higher crystallinity of
PAn because of the increase in ES content.

Diffraction patterns for the prepared G-PAn
composites (Fig.1b, curves 1-4) are quite similar to that of
pure G (Fig.1b, curve 5) [14, 15, 22]. The most intense
peaks at 26 of 21.3° and 27.8° confirm the presence of G
in the composites. Appearance of a weak diffraction peak
at 20 = 5.88°, which corresponds to T—O-T basal
interplanar distance, might be considered as resulting from
the existence of a partially intercatated composite.
Additional small peak is visible at the position of 8.57,
8.97, 8.91 and 8.51°, for G-PAn (0.1), G-PAn (0.5), G-
PAn (1.0) and G-PAn (2.0) composites, respectively.

A set of characteristic bands within the range of
4000-650 cm™' for FT-IR spectra of PAn samples
corresponds only to PAn [14-20, 22, 23, 26-30] (Fig. 2a).
Low intensity bands at ~3220, ~3050 and ~2907 cm '
might be attributed to H-bonding between macro-
molecular PAn chains with the involvement of amino
(-NH-) and protonated amino (=N"-) groups [28]. Broad
and intense band within the range of 3400-1640 cm™',

promoted by the appearance of (=N"-) groups [28, 30],
leads to the masking of the valence vibrations of -NH-
and C—H groups of aromatic cycles as well as reflections
of the H-bonding. The bands at 1567 and 1485 cm ' (Fig.
2a, curve 1) correspond to valence vibrations of quinidine
(Q) and benzenoid (B) component in PAn macro-
molecules, which is an important feature of PAn
characterization/identification [14-20, 22, 23, 26-33].
Intense band at 1286 cm ' is due to the vibrations of C-N
bonds in B component, while a band at 1229 cm ' and a
shoulder at 1125 cm ' correspond to valence vibrations of
polar C-N"" and C-N" bonds in Q component, respectively
[14-20, 22, 23, 26-30, 33, 36, 38]. An increase in the
C(H3PO,) value results in a small shift (3-14 cm ') of the
main characteristic bands towards lower wavenumbers
(Table 2). This fact might be accounted for by
amplification of the conjugation effect in macromolecular
PAn chains because of acid-dopants [27, 31]. It should be
noted that the increase in phosphoric acid concentration
correlates with the ratio between intensities for a couple of
peaks at ~1286 and ~1229 cm™'. For example, for PAn
(2.0) sample the intensities of these peaks are almost equal
(Fig. 2a), confirming a higher protonation of C-N" groups
in PAn macromolecules [36]. The observed broad band
within the range of ~1200-900 cm™' with the maximum at
1098 cm ' is very similar to the value found in [27, 28,
33] and constitutes an integrity of several bands, in
particular ~1125, ~1028 and ~965cm . These peak
positions are referred to valence vibrations of C-N"
bonds, as well as symmetric valence vibrations of sulfates
(HSO4™ and SO,%) as recovery products of ammonium
peroxodisulfate reduction [27, 28, 36] and symmetric
valence vibrations of phosphates (H,PO, and HPO,»)
[27, 37] because of acid-dopants, respectively. The
broadening of this band is caused by the protonation effect
of (=N"-) groups that are very sensitive to acid-dopant
anions [27, 28, 33]. The intensity of sharp peak at
~1028 cm ' decreases with the increase of C(HsPOj)
value and for PAn (2.0) sample becomes equal to that of
the shoulder at 965cm ' (Fig. 2a, curve 4). Most
probably, this fact is caused by H,PO, groups in PAn.
Since H,SO, content in the sample did not change, the
increase in C(H3;POy4) reduces pH value in the reaction
mixtures. Therefore, the higher intensity of the shoulder at
1229 and 965 cm ' occurs with the increase in C(H3PO,)
value. A small peak at ~795 cm ' corresponds to out-of-
plane deformation vibrations of C-H bonds of 1,4-
substituted benzenoid cycles in macromolecular PAn
chains [33, 36].
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Fig. 1. XRD for PAn (a) and glaucopnite-PAn composites (b). For (a): / — PAn (0.1); 2—PAn (0.5); 3—PAn (1.0);

4—PAn (2.0). For (b): I — G-PAn (0.1); 2— G-PAn (0.5); 3 — G-PAn (1.0); 4 — G-PAn (2.0); 5 — pure G
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Fig. 2. FTIR spectra for PAn (a) and glaucopnite-PAn composites (b). For (a): / — PAn (0.1); 2—PAn (0.5); 3—PAn (1.0);

4—PAn (2.0). For (b): I — G-PAn (0.1); 2— G-PAn (0.5); 3 — G-PAn (1.0); 4 — G-PAn (2.0); 5 — pure G

Table 2
FT-IR spectra analysis of the prepared PAn and G-PAn composites
Wavenumber + 1, cm™
Sample Y v v +v
N=0=N N-B-N C-N C-N "V C-N C-H”
PAn (0.1) 1567 1485 1286 1233 1122 795
PAn (0.5) 1563 1480 1289 1239 1125 789
PAn (1.0) 1557 1444 1285 1235 1125 780
PAn (2.0) 1553 1444 1283 1232 1122 770
G-PAn (0.1) 1567 1485 1297 1234 1129 793
G-PAn (0.5) 1564 1481 1242 1126 788
G-PAn (1.0) 1557 1479 1290 1240 1125 784
G-PAn (2.0) 1561 1481 1288 1239 1134 792

Notes: s is symmetric; v is valence; p is plane; op is out-of-plane; Q is quinidine and B is benzenoid cycle
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FT-IR spectra for the prepared G-PAn composites are
characterized by reflections of both PAn and G (Fig. 2b). The
presence of G indicates the intensive characteristic band of
pure G at 960 cm', a bit shifted to ~950 cm ' for the
G-PAn composites. This peak is caused by valence
vibrations of Si—O-Si and Al-O-Si groups as the main
structural units of alumosilicates [16-20, 23, 39].
Absorption band at ~3630 cm ™' corresponds to Al-OH
bonds, while that at ~3388 cm ' — to Si-OH valence
vibration [38, 39]. Two broad bands at 3588 and
3490 cm™' correspond to surface —O—H groups which take
part in the formation of H-bonding between PAn
macromolecules [36]. The band at 3224 cm ', observed
for both PAn and G-PAn samples (Fig. 2), might account
for H-bonding in PAn and surface -O—H groups in G
[36]. Small bands at 1638 and 1436 em ! in pure G
account for surface adsorbed water [36, 39] and, probably,
water linked between structural layers [40]. Therefore,
these phenomena are not visible in case of G-PAn
composites. The increase in intensity for the peak at
~960 cm ', especially for the samples with higher C(HsPO4)
value, might be accounted for by the overlapping of band for
PAn, phosphates and sulphates with the intense band of G
(Fig. 2b). This fact may also indicate the increased
interaction between G and PAn [39, 41]. Higher ratio
between intensity of the couple of peaks at ~1286 and
~1229 cm ' in the composites might be caused by poor
protonation of C-N" groups in PAn because of stronger
H-bonding with the surface —O-H groups of G. The
shoulders at ~1063 and ~800 cm ' in FT-IR spectra of
pure G might be attributed to the valence and deformative
Si—O vibrations [33, 39]. Availability of characteristic
bands for both G and PAn suggests formation of PAn on
the surface of G powder during aniline polymerization.

3.2. Electric Conductivity of the
Prepared PAn and G-PAn Composites

Since PAn is a well-known electroconductive
organic polymer, prepared materials based on PAn might
also be interesting due to their electric conductivity (o)
[5, 7, 9]. Calculated o values for PAn and G-PAn samples
are summarised in Table 3. Since G-PAn composites
contain nonconductive G, their electric conductivity
((0.11-0.61)10* S-cm™") is lower as compared to the
corresponding PAn samples ((0.32-3.93)-10>S-cm ). For
both PAn and G-PAn samples, the o value becomes higher
with the increase in C(H3POy) value [28, 31]. The obtained
values of electric conductivity are similar to those of other
composites [5, 7, 9].

Table 3

Electric conductivity of the prepared PAn
and G-PAn composites

Sample ©10+0.0005, S-cm '
PAn (0.1) 032
PAn (0.5) 0.72
PAn (1.0) 1.59
PAn (2.0) 3.93
G-PAn (0.1) 0.11
G-PAn (0.5) 021
G-PAn (1.0) 0.39
G-PAn (2.0) 0.61

3.3. Magnetic Susceptibility of the
Prepared PAn and G-PAn Composites

Since pure G is capable of being magnetized |35,
42], higher strength of magnetic field leads to higher value
of magnetic susceptibility (Fig. 3, curve 3) [18, 20, 22].
Similar behavior has been confirmed experimentally for
the prepared G-PAn (0.5) sample (Fig. 3, curve 2), while
pure PAn is characterized by a very poor magnetic
susceptibility that is almost independent of the magnetic field
strength (Fig. 3, curve ). It was found that C(H;POy) value
does not influence the value of magnetic susceptibility of the
prepared G-PAn composites.
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Fig. 3. Magnetic susceptibility vs. magnetic field strength
for pure PAn (7), G-PAn (0.5) composite (2) and pure G (3)

3.4. Thermal Stability of the Prepared
PAn and G-PAn Composites

As usual thermal analysis of the prepared PAn and
G-PAn composites is simplified to a few main stages
using TG where DTG-, DSC- and DTA-curves are less
commonly used. Sometimes masspectroscopy might be
applied to analyse products of thermal destruction during
thermal treatment [43, 44] that allows to suggest a decom-
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position mechanism. Our measurements were focused on
determination of the effect of phosphoric acid and G con-
centration on thermal properties of the prepared PAn and
G-PAn composites using the approach described in [45].
TG- and DTG curves for pure PAn and G-PAn
composites, as well as pure G, are shown in Fig. 4. Values of
mass loss for every stage are collected in Tables 4 and 5.
Detailed analysis of TG and DTG for PAn samples suggests
three main stages of mass loss as minimum (Figs. 4a and 4c).
TG curves for all PAn samples clearly show the minimum
within temperature range of 303463 K with the peak at
~353 K that corresponds to the loss of physically adsorbed
water [43, 45]. The first minimum on DTG curves for
G-PAn composites is shifted to 357.2 K that might be caused
by G presence. The second minimum — in the temperature
range of 463—-693 K with peaks at 606.3, 604.7, 601.3 and
5974 K for the composites doped with C(H;PO,) of 0.1, 0.5,
1.0 and 2.0 M (Fig. 4d), respectively — is related to mass loss
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because of phosphoric acid water solution and beginning of
thermal destruction for PAn oligomeric molecules [43, 45,
46]. The third stage is traced in the range of 793—1123 K and
is characterized by a broad peak centered with minimum at
~933 K that might be due to thermal and oxidative PAn
destruction, as well decomposition of its products [45, 47].
The second minimum on DTG curves for PAn samples (Fig.
4c¢) transfers into the third one without going to the baseline
that suggests overlopping on both stages [45, 47, 48]. For
both PAn and G-PAn in the temperature range of 303—463 K
the mass loss increases with the increase in C(H;POy) value
that itself resulted in the higher amount of water stucked with
acid-dopant (see Figs. 4a, 4b and Tables 4-5). Similar
dependences were also found for second and third stages.
Increase of C(H3PO,) value from 0.1 to 2.0 M results in shift
of complete water desorption from 447.42 to 471.10 K and
from 448.34 to 460.00 K, respectively for the prepared PAn
and G-PAn composites (Figs. 4c and 4d).
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Fig. 4. TG- (a, b) and DTG- (c, d) curves for pure PAn (a, ¢) and G-PAn composites (b, d) doped with C(H;POy,)
of 0.1 M (1),0.5M (2), 1.0 M (3) and 2.0 M (4). The curves for pure G signed as (5) were used for the comparison
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Table 4

Mass loss and final residue of the prepared PAn samples during their continuous thermal treatment
in air within the temperature range of 303-1123 K

Sample

Mass loss, %

Final residue, %

303463 K 463-793 K 793-1123 K 303-1123 K
PAn (0.1) 6.30 34.76 56.55 97.61 2.39
PAn (0.5) 8.53 35.88 54.06 98.47 1.53
PAn (1.0) 9.50 37.89 50.84 98.23 1.77
PAn (2.0) 12.96 39.11 45.89 97.96 2.04

Table 5

Mass loss and final residue of the prepared G-PAn composites during their continuous thermal treatment
in air within the temperature range of 303-1173 K

Mass loss, %

Sample 303 460K | 460665K | 665985K | 985-1173K | 303-1173K Final residue, %
G-PAn (0.1) 3.95 18.71 11.29 19.09 53.04 46.96
G-PAn (0.5) 425 2022 11.84 17.03 5334 46.66
G-PAn (1.0) 5778 2027 1427 14.08 55.30 4470
G-PAn (2.0) 643 20.55 14.16 15.37 56,51 43.49

Two peaks at minimun of 390.22 and 600.73 K
were found in DTG curves for pure G sample (in Fig. 4d,
curve 5) that are due to water desorption from the surface
and interlayer spaces, respectively. Broad peak within
653-983 K and centered at ~803 K conditioned by
dehydroxilation of —OH groups from the surface of G in
case of G-PAn composites with the formation of water
[43]. For all G-PAn composites temperature values of
release of adsorbed water and water solution of
phosphoric acid (respectively, ~358 and ~603 K) and
those that are responsible for water release from G are
shifted to higher temperatures with the increase in
C(H;PO,) value. This behavior might suggest an interphase
interaction between PAn macromolecules and surface of
G powder. It should be mentioned that the total mass loss
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for PAn is around ~98 % (Fig. 4a) while for G-PAn
composites it is approximately ~53-57 % and for pure
G — only 9.37 % (Fig. 4b).

The shape of DTA curves (Fig. 5) confirms that the
thermal destruction of the prepared PAn and G-PAn
composites is an exothermic process [47, 49, 50] and
suggests the change of specific heat capacity during heating
[50]. For pure G dependence of specific heat capacity on
temperature is not so pronounced (in Fig. 5b, curve 5).
Small endothermic peaks at ~353 and ~504 K are found on
DTA curves too. Exothermic maximum at temperature
higher than 513 K corresponds to the onset of the thermal
and oxidative destruction of PAn oligomeric molecules
[45-50]. Broad endothermic peak within 773—-1053 K corres-
ponds to release of PAn decomposition products.
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Fig. 5. TG curves for PAn (a) and G-PAn composites (b) doped with C(H;PO,4) of 0.1 M (1), 0.5M (2), 1.0 M (3) and 2.0 M (4).
The curves for pure G signed as (5) were used for the comparison
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Thermal analysis including TG-, DTG- and DTA-
curves for the prepared PAn and G-PAn composites
confirms that water desorption does not influence on PAn
thermal and oxidative destruction [47]. For G-PAn
composites the destruction happens in different tempe-
rature regions comparing to pure PAn. This suggests an
effect of G powder on PAn macromolecule immobi-
lisation [51] or formation of its branched structures [52].

4, Conclusions

PAn samples were prepared through oxidation
reaction for aniline using ammonium peroxodisulfate in
aqueous solutions of phosphoric acid. The same procedure
with the addition of pure G was used for G-PAn
composites  preparation. XRD  analysis  suggests
amorphous PAn samples, while additional crystalline
peaks of G for the prepared composites can be traced.
Because of H-bonding, intermolecular interaction between
PAn macromolecules and interphase coupling of PAn to
the surface of G powder were confirmed by FT-IR. It was
found that higher concentration of phosphoric acid
resulted in a stronger intermolecular and interphase
connection. Electric conductivity of G-PAn composites
was 3-6 times lower comparing to the corresponding PAn
samples. Magnetic susceptibility of a G-PAn (0.5)
composite showed a similar dependence on the magnetic
field strength as for pure G. Increase in phosphoric acid
concentration resulted in higher electric conductivity of all
prepared samples, which does not affect their magnetic
susceptibility. Thermal analysis including TG-, DTG- and
DTA-curves for the prepared PAn and G-PAn composites
suggest the interphase interaction between PAn macro-
molecules and the surface of G powder.

The prepared G-PAn composites might be
recommended as effective adsorbers for high-density
metals from aqueous solutions.
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BJIACTUBOCTI KOMITIO3HUTIB ITPUT'OTOBJIEHUX
3 IVTAYKOHITY TA IOJTAHIVIIHY Y BOJHUX
PO3YNHAX ®OCPATHOI KUCJIOTH

Anomauin. OKucHeHHAM QHITIHY 3 BUKOPUCIAHHAM AMOHIU
nepoxcuoucyibpamy y 800HUX pPO3YUHAX GochamHoi Kuciomu Ha
NOBEPXHI NOPOUIKONOOIOHO20 2IAYKOHINY NPUSOMOGIIEHT 2IAYKOHIM-
nonianininogi Komnosumu. 3a 0onomozoio X-npomenesoi ougparyii
ma 14 cnexmpockonii 3 nepemeopennsim @yp’e niomeepodiceno
MIHCMONEKYIIAPHY 83AEMOOII0 MIdHC AMOPGHUMU MAKPOMONEKYIAMU
nonianininy ma Mmidxcgasne 36 ’s3y6ants NOMAHIIHY 00 NOBEPXHI
anaykomimy. Bemanoeneno, wo 30ineunns konyenmpayii gpocpammoi
KUCIOMU Npusooums 00 Oinbil MIYHO20 MINHCMONEKYIAPHOZO Ma
MidchazHo2o KOHMaKmy uepes 600HesUll 368 30K, HACTIOKOM 4020 €
8UYa eNeKMpPONPOBIOHICb, ane He Mae 6WIUBY HA MASHIMHY
CHPULHAMIUBICIb KOMNO3UMIG. 3 8UKOPUCAHHAM MEPMIUHO20 aHa-
T3y NEOMBEPOACEHO MIdNCPA3HY 83AEMOOII0 MINC MAKPOMOLEK)IAMU
NOMAHIIIHY MA NOBEPXHEIO NOPOUKONOOIOHO20 2NIAYKOHIMY.

Knwuosi cnosa: xomnosum 21ayKoHim-nonianiniy, cmpyx-
mypa, eneKkmpuuHa MNpoBIOHICMb, MASHIMHA CRPUHAMAUBICID,
mepmiuna cmabinehicmo.



