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INTERACTION OF THE CATALYTIC Fe/y-Al,O; SYSTEM WITH PROBE
MOLECULES II. STUDY OF y-Al,O; SUPPORT AND Fe/y-Al,O; SYSTEM
AFTER INTERACTION WITH HYDROGEN AND AMMONIA

Abstract. In this work, studies of the Fe/y-Al,O; system after its interaction with hydrogen and ammonia using
X-ray diffractometry, electron microscopy (transmission and scanning), BET on low-temperature nitrogen adsorption
and Mdssbauer spectroscopy were carried out. The obtained results showed that the Fe/y-Al,O5 system is multiphase.

It contains aluminum and iron oxide, hydroxide phases. In addition, the iron-containing components can be
partially reduced to Fe*" and be in two forms, differing in their location relative to the surface.

It was established that in the process of interaction with hydrogen and ammonia, there is a specific surface
excursion of the system and its texture. The nature of these changes depends on both the percentage iron phase, and
the reagent nature, hydrogen or ammonia.

Key words: heterogeneous catalysis, physicochemical research methods, adsorbed molecules.

Introduction

A unified theory of the selection of catalysts does not currently exist. Many abundantly used catalysts
are selected empirically. Theoretical ideas about the catalysis mechanism determine the principles of
creating catalysts suitable for individual types of reactions, both in homogeneous and heterogeneous
conditions, and / or associated with the type of catalyst (metallic; oxide; metals deposited on an oxide
substrate; metals associated with polymeric molecules and others).

The catalytic activity [1 - 6] is determined through various catalyst characteristics: the number of d-
electrons per cation orbital (for simple oxides); lattice parameter; electrical conductivity; ion charge and
radius; chemical bond energy; acidity; assembly effect (which is determined by the catalyst atoms number
which one molecule of the reactant interacts); for structures that can be regarded as periodic, by the energy
spectrum nature and the Fermi level position in it, as well as by the periodic localization of particles
chemisorbed on the surface and participating in the reaction, affecting the energy spectrum.

In heterogeneous catalysis, the most important stage is adsorption (chemisorption) [1, 4]. When
constructing the corresponding models, it is necessary to study the surface state — its structure, adsorption
complexes formed by active surface centers and reagent molecules. The active center can combine the
adsorption and catalytic centers, for heterogeneous catalysts, they, as a rule, coincide.

The catalyst may contain more than one type of active centers, which allows it to participate in
several chemical reactions in parallel. At the same time, a systematic study of various centers on the
crystal surfaces of metal-coated oxides, active in the adsorption of various probe molecules, was not
carried out.

From this, it follows the relevance of an experimental study of the gases interaction (adsorption) with
a heterogeneous catalytic system. This work is a continuation [7] of the Fe/y-Al,O; catalytic system study
with adsorbed molecules and is devoted to the study of the y-Al,O; support and the Fe/y-Al,O5 system
after interaction with hydrogen and ammonia.
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As noted in [7], the choice of the Fe/y-Al,O5 system as a model is due to its actual multifunctionality,
since it exhibits catalytic activity in many chemical processes [1, 3, 8 - 16].

Experimental

The Fe/y-AlO; system with different iron contents was prepared similarly to [7] by the impregnation
method [1, 6, 17] of the starting y-Al,O; oxide with an aqueous iron acetate solution, followed by drying
and calcination in air. The interaction of y-Al,O; oxide and the Fe/y-Al,O; system with hydrogen and
ammonia was carried out at 500 °C.

Due to the difficulty of detecting iron-containing phases in the system with 0.5 weight. %, iron (0.5%
Fe/y-AL,Os), due to its low content [7], studies were mainly conducted on systems 3%Fe/y-Al,O5 and
13%Fe/y-Al0s.

During the research, the same set of physicochemical methods was used as in [7].

X-ray diffractometry. The device X-ray diffractometer Dron-4-07. Cobalt anode tube.

Mode:

- speed 2 deg/min;

- working parameters of the tube: 30 kV, 20 mA

Transmission electron microscopy. The device is an EM 125K, accelerating voltage of 75 kV.

Scanning electron microscopy. Equipment is a scanning low-vacuum electron microscope JSM 6610
LV, JEOL, Japan. Accelerating voltage of 20 kV.

BET method (low-temperature nitrogen adsorption). Equipment is AccuSorb, Micromeritics, USA.
Standard technique. Calcination of the sample at 230 - 250 °C for 3 hours with vacuum. The relative error
in determining the specific surface area is + 5%.

Méssbauer spectroscopy. Equipment - MS 1104Em, Russia. The source was cobalt 57 in the
chromium matrix, with an activity of 100 mCi. The spectra were processed on a PC using the “least
squares” method. The isomeric shifts values are given relative to a-Fe. The spectra were taken in air at a
temperature of 23 °C. Shooting mode - "on the light." The error in determining the isomeric shift (IS)

AIS =+ 0,03 mm / s; quadrupole splitting (QS) AQS = + 0,03 mm/s; content ratio (S) AS =+ 2 %.

Results and Discussion

A study of y-Al,O; oxide and Fe/y-Al,O5 system after their interaction with hydrogen and ammonia
was carried out.

X-ray diffractometry

From the obtained results after the interaction of y-Al,O; with hydrogen and ammonia, it follows that
the oxide structure does not change and the obtained diffractograms coincide with the diffractogram of the
original y-Al,O;, which is given in [7].

In fig. 1 shows the diffraction patterns of the systems 3%Fe/y-Al,O;, 13%Fe/y-Al,O5 after their
interaction with hydrogen and ammonia.

Processing of diffractograms gave the following results:

3%Fe/y-Al,O; system

- after interaction with hydrogen

Reflexes 4.1817; 2.6971; 2.4503 A - phase O(OH) (goethite) (ASTM 29 - 713)

Reflexes 4.5681; 2.8046; 2.3856; 2.2863; 1.9781; 1.5261; 1.3985 A - y-Al,O; phase (ASTM 10-424);
Reflexes 4.8569; 4.3088; 2.4503; 2.3856; 1.9781 A - gibbsite phase AI(OH); (ASTM 33-18);
Reflexes 3.6768; 2.6971; 2.5154; 2.2863 A - a-Fe,O; phase (maghemite) (ASTM 33-664);

Reflexes; 2.5154; 2.4903; 2.1518; 1.5261 A - FeO phase (wustite) (ASTM 6-615)

- after interaction with ammonia

Reflexes 4.1750; 2.6997,4449 A - 0-FeO(OH) phase (ASTM 29 - 713)

Reflexes 4.5641; 2.8090; 2.3754; 2.2910; 1.9788; 1.5261; 1.3985 A - y-AL,O; phase (ASTM 10-424);
Reflexes 4.8569; 4.3158; 3.1854 2.4449; 2.3754; 1.9788 A - Al(OH); phase(ASTM 33-18);

Reflexes 3.6794; 2.6997; 2.5282; 2.2910 A - a-Fe,O; phase(ASTM 33-664);

Reflexes 2.4903; 2.1592; 1.5261 A - FeO phase(ASTM 6-615)
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13%Fe/y-Al;O;s system

- after interaction with hydrogen

Reflexes 4.1784; 2.7001; 2.4514 A - a-FeO(OH) phase(ASTM 29 - 713)

Reflexes 4.5602; 2.7988; 2.3754; 2.2986; 1.9863; 1.5280; 1.3982 A - y-AL,O3 phase(ASTM 10-424);
Reflexes 4.8569; 4.3265; 2.4514; 2.3754; 1.9863 A - AI(OH); phase(ASTM 33-18);

Reflexes 3.6615; 2.7001; 2.5178; 2.2986 A - a-Fe,O3 phase(ASTM 33-664);

reflexes: 2.5178; 2.1452; 1.5280 A - FeO (ASTM 6-615)
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Figure 1 - Diffraction patterns of systems 3%Fe/y-Al,O3 and 13%Fe/y-Al,O;
after their interaction with hydrogen and ammonia a, b - 3%Fe/y-Al,O; system; ¢, d 13%Fe/y-Al,O5 system;
a, ¢ - after interaction with hydrogen; b, d- after interaction with ammonia
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Processing of diffractograms gave the following results:

3%Fe/y-Al,O; system

- after interaction with ammonia

Reflexes 4.1750; 2.7001; 2.4514 A - phase a-FeO(OH) phase(ASTM 29 - 713)

Reflexes 4.5681; 2.8017; 2.2929; 1.9808; 1.5291; 1.3988 A —y-Al,O; phase(ASTM 10-424);

Reflexes 4.8569; 4.3230; 2.4449; 1.9808 A - Al(OH); phase(ASTM 33-18);

Reflexes 3.6896; 2.7101; 2.5178; 2.2929 A - a-Fe,0s phase(ASTM 33-664);

Reflexes: 2.5178; 2.4937; 2.0797; 1.5291; 1.5073; 1.4550 A — phase mixture

FeO (ASTM 6-615) and Fe( 950 (ASTM39-1088)/

The obtained data show the presence of Fe/y-Al,O; oxide y-Al,O;, AI(OH); hydroxide (gibbsite) and
several iron-containing phases, including iron, reduced to the state of Fe*" in the system.

Transmission electron microscopy

In fig. 2 shows micrographs of the Fe/y-Al,O5 system with different iron content after interaction with
hydrogen and ammonia, obtained using transmission electron microscopy.

3%Fe/Al,O; system
- after hydrogen interaction

In fig. 2a, (magnification of 24,000 times) aggregates of particles up to 10 nm in size, which are
located at the edges of large, dense particles of micron size. Microdiffraction gives a set of symmetric and
separate reflexes and can be attributed to y-Al,O; (JCPDS, 10-425).

In fig. 2b (magnification of 50,000 times) a large particle of the plate type is shown, on which seals
from 5 to 40 nm are observed. Microdiffraction shows a set of symmetric, separate intense and weak
reflections, which can be attributed to a mixture of phases of aluminum oxides with a predominance of y-
AlLLO; (JCPDS, 10-425) and iron hydroxides a-FeO (OH) - getit (JCPDS, 29-713) , Fe (OH), (JCPDS, 13-
89).

In fig. 2¢ (magnification of 50,000 times), the edges of the aggregates composed of their fine, dense
particles 5 to 10 nm in size. Microdiffraction gives a small set of weak diffuse rings, which can be
attributed to a mixture of phases Al (OH); - gibbsite (JCPDS, 7-324) and Fe,O; (JCPDS, 32-469).

- after ammonia interaction

In fig. 2d (magnification of 24,000 times) is an aggregate of translucent particles ranging in size from
150 to 300 nm. Microdiffraction gives symmetrical reflexes, which can be attributed to the phase of FeO -
wustite (JCPDS, 6-615).

In fig. 2e (magnification of 24,000 times), a dense aggregate is shown, with translucent particles
ranging in size from 150 to 200 nm along its edge. Microdiffraction shows symmetrical reflexes that can
respond to Fe,O; (JCPDS, 32-469).

In fig. 2f there is a small aggregate, on the edge of which there are semitransparent particles with a
size of 20-40 nm. Microdiffraction gives symmetric reflections, they can be attributed to a mixture of
phases y-Al,O; (JCPDS, 10-425), Al (OH); (JCPDS, 7-324).

13% Fe/Al,O; system

- after hydrogen interaction

In fig. 2g (magnification of 24,000 times) aggregate of large particles ranging in size from 70 to 200
nm. Microdiffraction shows a large set of reflections and can be attributed to the mixture of phases of
hydroxides Fe (OH), (JCPDS, 13-89) and a-FeO (OH) (JCPDS, 29-713).

In fig. 2h (magnification of 24,000 times) is an aggregate of large dense particles ranging in size from
70 to 500 nm and translucent rectangular crystals, reaching 150 to 200 nm in diameter. Microdiffraction
gives a large set of reflexes. They can be attributed to the mixture of phases FeOOH (JCPDS, 26-792), y-
FeO (OH) (JCPDS, 8-98), Fe 05 (JCPDS, 32-469), a-FeO (OH) (JCPDS, 29- 713).

- after ammonia interaction
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Figure 2 - Micrographs of the Fe/y-Al,O; system with different iron content after interaction with hydrogen and ammonia
(a, b, c,d, e, f)-3%Fe/ALLOs; (g, h, 1, j, k, 1) - 13%Fe/AlLO;;
(a, b, ¢, g, h, i) - after hydrogen interaction; (d, e, f, g, h, i) - after ammonia interaction

In fig. 2i (magnification of 50,000 times) a small aggregate of dense particles 40—60 nm in size is
shown. Microdiffraction gives a small set of reflexes that can be attributed to Fe,O; (JCPDS, 32-469).

In fig. 2j (an increase of 24,000 times) an aggregate of translucent particles of plate-like type with a
size of 100-200 nm and small aggregates with a size of up to 10 nm. Microdiffraction gives a large set of
reflections that can be attributed to a mixture of phases Fe(OH), (JCPDS, 13-89), 6 -FeOOH (JCPDS, 13-
87), AI(OH); (JCPDS, 29-41) and FeO (JCPDS, 6-615)

In fig. 2k aggregate of particles with a size of 70 - 100 nm. Microdiffraction shows a large set of
reflections that can be attributed to a mixture of Fe,O; (JCPDS, 32-469), y — FeO (OH) (JCPDS, 8-98), Al
(OH); (JCPDS, 7-324), y- Al,0; (JCPDS, 10-425).

Thus, the results obtained using transmission electron microscopy in diffraction mode show that the
system Fe/Al,Os, after interaction with hydrogen and ammonia, has a complex composition. It contains
oxide and hydroxide phases of aluminum, as well as iron, including phases containing Fe*". This result is
in good agreement with the X-ray diffractometry data.

Scanning electron microscopy

In fig. 3 shows micrographs of the Fe/y-Al,O; system with different iron contents after interaction
with hydrogen and ammonia, obtained using scanning electron microscopy.

A comparison of the microphotographs of the initial Fe/y-Al,Os system [7] with the microphotographs
in fig. 3 shows that after interaction with hydrogen and ammonia, the surface relief of the system becomes
smoother, with the most significant in the case of ammonia, which is especially noticeable for 3%Fe/y-
AlLOs. Perhaps this effect is associated with the formation of some surface compounds, with the result that
the iron-containing component is more evenly distributed over the support surface.
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Figure 3 - Microphotographs of the system Fe/y-Al,Os, obtained using scanning electron microscopy, with different iron
content after hydrogen and ammonia interaction (a, b, ¢, d, e, f, g, h) - 3% Fe/ALOs; (1, j, k, 1, m, n, o, p) - 13% Fe/Al,Os;
(a, b, c,d, 1, ], k, 1) - after hydrogen interaction; (d, f, g, h, m, n, o, p - after ammonia interaction;
magnification: (a, e, i, m) - 1000 times; (b, f, j, n) - 3000 times; (c, g, k, 0) - 10000 times; (d, h, 1, p) - 25000 times

BET method

The specific surface area and its texture (porosity) for the Fe/y-Al,O; system with different iron
content after interaction with hydrogen and ammonia are determined. The results are shown in table 1 and
shown in figure 4.
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Table 1 - The specific surface of the Fe/y-Al,05 system after hydrogen and ammonia interaction

Sample Parameter
SW: mZ/g VADSmax.s l’l’lL/g Vtrues l’l’lL/g
y-ALO;" 214 180 0,28
v-Al,O; - hydrogen interaction 168 236 0,37
y-Al,O; - ammonia interaction 171 249 0,39
0,5%Fe/y-Al, O3 211 196 0,31
0,5%Fe/y-Al,O;5 - hydrogen interaction 202 253 0,39
0,5%Fe/y-Al,O; - ammonia interaction 209 268 0,42
3%Fe/y-Al,O5" 190 115 0,18
3%Fe/y-Al, 05 - hydrogen interaction 186 225 0,35
3%Fe/y-Al,O; - ammonia interaction 188 233 0,36
13%Fely-AlL,O5" 173 101 0,16
13%Fe/y-Al,O;s - - hydrogen interaction 158 189 0,29
13%Fe/y-Al,O3 - ammonia interaction 139 194 0,39
Note: SW - specific surface area, m” / g;
V ADSmax - total pore volume with gas filling, mL / g;
Ve - total true pore volume, mL / g
" - data from work [7]
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Figure 4 - The distribution of pore sizes in y-Al,O5 and in Fe/y-Al,O; after hydrogen and ammonia
interaction (a’, b, ¢) - y-ALO;; (d', e, f) - 0,5%Fe/y-ALOx; (g°, h, i) - 3%Fe/y-ALOs; (', k, 1) - 13%Fe/y-
ALO;s; (a, b, g, j) — initial states; (b, e, g, k ) — after hydrogen interaction; (c, f, i, |) — after ammonia
interaction; * - data from work [7]; R(A) — pore radius in angstroms (A); dV/dVmax the ratio of the pore

volume of a given radius to the maximum volume

— 126 ——



ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

From the results of table 1, it follows that the interaction of the y-Al,O; oxide, of the Fe/y-Al,Os
system with hydrogen and ammonia leads to a decrease in the specific surface area and an increase in the
total pore volume. It should be noted that it is possible there is a tendency for a larger increase in the value
of the total pore volume in the case of interaction with ammonia.

The data presented in fig. 4 shows that the interaction of y-Al,O5 oxide of the Fe/y-Al,O; system with
hydrogen and ammonia leads to a change in the size distribution of the pores. For oxide y-Al,Os, the
relative content of pores with a diameter of up to 25 A decreases (fig. 4 (a, b, c)).

In the case of a 00,5% Fe/y-Al,O;system, the relative content of pores with a diameter in the range of
27-40 A decreases and there is an extremum in the graphs in the range of 40-50 A (fig. 4 (d, e, ). The
situation is similar for 3% Fe/y-Al,O;, but with the formation of a “sharp” maximum at a distribution in
the region of ~ 45 A (fig. 4 (f, h, i). In the case of a system of 13% ALO; during its interaction with
hydrogen, a “sharp” maximum is also observed at ~ 45 A. When interacting with ammonia, the relative
intensity of this maximum decreases and the other two appear with a center of distribution at ~ 28-30 and
55 A (fig. 4 (k, 1, m).

Méssbauer spectroscopy

In fig. 5 shows the Mossbauer spectra of the 3%Fe/y-Al,O3 system after hydrogen and ammonia
interaction.
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Figure 5 - Mossbauer spectra of the system 3%Fe/y-Al,O; after interaction with hydrogen (a) and ammonia (b)

The processing of the spectra showed that the system, based on the values of the Mdssbauer
parameters, contains various forms of Fe*” and Fe*" in the paramagnetic state [18].

The following iron forms are present in the 3%Fe/y-Al,O; system:

- after interaction with hydrogen

Fe,*" form - IS = 0,33 mmes™; QS = 0,97 mmes™; S = 39%

Fe,”" form - IS = 0,32 mmes™; QS = 1,51 mmes™; S = 16%

Form

Fe,*" form - IS = 1,02 mmes™; QS =2,15 mmes™; S =28%

Fe,”" form - IS = 0,98 mmes™; QS = 1,40 mmes™; S = 17%

- after ammonia interaction

Fe,* form - IS = 0,32 mmes™; QS =0,96 mmes™; S =47%

Fe,*" form - IS = 1,02 mmes™; QS =2,15 mmes”; S =27%

Fe,” form - IS = 0,95 mmes™; QS = 1,46 mmes™; S = 26%

The forms Fe,”" and Fe, "after the interaction of the system with hydrogen have almost identical IS
values, at the same time, they differ significantly in QS. In [7], based on the data of [19-21], the form Fe,”"
with a large QS value was attributed to iron on the support surface, and the form Fe,*" with a smaller QS
to the more deeply located one. It should be noted that after interaction with ammonia, only one form of
Fe,’" is present in the system.
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The corresponding reduced forms of iron (Fe;”" and Fe,™), after interaction with hydrogen and
ammonia, have close Mossbauer parameters. It should be noted that in the case of ammonia, the total
relative content of the forms of Fe,”" in the system is noticeably higher, in addition, there is no form of
Fe,*", which, presumably, is located closer to the surface, and therefore must be restored first. Regarding
the forms Fe,”" and Fe,”", it can be assumed that each of them has a corresponding form of Fe’* as its
predecessor.

Conclusion

Studies of Fe/y-Al,O3 system after its hydrogen and ammonia interaction using X-ray diffractometry,
electron microscopy (transmission and scanning), BET on low-temperature nitrogen adsorption, and
Maossbauer spectroscopy were carried out. The results showed that the system Fe/y-Al,Os is multiphase. It
contains oxide, hydroxide phases of aluminum and iron. In addition, the iron-containing components can
be partially reduced to Fe*" and can be in two forms, differing by their location relative to the surface.

It was established that in the process of interaction with hydrogen and ammonia, there is a change in
the value of the specific surface of the system and its texture. The nature of these changes depends on both
the percentage of the iron-containing phase and the nature of the reagent, hydrogen or ammonia.
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A.P. Bpoackuii, B.II. I'puropnesa, JI.B. Komamko, E.E. Hypmakanos,
NU.C. Yanbimesa, A.A.lllanoBanos, U A.lllabiruna, B.U.SckeBuya

«.B. Coxonbckuii arbinaarsl XKanapmaii, Katanus sxoHe snexrpoxumust UHCTUTYThD» AK, Anmartsl, KazakcTan

MOJIEKYJIA 30H/bI BAP Fe/y-Al,O; KATAJIA3AIK )KYWUEHIH OPEKETTECTITI
II. CYTEI'I MEH AMMUAKIIEH OPEKETTECYIHEH KEMIHI'I y-AL,O; TACY Bl MEH Fe/y-AlO;
JKYWEHIH 3EPTTEYI

AnHoTtanus. byn sxymbicta Fe/y-AL O sxylieHiH OHBIH CyTeri MEH aMMHUAKIIEH OpPEKETTEeCYiHEH KeHiHI1 PeHTIeHIK
I(PaKTOMETPHSI, JIEKTPOHIBI MUKPOCKOMHS (KaphIKTHIK JKOHE CKaHepIieylli), TOMEHI1 TeMIlepaTypaibl a30TTHIH
aacopOuuscel apkpuibl BOT meH MeccOayspilik CIEKTPOCKONUS OIICTEpiHIH 3epTTeyiiepl KepCeTinreH. AJIbIHFaH
notmwkenep Fe/y-Al,O; xyiieHiH kendasanbl eKeHiH aHbIKTabl. by ga3a amoMHUHANR MEH TeMipIiH OKCH/TI, THAPOKCUATI
(azaceiHan Typansl. Onan 6acka, TeMipKYpamIbsl KOMIIOHEHTTEp Fe’" neitin JKapThUIall TOTBIKCHI3JAHAIbI JKOHE OCTTIiK
KaOaTHIHBIH OpHAJIACYBIHBIH albIPMAIIBUIBIFBIMEH €Ki TYp/e OpHAacybl MYMKIiH.

CyTeri MEH aMMHAaKIICH OpPEKETTeCyl Ke3iHAe KYHEHIH >KoHe OHbIH TEKCTYPachIHbIH MEHIIIKTI 0T IIaMachIHBIH
e3repyi 0OJIaThIHBI AHBIKTAJIBL. ByJ1 @3repicTepiH epeKIneNiri TeMipKypam bl (pa3aHbIH MalbI3IbIK KypaMbl MEH PEarcHT
TaOUFaThIHA J]a — CyTeri MEH aMMHAK TOyeIL .

Tyiiin ce3aep: reTeporeH i Kataims, 3epTTeyIiH (PU3HKATBIK-XUMHSIIBIK 9IICTEpi, acopOTanFraH MoJeKyJanap

VK 539.19;541.128.13;544.14;544.46

A.P. Bpoackmnii, B.II. I'puropsesa, JI.B. Komamko, E.E. Hypmakanos,
N.C. Yanbimena, A.A.lllanosasioB, U. A.llLnbiruna, B.U.flckeBuy

AO «MucTuTyT TotuMBA, KaTanu3a u snekrpoxumun uM. [[.B.Cokonbckoro», Anmarel, Kazaxcran

B3AUMO/JIEVICTBUE KATAJIUTUYECKON CUCTEMBI Fe/y-Al,O;
C MOJIEKYJAMU-30HJJAMM II. UCCJEJOBAHUE HOCHUTEJIA y-AlLO;
U CUCTEMBI Fe/y-Al,O; TOCJIE B3AMMOJIEMCTBUS C BOJOPOJOM U AMMUAKOM

AnHoTanus. B pabote mposenens! nccrenoBanus cucteMsl Fe/y-AlLO; mocne e€ B3amMomeiicTBHS ¢ BOZOPOIOM H
aMMHaKOM METOJaMH PEHTT€HOBCKOH  AU(PPAKTOMETPHUH, DIEKTPOHHOH MHKPOCKONHM  (IPOCBEUMBAOIIEH U
ckanupytomeit), BOT no HuzkoTemmepaTypHOR agcopOuuu a3ora U MeccOay3poBckoil crmekrpockonuu. IlomyueHHble
pe3ysbTaThl okasanu, uto cucrema Fe/y-AlyO; sBnsercs MHorodaszHoi. OHa CONEPIKUT OKCUIHBIE, THAPOKCUIHbIE (a3bl
amOMHHESA U kese3a. KpoMe TOro, jKele30ColepyKaIiie KOMIOHEHTH MOTYT YaCTHYHO BOCCTAHABIMBAThCA 10 Fe'™ u
HaXOJHThCA B ABYX (DOPMaX, Pa3INIasICh PACIIOI0KEHHEM OTHOCHUTENIFHO TIOBEPXHOCTH.

YCTaHOBIIEHO, YTO B INPOLIECCE B3aUMOJAECHCTBHA C BOJOPOJOM M aMMMAKOM, IPOMCXOAUT U3MEHEHHE BEIIMUUHBI
yIETBbHOH TOBEPXHOCTH CHCTEMBI B €€ TEeKCTyphl. XapaKTep dTHX M3MEHEHHH 3aBHUCHT KaK OT IPOIEHTHOTO COAEPKaHMSA
JKeJe3oconepaaleil $hasbl, Tak U OT IPUPOJbI PEareHTa - BOAOPOJa UM aMMUaKa.

KiloueBble c/10Ba: TETEPOTEHHBIH KaTanw3, (H3MKO-XMMHUYECKHE METOIBl HCCIEeJOBAHUA, aJCcopOMpOBaHHBIC
MOJIEKYJIbI
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