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INTERACTION OF THE Fely-AhOs CATALYTIC SYSTEM
WITH PROBE MOLECULES Ill. STUDY OF THE INTERACTION
OF AMMONIA WITH y-AhOs OXIDE AND THE Fely-AhOs SYSTEM

Abstract. The work is devoted to the study of the interaction of heterogeneous catalytic systems with adsorbed
molecules. It presents the results of the interaction of the initial y-AbO3 oxide and the Fe/y-AbO3 system with
ammonia obtained using IR spectroscopy and the method of temperature programmed desorption.

Lewis and Bronsted acid centers were detected on the surface of both y-Al203 oxide and the Fe/y-AbO3 system
during their interaction with ammonia in the temperature range 293-773K using IR spectroscopy. The relative
intensity of the absorption bands corresponding to these centers depends on the temperature of interaction with
ammonia.

It was found by ammonia TPD that adsorbed NH3 is desorbed in the form of five peaks from the y-AbO3 surface
on a temperature scale, and in the form of seven peaks from the surface of the Fe/y-Al203 system. It was shown that
the total amount of desorbed ammonia decreases markedly with increasing adsorption temperature. Moreover, for
individual temperature peaks, the amount of adsorbed ammonia can either decrease, pass through an extremum, or
remain approximately constant. The appearance of additional desorption peaks for the Fe/y-AbO3 system is
associated with iron deposited on alumina.

Proceeding from the temperature range of existence of desorption peaks for y-AbO3 oxide and the Fe/y-AbO3
system it was established that they contain weak acid centers (desorption temperature up to 523K), acidic centers of
medium strength (desorption temperature from 523 to 613K) and strong acid sites (desorption temperature above
613K). The volume of desorbed ammonia in the indicated temperature ranges can serve as a quantitative measure of
various types of acid sites.

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

Introduction. One of the most common and highly effective methods for studying acid-base centers
on the surfaces of supports and heterogeneous catalysts are infrared spectroscopy [1-5] and temperature
programmed desorption of ammonia [s, 7].

The use of IR spectroscopy for studying the donor-acceptor surface properties is based on the spectral
probing method. The properties of adsorption centers are judged by the absorption spectra of the adsorbed
molecules, as well as by the change in the position ofthe absorption bands observed during adsorption.

The position of the peak in the TPD method on the temperature scale and activation energy of the
probe molecule give the possibility to assess the strength of the center that its area can serve as a
measurement ofthe quantity of the various acid centers of various types.

This work is a continuation of studies on the interaction of a heterogeneous catalytic system with
adsorbed molecules [s, 9].
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Experimental. Fe/y-Al-0Os system with an iron content of 3; 13 wt.% was prepared by impregnating
[10-13] the initial y-Al-Os oxide with an aqueous solution of iron acetate, followed by drying and
calcination in air.

IR spectroscopy

Sample preparation and obtaining IR spectra took place in several stages. At the first stage, the
sample (atablet with KBr filler) was placed in a sealed quartz cell and heated to 523K with simultaneous
evacuation for 2 hours. Then, the temperature decreased to 293K. Next, ammonia purging began at the
required temperature (from a given temperature range of 293-773 K) for 150 minutes. After that, a
temperature of 293K was established then the cell was purged with an inert gas for 30 minutes and after
that the IR spectrum was taken.

Equipment - Nicolet iS5 IR spectrometer, Thermo Scientific, USA. Operation mode: resolution 1 cm-l,
number of scans - 200 .

Ammonia TPD

A chromatographic version of temperature programmed desorption was used. The sample with the
molecules of the probe substance preliminarily adsorbed on it was subjected to heating at a certain
constant speed in the flow of the carrier gas. During desorption, the substance in the gas phase passed
through the cell ofthe thermal conductivity detector (TCD), and the resulting signal was recorded.

Conditions for preparing samples for ammonia adsorption:

- vacuum treatment 30 minutes;

- sample dehydration in a stream of dry argon (5 ml/min) at a temperature of 623K for 120 minutes.

Ammonia adsorption:

- ammonia feed rate 5 ml/min;

- adsorption duration one hour; temperature range 293-773K.

Programmed desorption of ammonia:

- temperature variation range from 293 to 773K;

- speed - 12K/min; carrier gas velocity (argon) - 75 ml/min;

- detector sensitivity 1 s .

Desorbed ammonia was detected by chromatograph's TCD and was recorded as a TPD spectrum. At
certain temperatures, the TPD spectrum had maxima that characterized the adsorption sites of the sample.
The amount of ammonia desorbed in the corresponding temperature range was determined by peak areas,
having previously established how much NHs corresponds to the area unit.

Equipment - "CETARAM" thermo analyzer, France.

Results and discussion

Investigation ofthe Fe/y-Al203system by FTIR spectroscopy during NH 3adsorption.

In the beginning, the interaction of y-Al-0s with NHs was studied in the range of 293-773K. The data
obtained for y-AlOs oxide were necessary as reference and comparison points when studying the
Fel/y-AhOs system. Figures 1-7 show the IR spectra of y-Al-Os oxide when interacting with ammonia at
different temperatures and table 1 shows the results of their interpretation. In the initial y-Al.Os oxide and
even after interaction with ammonia, the IR spectra contain absorption bands corresponding to
-OH groups bound on the surface by hydrogen bonds, absorption bands from AI-O bonds, and also
vibrations of CH bonds in the -CH, -CH:, -CHs groups (in trace amounts). A small amount of
hydrocarbons, apparently, remained in the y-Al.Os oxide after synthesis.
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Figure 1- IR spectrum of the initial Y-Al.Os oxide
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Figure 2 - IR spectrum of y-AhOs oxide after adsorption of ammonia at 293K
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Figure 7 - IR spectrum of y-AhO3 oxide after ammonia adsorption at 773K

Table 1- Interpreted data of the IR spectra of y-AhO3 oxide
and the Fe/y-AkO3 system in the initial states,
and after their interaction with NH3 in the range 293-773K

40 DO 35 30
Wavenum aers (<m-1)
Absorption 1ands, cm-1
T, K Sample
Y-A0s Fely-AkO3
1 2 3
Initial states
3699 3702
3453,3250 3452,3212
3404, 3301,
1633, 1571, 1632, 1584,
203 1524, 645 1526, 623
1468, 1400,
1457, 1391 1358
1088, 1048 1068,
818, 753 804, 728
565 550
Interaction of ammonia
3482,3216 3475,3236
1627, 1585,
1629, 1579, 5% 631
3389 3389
293
1276 1692, 1270
3178
1496, 1463,
14101350 1463,1406
1065 1066
790 834

Assignment of absorption bands
4

Stretching vibrations of bridging groups -OH bound to aluminum ions in
octahedral and (or) tetrahedral coordination

Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds

Stretching vibrations of -OH groups bound on the surface of aluminum
hydroxides by hydrogen bonds

Bending vibrations of -OH groups bonded to the surface by hydrogen bonds

Bending vibrations of C-H bonds in -CH, -CH:, -CHs groups (traces)

Stretching vibrations in -Al-O- groups in a tetrahedral and (or) octahedral
coordination

Bending vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination, possibly, in Al-O-Fe groups in the Fe/y-AkO3 system

The stretching vibrations of the M-O bonds (M = Al; Fe)

Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds

Bending vibrations of -OH groups bound on the surface by hydrogen bonds

Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
sites

Bending vibrations related to -NH groups of ammonia linked by a coordination
bond with Lewis acid sites

Stretching vibrations of N-H groups in ammonium ions NH.+- Bronsted centers

Bending vibrations of N-H groups in NHa+ ions - Bronsted centers (on the
background of bending vibrations of C-H bonds in -CH, -CHz, -CHs groups)

Stretching vibrations related to Al-O bonds in -Al-O- groups
Bending vibrations of -Al-O bonds in tetrahedra
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373

473

573

2
3494, 3245

1631, 1580, 615

3386

1679, 1281

1464, 1408,

1025
800

3498, 3242

1631, 1577, 597

3382

1673,1234

1464,1416

1063
823

3489, 3227

1629, 1571, 594

3399

1685, 1281

1498,1468,
1408

1061
807

3
3479, 3229

1627, 1584,
611

3383

1695,1280

3173

1463, 1405,
1351

1077
814

3472,3224

1626, 1576,
617

3392

1674, 1273

3163

1462,1405

1069

813

3472, 3250,
3221

1619, 1564,
1543,629

3361,3310

1673, 1652,
1269

3154

1498, 1458,
1408

1058
812

Continuation ofthe table 1
4

Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds

Bending vibrations of -OH groups bound on the surface by hydrogen bonds

Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
sites

Bending vibrations related to -NH groups of ammonia linked by a coordination
bond with Lewis acid sites

Stretching vibrations of N-H groups in ammonium ions NH.+- Bronsted centers

Bending vibrations of N-H groups in NH4+ ions - Bronsted centers (on the
background of bending vibrations of C-H bonds in -CH, -CHz, -CHs groups)

Stretching vibrations related to Al-O bonds in -Al-O- groups

Bending vibrations of -Al-O bonds in tetrahedra

Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds

Bending vibrations of -OH groups bound on the surface by hydrogen bonds

Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
sites

Bending vibrations related to -NH groups of ammonia linked by a coordination
bond with Lewis acid sites

Stretching vibrations of N-H groups in ammonium ions NHa+- Bronsted centers

Bending vibrations of N-H groups in NH4+ ions - Bronsted centers (on the
background of bending vibrations of C-H bonds in -CH, -CHz, -CHs groups)

Stretching vibrations related to Al-O bonds in -Al-O- groups

Bending vibrations of -Al-O bonds in tetrahedra

Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds

Bending vibrations of -OH groups bound on the surface by hydrogen bonds

Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
sites

Bending vibrations related to -NH groups of ammonia linked by a coordination
bond with Lewis acid sites

Stretching vibrations of N-H groups in ammonium ions NH«+- Bronsted centers

Bending vibrations of N-H groups in NHa+ ions - Bronsted centers (on the
background of bending vibrations of C-H bonds in -CH, -CHz, -CHs groups)

Stretching vibrations related to Al-O bonds in -Al-O- groups
Bending vibrations of -Al-O bonds in tetrahedra
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Continuation ofthe table 1

1 2 3 4
Stretching vibrations related to the -OH groups bound on the surface by
3504, 3224 3481,3239 hydrogen bonds
1631, 1567, 579 éfszo 1548, Bending vibrations of -OH groups bound on the surface by hydrogen bonds
3385 3374,3310 SStitr('eestching vibrations related to -NH groups of ammonia bound to Lewis acid
673 1679 1280 1699, 1649, Bending vibrations related to -NH groups of ammonia linked by a coordination
' 1245 bond with Lewis acid sites
3166 Stretching vibrations of N-H groups in ammonium ions NH.+- Bronsted centers
Bending vibrations of N-H groups in NHa+ ions - Bronsted centers (on the
1500, 1470 1490,1463 background of bending vibrations of C-H bonds in -CH, -CHz, -CHs groups)
1060 1074 Stretching vibrations related to Al-O bonds in -Al-O- groups
806 856 Bending vibrations of -Al-O bonds in tetrahedra
Stretching vibrations related to the -OH groups bound on the surface by
3493, 3206 3472,3233 hydrogen bonds
1639, 598 1624 Bending vibrations of -OH groups bound on the surface by hydrogenbonds
385 3308 sStitreestChmg vibrations related to -NH groups of ammonia bound to Lewis acid
Bending vibrations related to -NH groups of ammonia linked by a coordination
773 16%8 1698, 1266 bond with Lewis acid sites
3153 Stretching vibrations of N-H groups in ammonium ions NHs+- Bronsted centers
Bending vibrations of N-H groups in NHa+ ions - Bronsted centers (on the
1499, 1306 1479, 1306 background of bending vibrations of C-H bonds in -CH, -CHz, -CHs groups)
1080 Stretching vibrations related to Al-O bonds in -Al-O- groups
Bending vibrations of -Al-O bonds in tetrahedra and, possibly, bonds in Al-O-Fe
893 924, 853, 804 groups (for Fefy-AhQ3)

Absorption band related to the bridging -OH groups bound to aluminum ions in an octahedral
coordination is also observed. However, upon interaction with ammonia, this absorption band disappears.

Absorption bands associated with the Lewis acid sites and with ammonium ions NH.+(Bronsted sites)
appear while interacting with ammonia. An increase in temperature causes noticeable decrease in the
relative intensity ofthe absorption bands corresponding to the Lewis and Bronsted centers.

Further, the interaction of the 13%Fe/y-AhO3 system with NHs in the temperature range 293-773K
was also studied using the Fourier-transform IR spectroscopy in the “In Situ” mode.

Figures 8-14 show the IR spectra of the Fe/y-AhOs system interacting with ammonia and table 1
shows the results of their interpretation.

There are absorption bands related to -OH bridge groups bonded to aluminum ions in octahedral
coordination, and absorption bands related to -OH groups bound on the surface by hydrogen bonds ,
absorption bands related to Al-O bonds in the initial Fe/y-Al.Os system, as well as in the initial y-AhOs
oxide. In addition, an absorption band related to Fe-O bonds is observed in the initial Fe/y-AhQOs system.
This band disappears when interacting with ammonia.

It should be noted that in the Fe/y-AhOs system (initial state) there are absorption bands belonging to
the -OH groups on the surface of aluminum hydroxides. This is in good agreement with the data presented
in our works [s, 9]. In that works were noted that during the synthesis of the Fe/y-AhQOs system by
impregnation partial hydrolysis of aluminum oxide can occur as a result of which a certain amount of
aluminum hydroxide is formed.

Absorption bands associated with the Lewis acid centers and with ammonium ions NHs+ (Bronsted
centers) appear when the Fe/y-AhOs system interacts with ammonia as in the case of the initial alumina.
An increase in temperature, similarly to what was observed for y-AhOs oxide, also leads to the decrease of
the relative intensity ofthe absorption bands corresponding to the Lewis and Bronsted centers.
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Figure 10 - IR spectrum of 13%dFe/y-AhO3 system
after adsorption of ammonia at 373K

Figure 11 - IR spectrum of 130oFe/y-AhO3 system after ammonia adsorption at 473K
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Figure 14 - IR spectrum of 13%kFe/y-AhO3 system after ammonia adsorption at 773K

At the same time, there are noticeable differences, in particular, the number of absorption bands
corresponding to -OH groups bound on the surface by hydrogen bonds and absorption bands
corresponding to Lewis centers increases, a band corresponding to stretching vibrations of N-H groups in
ammonium ions NHas+appears - Bronsted centers (table 1). In the case of alumina, only bending vibrations
were observed. In addition, at 773 K, absorption bands are present in the long-wavelength region ofthe IR
spectra, which can be attributed to bonds in the Al-O-Fe groups.

Study of the Fel/y-AhOs system using temperature programmed desorption during ammonia

adsorption

As it was already noted, the catalytic characteristics of heterogeneous systems correlate with the
presence of acid centers of various nature on their surface and an important criterion is the quantity and
strength of acid centers.

The properties of the surface of y-AhOs oxide (as a reference point) and the Fe/y-AhQOs system were
studied by temperature programmed desorption (TPD) in the temperature range 293-773K using an
ammonia as a probe molecule.

The results of ammonia TPD for y-AhOs oxide are shown in Figure 15(1) and are shown in table 2.

Adsorbed NHs is desorbed from the surface of y-AhOs on a temperature scale in the form of five
peaks, and the high-temperature peak E is much smaller in quantitative terms than the lower-temperature
peak and, as the adsorption temperature rises its position practically does not shift (table 2). Peaks A and C
are observed only at ammonia adsorption temperatures of 293, 373K. Peaks B and D appear starting from
an adsorption temperature of 423K.
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Temperature. K Temperature, K Temperature.
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NH;s adsorption temperature: a - 293K; b - 373K; ¢ - 423K; d - 473K; e - 573K; f- 673K; g - 773K
Figure 15 - TPD-NH:; profiles for y-AkO:s (1), s %Fe/y-AkOs (I1) system and 13%Fe/y-AkO3 (111) system

Table 2 - The results of the study of TPD-NHs for y-AkO3 oxide

NHs adsorption The highest temperatures Amount of desorbed NH;, The total amount
Sample temperature, K of the desorption peaks, K 10-2 mol/g of desorbed NHs,
' A B C D E A B C D E 10-4 mol/g
293 423 - 493 - 78 48 6.00 0.78 11.60
373 423 - 493 - 723 480 547 0.89 1116
423 - 33¥ - 43 723 - 403 - A7l 096 9.60
y-AkO3 473 - 3B - 458 723 - 379 - 406 117 9.02
573 - 3B - 4373 - 311 - 402 098 871
673 - 3B - 4373 - 347 - 304 072 723
773 - 3B - M3 I3 - 273 - 267 067 6.07

For A, B, C, D peaks the amount of desorbed ammonia decreases with increasing adsorption
temperature. For peak E this dependence has an extremal character with a maximum position at an
adsorption temperature of 473 K.

It should be noted that with an increase in the adsorption temperature the total amount of desorbed
ammonia decreases significantly (table 2).

The results of ammonia TPD for the Fe/y-AhQOs system with different iron contents are shown in
Figure 15 (11, 1) and in tables 3-4.

For the s %Fe/y-AhQOs system (Figure 15 (1), table 3) the ammonia adsorbed in the temperature range
293-773K is desorbed on the temperature scale in the form of seven peaks (A', B', C', D', E', F', G".
Desorption temperature range for A', B', D', E' peaks is close to that observed for y-AhQOs oxide (peaks A,
B, D, E) and the amount of desorbed ammonia also decreases with increasing adsorption temperature.

There are some peculiarities, in particular, the peak B' appears at a higher adsorption temperature, and
the peak D'- at a lower temperature, the peak E' is observed only at adsorption temperatures of 293, 373K.
Nevertheless, based on the obtained data, with a high degree of probability, it can be assumed that the
adsorption of ammonia (A", B', D', E' desorption peaks) in the s %Fe/y-AhOs system occurs at the centers
which are close in nature to adsorption characteristics of the y-AhOs oxide centers.

At the same time, it should be paid attention to significant differences in the TPD spectra of y-AhOQOs
oxide and the s %Fe/y-AhOs system. In particular, the adsorption center to which the C' peak corresponds
has a noticeable temperature shift with respect to the C peaks and is present only at an adsorption
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temperature of 293K. In addition, in the TPD spectrum for the s %Fe/y-AhOs system F' and G' peaks
appear in the temperature range of ammonia adsorption 423-773K (peak F') and 673 - 773K (peak G").
Peaks F' and G' are located at desorption temperatures of 643 and 558K, respectively. Apparently, these
desorption peaks can be associated with iron deposited on alumina.

Ammonia adsorbed in the temperature range 293-773K is also desorbed in the form of seven peaks
(A", B", C", D", E", F", G") in case ofthe 13%Fe/y-AhO3 system (figure 18 (lll), table 4). The desorption
peaks of B", D", E" are in the same temperature range as the of B, D, E peaks for y-AhOs oxide, as well as
B', D', E' peaks in the case ofthe 3% Fe/y-AhOs system. The F", G" and F', G' peaks are identical for the
13%Fely-AhO3 and s %Fe/y-AhOs systems.

The position on the temperature scale of peak A" is significantly shifted to the high-temperature
region. In addition, when ammonia is adsorbed in the range 423-573K the C" desorption peak appears at
478K in the 13%Fe/y-AhO3 system, and the amount of desorbed ammonia for the D" peak is extreme with
a minimum position in the temperature range 473-573K. At the same time, for the s %Fe/y-AhOs system
the amount of desorbed ammonia at the D' peak decreases with increasing adsorption temperature.

Table 3 - TPD-NH: study results for y-AkOs oxide

NHs adsorption The highest temperatures Amount of desorbed NH;, The total amount
Sample temperature, K of the desorption peaks, K 10-2 mol/g of desorbed NHs,
' A B C D E A B C D E 10-a mol/g
293 423 - 493 - 733 482 6.00 0.78 11.60
373 423 - 493 - 723 480 547 0.89 11.16
423 - 33 - 453 73 - 403 - 471 0% 9.60
y-AkO3 473 - 383 - 458 723 - 371 - 406 117 9.02
573 - 383 - 453 723 - 3711 - 402 098 871
673 - 333 - 453 723 - 347 - 34 072 7.23
773 - 333 - M3 723 - 273 - 267 067 6.07
Table 4 - TPD-NHs study results for Fefy-AhQs system
=)
5 v 2o
= g‘ % The highest temperatures of the desorption peaks, K Amount of desorbed NH3 10-4mol/g (_; g §
5 38 - g
I5 Fo
A B C D E F G A B c D E F G
293 438 - 508 733 - - 5.20 - 6.59 - 080 - - 12.59
O 313 408 - - 468 733 - - 3.91 - 581  0.82 - - 10.54
< 423 403 - - 463 - 643 - 3.66 - 571 - o081 - 10.18
» 473 - 393 - 468 - 643 - 253 - 5.70 - 1.01 - 9.24
573 - 389 - 458 - 643 - - 2.44 - 5.70 - 1.01 - 9.15
673 - 383 - 458 - 643 558 - 2.00 - 5.30 - 09 086 9.12
773 - 373 - 458 - 643 558 - 185 - 5.19 - 097 088 8.79
A" B" c D" E" F G" A B" c D" E" F G"
o 293 538 388 - - 733 - - 810 501 - - 162 - - 14.73
. 373 388 - 468 733 - - - 2.90 - 706 120 - - 11.16
423 388 478 463 - 643 - - 131 437 416 - 1.10 - 10.94
p 473 388 478 463 - 643 - - 125 386 338 - 115 - 9.64
% 573 383 478 458 - 643 - 125 337 332 - 1.17 - 9.11
673 - - - 448 - 643 558 - - 6.82 - 105 088 8.75
773 - - - 433 - 643 558 - - - 6.78 - 104 084 8.66

Conclusion. Investigations of the Fe/y-AhOs system in the temperature range 273-773K using IR
spectroscopy and the ammonia TPD method showed that its surface is inhomogeneous and represents a set
of adsorption centers that differ in their characteristics.

On the surface of both y-AhQOs oxide (support) and the Fe/y-AhOs system Lewis and Bronsted acid
centers were detected using IR spectroscopy during their interaction with ammonia in the temperature
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range 293-773K. The relative intensity of the absorption bands corresponding to these centers depends on
the temperature of interaction with ammonia and with its growth decreases both for y-AhOs and for the
Fel/y-AhQOs system.

However, significant differences were identified. So, in the case of the Fe/y-AhOs system:

- an increase in the number of absorption bands related to -OH groups joined on the surface by
hydrogen bonds;

- an increase in the number of absorption bands related to Lewis acid centers;

- the appearance of a band corresponding to stretching vibrations of N-H groups in ammonium ions
NH.+ - Bronsted centers (no stretching vibrations were observed in the case of alumina).

The observed features can be associated with the presence of an iron-containing component on the
surface of the support. This statement is justified because the absorption band related to Fe-O bonds is
observed in the initial Fe/y-AhOs system, and when the Fe/y-AhOs system interacts with ammonia at
773K, absorption bands are present in the long-wavelength region ofthe IR spectra, which are most likely
relate to bonds in Al-O-Fe groups. In addition, the shift of the absorption bands corresponding to the
Lewis acid centers in the frequency range also testifies to the effect of the iron-containing component on
the adsorption centers.

As aresult of studies ofy-AkOs oxide and 13%Fe/y-AkO3 systems using ammonia TPD, it was found
that adsorbed NHs is desorbed in the form of five peaks from the y-AhQOs surface on a temperature scale,
and from the surface of s %Fe/y-AhOs and 13%Fe/y-AhO3 systems - in the form of seven peaks. For all
the samples studied the total amount of adsorbed ammonia decreases markedly with an increase in the
adsorption temperature, and for individual temperature peaks the amount of adsorbed ammonia can
decrease (peaks B, C, D, A", B', D', B", C", E"), and pass through the extremum (peaks E, F', D", F") or
remain approximately constant (peaks A, E', G', G").

As the adsorption temperature increases the desorption temperature for some of the peaks of y-AkOs
oxide and 13%Fe/y-AkO3 systems remains almost constant (peaks A, B, C, E', F', G', B", C", E", F", G")
and for the other part of the peaks there is some tendency to lower the desorption temperature.

The appearance of additional desorption peaks (F', G', F", G") in the s %Fe/y-AhOs and 13%Fely-
AKkO3s systems, as well as a change in the position on the temperature scale of desorption peaks A", C', C"
can be associated with iron deposited on alumina. In particular, C', F', F" peaks, possibly, relate to the
adsorption of ammonia on -Al-O-Fe- type fragments, and the C" peak on -Fe-O-Fe- type fragments, since
the last peak is attributed to the 13%Fe/y-AhO3 system with a significantly higher iron content.

Investigations of the Fe/y-AhQOs system using Mossbauer spectroscopy [14] showed that the system
depending on conditions can contain various forms of iron. The presence of several forms of iron in the
system indicates the potential for the formation of catalytically active centers with different electronic
characteristics and as a result different catalytic properties. Thus, each form of the iron cation on the
support can be a specific active (adsorption) center.

Based on the temperature range for the existence of desorption peaks for y-AhOs oxide and
3 %Fely-AkOs, 13%Fe/y-AhO3 systems, it follows that weak acid centers (desorption temperature up to
523K), acidic centers of medium strength (desorption temperature from 523 to 613K) and strong acid sites
(desorption temperature above 613K) are present in them [15-17].

The volume of desorbed ammonia in the indicated temperature ranges can serve as a quantitative
measure of various types of acid sites.

It should be noted that the total amount of adsorbed ammonia decreases markedly with increasing
adsorption temperature and this is in good agreement with the data of IR spectroscopy, according to which
the relative intensity of the absorption bands corresponding to the Lewis and Bronsted centers also
depends on the temperature of interaction with ammonia and decreases with its growth.

This work was financially supported by the State Institution “Science Committee of the Ministry of
Education and Science o fthe Republic o fKazakhstan ” under grant the AP05130654.
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[.B. CokonbCcKuii aTbiHAArbl >xaHapMaid, KaTasins XXaHe 3/1eKTPOXUMmus MHCTUTYTbl AK, Anvatsl, KasaxcTaH

Fely-AbO3 KATAJIMTUKANBIL XKYWEHL, 30HATbI MONEKYNANAPMEH
03APA OATbIHACHI 111. y-AbO3 OKCUA1 XX3HE Fely-AbO3 XX YWECLL L
AMMWAKIIEH 03APA JATbIHACbBLIH 3EPTTEY

AHHOTaUMsA. XK/MbIC reTeporeHi KaTanuTUKanblk XYWenepgiH aacopbuusnaHraH  MonieKynanapmeH
apeKeTTecyiH 3epTTeyre apHairaH. OHfa MK crnekTpockKonuacbl MeH TepMonporpaMmMasibiK fecopbumnsa agramex
anblHraH y-Al203okcugi MeH Fely-Al203>xYeciHiH aMMUaKneH apeKeTTecy HITVXKeNepi KenpLureH.

y-Al203 okcugi meH Fely-Al203 xpTeclilw, aMMmuakneH 3pekeTTecy KesiHAe eKeyiHiH fe 6etwgen
MK cnekTpockonuacbiH 293-773K TemnepaTypa apanbirbiHia KongaHy apKbinbl JIblouc X3He BpeHcTes KbIWKbII
opTa/iblKTapbl aHblKTangbl. OcCbl  OpTasibluTapra CIMKec KeneTiH CiHIpY )XK0/MakTapbiHbIL, —CanbICTbIpMasbl
KapKbIHAbIbITbI aMMUaKIeH 3peKeTTecy TeMnepaTypacbiHa 6ainaHbICTbI.

Anaiifa aliTap/biKTali aliblpMallbl/ibIKTap aHbIKTa/Abl.

Fe / y-Al203XYWeciHe KaTbICTbI:

- cyTeri 6ainaHbicTapbiMeH 6ipikkeH -OH TonTapbiHa XaTaTbIH CiHIPY X0MaKTapbIHbIL, CaHbIHbIH eCYi;

- J1bIOUC KbILWKbIbl OPTa/IbIKTapbiHa 6alinaHbICTbl CiHIPY X0NaKTapbIHbIL, CaHbIHbIL, apTybl;

- NH4+ ammoHuiAi moHgapbiHgarbl N-H To6biHbIL TepbeniciHe calikec KeneTw >KOMAakTbIl nadga 6onybl -
BpeHcTeq opTa/ibIKTapbl (a/TIOMUHNIA OKCUAI XKarjaibiHaa BaneHT/IK Aipin 6aikanvagpl).

BalikanraH epekwenikTep Tpek 6eTiHae (y-Al203) Temip Ke3geceTiH KOMMOHEHTTLY, 60/1yblHa 6ainaHbICTbl. B~
TYXbIPbIM Hen3aenreH, eliTkeHi Fe-O faiinaHbicTapbiHa Kapaii clypy AnanasoHbl Fely-Al203 6acTanksl XY MeciHge
faiikanagbl x3He Fely-Al203 xYWeci ammmakneHn 773K apekeTTecKeHfe Cilipy >xonakTapbl MK cnekTpLuL, y3bIH
TONKbIHAAp avmMarbiHga 6onagbl, onap Al-O-Fe TonTapbiHaarbl 6alinaHbicTapra KatbiCTbl 60nbIn Kenear COHbIMEH
Karap, XM inik gnanasoHbiHia JIbionc KbIWKblIbl OPTa/ibIKTapblHa CIAKeC KefeTL all py XonaKTapblHbIL, bIFbICYbl 4a
K¥pamblHaa Temip 6ap KOMMOHEHTTIL, aacopbums opTasbiKTapbiHa acep eTyL fanengeifi.

AnoMuHMiA  okeugi  y-AlzO3 xaHe  3%Fely-Al203  13%Fely-Al203 xYVlenepiH 3epTTey H3TWXeCiHze
TeMnepaTypasibIK WKana 6oibiHWa 293-773K TemnepaTypasiblK MHTepBasbiHAa aMMmuakTiy T/ kemenmMeH y-Al203
6eTiHeH agcopbumsnadHraH NH3 - 6eTTiK WKana 6oiibiHWa 6ec Wiy, TYPiHAe AecopbalmanaHaTbiHbl aHbIKTaNgpbl, a
3% Fely-Al203>3He 13%Fely-Al203)yiie 6eTiHeH - XeTi WhbIY TYPiHAe fecopbayusnaHaTbiHbl aHbIKTaNAbI.

[JecopbumnanaHraH amMuakTbIl, Xannbl Menwepi aacopbuma TemnepaTypacbiHbil, XOrapbliaybl HerisiHie
anTapnblKTal asanaTblHAbIrbl  KepceTingi. CoOHbIMEH KaTtap, TemnepaTypaHbil, >KeKenereH LWblybl  YLWiH
agcopbuusinaHraH aMmMuak mesillepi asaibin, 3KCTPeMyMHaH eTyi HemMece LWamaMeH esrepmeyi MymklH. Fely-Al203
XYW eci YLWiH KocbIMLLIa 4ecop6UMS WbILbIHbIL, Naiiga 601ybl aMlOMUHUI OKCUAiHIL, 6eMHAen TeMipre 6aiiNaHbICTbI.

y-Al203 okcugi mMeH Fely-Al203 YWeci YiiH Aecopbuns WbILbIHbIL, TeMnepaTypasiblK ANanasoHblH ecKepe
OTbIPbIN, 0MapAbll, K¥paMblHAA 3/1Ci3 KbIWKbIT OpTa/bIiKTapbl (gecopbuusa TemnepaTypacbl 523K peliiH), opTawa
KYWTIK KbIWKbI1 OpTanbiKTapbl (gecopbumsa TemnepaTypacbl 523-TeH 613K pgeiiiH) 3He KYLWTi KbIWKbII
opTasibIKTapbl (decopbums TemnepaTypacbl 613 TaH Xorapbl) 6ap ekew aHbikTangbl. KepceTinreH temnepatypa
AnanasoHblHAa fecopbumsanaHrad ammmakTbIL Menwepi TYPAi KbILWKbUT OPTa/IbIKTapbIHbIL, CAHABIK enLeMi penHae
KbI3MeT eTe anafpl.

TYWiH ce3fep: reTeporeHfi KaTanms, pUsnKa-XUMUSAMbIK 3epTTey 3ficTepi, afcopbumusnaHraH MosieKynanap.
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AO «/HCTUTYT TONIMBAE, KaTanm3a u aneKTpoxumunm nm. .B.CokonbcKoro», AnmMartsl, KasaxcrtaH

B3AVMOAENCTBUE KATAJIMTUUYECKOW CUCTEMBbI Fely-AbO3
C MONEKYJTAMW-30HAAMU
I1l. AICCNELOBAHUE B3AUMOAENCTBNA AMMUAKA
C OKCUAOM y-AbO3 I CUCTEMOW Fely-AbOs3

AHHOTauunsa. PaboTa NocBsLeHa MCCNeA0BaHNI0 B3aMMOAENCTBUSA TeTepOreHHbIX KaTaIMTUYECKUX CUCTEM C
afcopbmpoBaHHbIMW MoneKynamMu. B Hell npefcTaBneHbl pesynbTaTbl N0 B3aVMOLENCTBUIO C aMMWAKOM MCXOAHOI0
okcuga y-Al203 n cuctembl Fely-Al203 nonyyeHHble ¢ noMowbio MK-cnekTpockonun n MeToda TepMonporpaMmmu-
poBaHHo gecop6unn.
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C nomowbio MK-cneKTpocKonmMn Ha NoBePXHOCTU Kak okcuaa antoMuHusa y-Al203 (HocuTensb), Tak U CUCTEMbI
Fely-Al203 npu nx B3aMMOAeCTBUM C aMMMaKOM B TemnepaTypHOM wuHTepBase 293-773K 6blavM 06HapyXeHbl
KUCNOTHbIE LEHTPbLI Jlbtouca n bpeHcTega. OTHOCUTENIbHASA NHTEHCUBHOCTb MO0C NOTMOLEHNS, OTBEYAIOLWNX 3TUM
LeHTpam, 3aBMUCUT OT TeMnepaTypbl B3aMMOAENCTBMSA C aMMUAKOM U C €€ pocTOM najaeT Kak ana okcumga y-Al203,
TaK 1 ansa cuctembl Fely-Al203.

BMecTe ¢ TeM, BbISIB/IEHbI U CYLLECTBEHHbIE PA3/INUNS.

[nsa cuctembl Fely-Al203nmeeT mecTo:

- YBE/IMYEHME KOMIMYecTBa [MOM0C MOrfoweHns, oTHocawmxea K rpynnam -OH, 06beAnHEHHBLIX Ha
NMOBEPXHOCTW BOAOPOAHBLIMU CBA3AMU;

- YBENIMYEHNE KONNYeCTBA NOJIOC NOM/OWEHNSA, OTHOCALLMXCA K NIbIONCOBCKUM KUCNOTHBLIM LigHTpawm;

- MosIB/IeHMe MO/0Chl, OTBeYaloLLeil BaleHTHbIM KonebaHmam rpynn N-H B noHax ammoHuss NH4+ - LeHTpbI
BpeHcTega (B criyyae oKcunia antoMUHNSA BaNeHTHbIX KonebaHuii He Habioaanoch).

Habniopatowmeca 0COBGEHHOCTWU CBA3AHbLI C NMPUCYTCTBMEM Ha MOBEPXHOCTW HocuTensa (oKcupa antoMuHUA
y-Al203) xenesocogepalleli KOMMOHEHTbl. Takoe yTBepXKAeHuMe 060CHOBaHO, MOCKO/IbKY B UCXOLHOW cucTeMe
Fely-Al203 HabntogaeTcs nonoca MOr/oweHnsl, oTHocAwasnca K ceassMm Fe-O, a npu B3aMMOAelCTBAU CUCTEMBbI
Fely-Al203 ¢ ammmakom npu 773K B AIMHHOBOIHOBOM 061acTu VMIK-CneKTpoB NPUCYTCTBYHOT MOJIOCHI MOF/IOLLEHUS,
KOTOpble, BEPOSATHEl BCero, 0THOCATCA K cBA3AM B rpynnax Al-O-Fe. Kpome Toro, o BAWSHWM Xene30coaepikaLLei
KOMMOHEHTbI Ha LEeHTPbl aAcopoLnmn CBUAETENLCTBYET U CMELLLEHUE M0 YacTOTHOMY AnanasoHy NnoJsioc MorsoweHus,
0TBEYaloLLNX JIbIOUCOBCKUM KUC/TOTHBIM LIeHTpam.

B pesynbTarte nccnegoBaHuii okcmaa antomMmHmsa y-Al203 n cuctem 3%Fely-Al203, 13%Fely-Al203 ¢ nomoLbio
TNA ammuaka B TemnepaTypHOM WHTepBane 293 - 773K ycTaHOB/IEHO, 4TO C MoBepxHocTU Yy-Al203
agcopbupoBaHHbI NH3 no TemnepaTypHOii LWKane fecopbupyeTca B BuAe NATU MMKOB, a C NOBEPXHOCTU CUCTEM
3%Fely-Al2031n 13%/Fely-Al203- B BUae cemu.

lNokas3aHO, 4YTO CYMMapHOe KOJ/INYECTBO [eCOpOMPOBAHHOIO amMmuaka 3aMeTHO YMEeHbLUAeTCA C POCTOM
TemnepaTtypbl agcopbuuu. Mpu 3aToM AN OTAeNbHbIX TemnepaTypHbIX MWKOB KOMWYECTBO afcopbmpoBaHHOro
aMMMakKa MOXEeT KaK YMeHbLUaTbCA, TaK W MPOXOAUTb Yepe3 IKCTPEMYM WM OCTaBaTbCA MPUGIN3UTENBHO
MOCTOSAHHbIM. [osBNEHNe AONONHUTENbHbBIX MUKOB Aecopbumnmn ans cuctembl Fely-Al203 cBA3aHO C HAHECEHHON Ha
OKCUA a/TlOMUHNSA Xene3ocoaepikalleli KOMMNOHEHTOW.

Mcxoaa mn3 TemnepaTypHOro MHTepBana CyLLeCTBOBaHWUA [ecOp6UMOHHbBIX MUKOB A1 OKCua atoMUHUA
y-Al203 n cuctem 3%Fely-Al203, 13%Fely-Al203 cienaH BbIBOA, YTO B HUX MPUCYTCTBYIOT criabble KUCMOTHbIE
LeHTpbl (TemnepaTtypa gecopbumn fo 523K), KMCMOTHbIE LEHTPbI CpeaHeli cunbl (Temnepartypa gecopbuumn oT 523
0o 613 K) n cubHble KUCMOTHbIE LEHTPbI (TemnepaTtypa fecopbuun cebiwe 613K). Ob6bem fecopbrpoBaHHOroO
aMMMaKa B yKasaHHbIX TeMNepaTypHbIX MHTepBasiax MOXET CAYXXUTb KO/IMUYECTBEHHOW MepPOli KMCNOTHbIX LLEHTPOB
pasnuMyHoro Tuna.

KnioueBble C/i0Ba: reTepPOreHHbIN KaTanms, GU3MKo-XxuMmnveckne MeToAbl UCCNefoBaHWsA, afcopbupoBaHHble
MOJIEKYIbI.
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