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INTERACTION OF THE Fe/y-AbO CATALYTIC SYSTEM
WITH PROBE MOLECULES
IV. STUDY OF THE INTERACTION OF HYDROGEN WITH Y-AI203
OXIDE AND THE Fe/ly-AhO3 SYSTEM

Abstract. The work is devoted to the study of the interaction of heterogeneous catalytic systems with adsorbed
molecules. The results of the interaction with a hydrogen of y-AbOs oxide and the Fe/y-AbOs system using IR
spectroscopy, methods of temperature programmed desorption and temperature programmed reduction by hydrogen
are presented. An ability of the system to adsorb and activate the initial H. probe molecule was defined and an
assessment of the active (adsorption) centers was made.

Various adsorption centers were detected during their interaction with hydrogen in the temperature range
293-773K on the surface of both y-Al:Os oxide and the Fe/y-AbOs system using IR spectroscopy. The relative
intensity of the absorption bands corresponding to these centers depends on the temperature of interaction with
hydrogen.

The adsorbed hydrogen is desorbed in the form of two peaks on the temperature scale from the y-Al-Os surface
and in the form of three peaks from the surface of the Fe/y-AbO3 system. The appearance of additional desorption
peaks for the Fe/y-AbO3 system is associated with iron deposited on alumina. It was concluded that on the surface of
y-AbO3 oxide and the Fely-AbO3 system, there are adsorption centers that differ in energy characteristics (binding
energy). Moreover, these characteristics may also depend on the percentage of the iron-containing component on the
surface of aluminum oxide.

Two adsorption peaks are observed on the temperature scale for y-AbO3 oxide and in the case of the Fe/y-AbO3
system, in addition to two adsorption peaks, a desorption peak is also observed using the TPR method of hydrogen.
y-Al:Os oxide and the Fely-Al:Os system contain different states of metal oxide forms, since several maxima are
clearly distinguishable on the TPR curves of hydrogen which indicates the reduction of particles of various
compositions.

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

Introduction. One ofthe most common and highly effective methods for studying adsorption centers
on the surface of supports and heterogeneous catalysts are infrared spectroscopy [1-5], temperature
programmed desorption (TPD) and temperature programmed reduction (TPR) [6-10]. The use of IR
spectroscopy to study the donor-acceptor surface properties is based on the spectral probe 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 strength of active sites is judged by the position of the peaks on the temperature scale in the TPR
and TPD methods and the activation energy ofthe probe molecule, and its area can serve as a measure of
the quantity of centers of various types.

This work is a continuation of studies on the interaction of a heterogeneous catalytic system with
adsorbed molecules [11-13].

Experimental. Fe/y-AhO3 system with an iron content of 3; 13 wt.% was prepared by impregnating
[10-13] the initial y-AhO3 oxide with an aqueous solution of iron acetate, followed by drying and
calcination in air.
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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 dropped to 293K. Then, the temperature decreased to 293K.
Next, hydrogen purging began at the required temperature (from a given temperature range of 293-773K)
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"
', number of scans - 200.

Temperature programmed desorption (TPD-H2)

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 hydrogen adsorption:

- vacuum treatment 30 minutes;

- sample dehydration in a stream of dry argon (3-5 ml/min) at a temperature of 623K for 120 minutes.

Hydrogen adsorption:

- hydrogen feed rate 5 ml/min;

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

Programmed desorption of hydrogen:

- temperature variation range from 293 to 773K;

- speed - 12K/min;

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

- detector sensitivity 1:8.

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 hydrogen desorbed in the corresponding temperature range was determined by peak areas,
having previously established how much hydrogen corresponds to the area unit.

Equipment - "CETARAM" thermo analyzer, France.

Hydrogen temperature programmed reduction (H2-TPR)

Conditions forpreparing samples for hydrogen reduction:

- vacuum treatment 30 minutes;

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

Hydrogen reduction:

- temperature variation range from 293 to 773K;

- speed - 12K/min;

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

- hydrogen concentration 5%;

- detector sensitivity 1:8.

Equipment - "CETARAM" thermo analyzer, France.

Results and discussion. Investigation of the Fe/y-AhOs system using FTIR spectroscopy during
hydrogen adsorption.

The interaction ofy-Ah-s oxide and the Fe/y-Ah-s system with H. was studied in the "In Situ” mode
in the temperature range 293-773K. The data obtained for y-Ah-s are necessary as reference points for
comparison when studying the Fe/y-Ah-s system.

Figures 1-14 show the IR spectra of y-Ah-s oxide and the Fe/y-Ah-s system when interacting with
hydrogen at different temperatures and table 3 shows the results oftheir interpretation.

In the initial y-Al2-s oxide (Figs. 1-7, Table 1), as well as in its interaction with hydrogen, the IR
spectra contain absorption bands corresponding to -OH groups bound on the surface by hydrogen bonds,
absorption bands from Al-O bonds, and also vibrations of CH bonds in the -CH, -CH2z, -CHs groups (in
trace amounts). A small amount of hydrocarbons, apparently, remained in the y-Al.-s oxide after
synthesis.
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There is also an absorption band related to -OH bridging groups bound to aluminum ions in
octahedral and (or) tetrahedral coordination. However, upon interaction with hydrogen, this absorption
band disappears.

Absorption bands appear associated with the Lewis acid sites upon interaction with hydrogen. As
temperature increases the relative intensity of the absorption bands corresponding to the Lewis centers
decreases noticeably and the band shifts to the long-wavelength region (figures 2-7, table 1).
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Figure 1- IR spectrum of the initial y-AhOs oxide
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Figure 2 - IR spectrum of y-AkQOs oxide after hydrogen adsorption at 293K
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a b
a- 4000-3000 cm range; b -1750-400 cmu range
Figure 3 - IR spectrum of Y-ALOs oxide after hydrogen adsorption at 373K
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Figure 4 - IR spectrum of Y-ALOs oxide after hydrogen adsorption at 473K
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Figure 5 - IR spectrum of Y-Al203 oxide after hydrogen adsorption at 573K
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Figure s - IR spectrum of Y-AlzOs oxide after hydrogen adsorption at 673K
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Figure 7 - IR spectrum of y-AhQO:s oxide after hydrogen adsorption at 773K
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Figure 8 - IR spectrum of the initial 13%Fe/y-AhO3 system
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Figure 9 - IR spectrum of the 13%Fe/y-AkO3 system after hydrogen adsorption at 293K
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Figure 10 - IR spectrum of the 13@oFe/y-AhO3 system after hydrogen adsorption at 373K

a

b

a - 4000-3000 cm'lrange; b - 1750-400 cm'lrange
Figure 11 - IR spectrum ofthe 1306Fe/y-AhO3 system after hydrogen adsorption at 473K
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Table 1- Interpretation of the data of the IR spectra of y-AkO3 and y-AhO3 upon interaction with Hz in the range 293-773K

Absorption bands, cm-1

T, K Sample
y-AkO3 Fely-AhO3
1 2 3

3699 3702
3453,3250 3452,3212

293 3404, 3301,
1633, 1571, 1632, 1584,
1524, 645 1526, 623
1457, 1391 1468, 1400, 1358
1088, 1048 1068
818, 753 804, 728
565 550

Interaction with hydrogen
3493, 3220 3582,3253
3339 33%,
1631, 1588, 623 1637, 1576, 606
1462, 1406, 1463, 1420,
1353 1382,1352

203 1264,1154, 912
1738, 1699
1106, 1024, 878  1086,1019
820-700 region 842
3492, 3220 3483,3252
3385
1631, 1586, 597 1629, 1584, 616
1466, 1428,
1402, 1348 1462, 1403,1341
1265,1156 1167

373
1743,1697 1742
1020 1019
820-700 region 874
3489, 3218 3472,3241

473
1631, 1586, 602 1628, 1588, 621

Assignment of absorption bands

4

Initial states
Stretching vibrations of bridging -OH groups bound to aluminum ions in
octahedral and (or) tetrahedral coordination
Stretching vibrations of -OH groups bound on the surface by hydrogen bonds
Stretching vibrations of -OH groups bound on the surface of alumina by
hydrogen bonds
Bending vibrations of -OH groups bonded on the surface by hydrogen bonds

Bending vibrations of C-H bonds in -CH, -CHz, -CHs groups (traces)
Stretching vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination

Bending vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination, as well as, possibly, in Al-O-Fe groups in the Fely-AkO3 system
Stretching vibrations of M-O bonds (M = Al; Fe)

Stretching vibrations of -OH groups bound on the surface by hydrogen bonds,
including those on the surface of hydroxides (3582 cm-1)

Stretching vibrations of -OH groups formed upon dissociative adsorption of
hydrogen on the surface

Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
Bending vibrations related to -OH groups (against the background of bending
vibrations of CH bonds in -CH, -CH, -CHs groups)

Bending vibrations related to -OH groups of different coordination

Stretching vibrations related to -AlH- groups (Lewis acid sites)

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

The wide unresolved absorption band (820-700 cm-1) probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral
coordination. In this region, bending vibrations belonging to the -AlH- groups
(Lewis acid sites) can also be located. The band at 842 cm-L (for the Fefy-
AKQO3 system), possibly, refers to bonds in the Al-O-Fe groups.

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

Stretching vibrations of -OH groups formed upon dissociative adsorption of
hydrogen on the surface

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

Bending vibrations related to -OH groups (against the background of bending
vibrations of CH bonds in -CH, -CHz, -CHs groups)
Bending vibrations related to -OH groups of different coordination

Stretching vibrations related to -AlH- groups (Lewis acid sites)

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

The wide unresolved absorption band (820-700 cm-1) probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral
coordination. In this region, bending vibrations belonging to the -AlH- groups
(Lewis acid sites) can also be located. The band at 874 cmL (for the Fefy-
AI203 system), possibly, refers to bonds in the Al-O-Fe groups.

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

Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
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Continuation of table 1

1 2 3 4
Bending vibrations related to -OH groups (against the background of bending

%g 1403, 1381, E’g% 1403, vibrations of CH bonds in -CH, -CHz, -CHs groups)

1264.1153 1153 Bending vibrations related to -OH groups of different coordination

1740 1741 Stretching vibrations related to -AlH- groups (Lewis acid sites)

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

1110, 1021, 875 1125 coordination.

3489, 3206 3471, 3240 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds

1630, 1574, 627 1626,1574,614 Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
Bending vibrations related to -OH groups (against the background of bending

14651430,1405, 1462 1432, \iprations of CH bonds in -CH, -Chb, -CHs groups)

1339 1409

1269, 1152 1228 Bending vibrations related to -OH groups of different coordination

573 ’
Stretching vibrations related to the groups -AlH- and -FeH- (Lewis acid sites)

1735 1673

1107, 1020, 847 10851023 ?é[)ertgihnigt?o r:/ibrations in -Al-O- groups in tetrahedral and (or) octahedral
The wide unresolved absorption band (820-700 c¢cm-1) probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral

820-700 region 81 coordination. In this region, bending vibrations belonging to the -AlH- groups
(Lewis acid sites) can also be located. The band at 811 cm-L (for the Fefy-
AKQO3 system), possibly, refers to bonds in the Al-O-Fe groups.

3684 Stretching vibrations of terminal -OH groups bonded with aluminum ions

3493,3230 3453,3240 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds

1635,1576,603 1630, 1573, 591  Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
Bending vibrations related to -OH groups (against the background of bending

1499, 1465, 1410 1467 vibrations of CH bonds in -CH, -CHz, -CH: groups)

1283, 1182, 1152 1248 Bending vibrations related to -OH groups of different coordination

673 169 Stretching vibrations related to -AlH- groups (Lewis acid sites)

1080, 1021, 882 1087, 1022 gégertgm z:]t?o r\1/i brations in -Al-O- groups in tetrahedral and (or) octahedral
The wide unresolved absorption band (820-700 cm-1) probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral

820-700 region 832 coordination. In this region, bending vibrations belonging to the -AlH- groups
(Lewis acid sites) can also be located. The band at 832 cm-L (for the Fefy-
AKQO3 system), possibly, refers to bonds in the Al-O-Fe groups.

3685 Stretching vibrations of terminal -OH groups bonded with aluminum ions

g 3480, 3248 U53 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds

1638, 1506, 603 1620 Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
Bending vibrations of -OH groups (against the background of bending

1461,1308 1460 vibrations of CH bonds in -CH, -CHz, -CHs groups)

1162, 1154, 925 1182 Bending vibrations related to -OH groups of different coordination

1683 Stretching vibrations related to -AlH- groups (Lewis acid sites)

1083, 1021, 878 1082, 1029, 940 fégartgm Qt?o r:/l brations in -Al-O- groups in tetrahedral and (or) octahedral

806 The wide unresolved absorption band (820-700 c¢cm-1) probably refers to

(in 820-700 bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral

region) coordination. In this region, bending vibrations belonging to the -AlH- groups

(Lewis acid sites) can also be located.

In the initial Fe/y-AhOs system (figure 8, table 1), as well as in the initial y-AhOs oxide there are
absorption bands related to -OH bridging groups associated with aluminum ions in the octahedral and (or)
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tetrahedral coordination, absorption bands related to -OH groups bound on the surface by hydrogen bonds,
absorption bands related to Al-O bonds. In addition, an absorption band related to Fe-O bonds is observed
in the initial Fe/ly-AhO3 system. This absorption band disappears while interacting with hydrogen. The
absorption band associated with the -OH bridging groups also disappears while interacting with hydrogen,
similar to what happened in the case ofy-AhQOs oxide.

It should be noted that in the Fe/y-AhQOs 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 [11, 12]. There were noted that during the synthesis of the Fely-AhO3 system by
impregnation partial hydrolysis of aluminum oxide can occur resulting in the formation of a certain
amount of aluminum hydroxide.

Upon interaction with the hydrogen of the Fe/ly-AhO3 system, as in the case of alumina, absorption
bands appear associated with the Lewis acid sites. The relative intensity of the absorption bands
corresponding to Lewis centers also decreases as temperature increases similarly to what was observed for
y-AhOs oxide.

At the same time there are noticeable differences (figures 8-14, table 1), in particular, the absorption
bands in the 1283-912 cm-Lregion corresponding to the bending vibrations of the -OH groups appear only
starting from 373K and this is only one band. The decrease in the number of absorption bands is possibly
associated with a partial coating ofthe hydroxyl surface of the support with an iron-containing component.
In addition, in the long-wavelength region of the IR spectra there are absorption bands that can be
attributed to bonds in the Al-O-Fe groups.

Absorption bands related to stretching vibrations associated with Lewis centers are present only in a
limited 373-573K temperature range. In addition, at 573 K, a significant (more substantial than in the case
of y-AhO3) band shift to the long-wavelength region occurs. Perhaps this is due to the fact that at 573K
Lewis centers can be associated with iron. It should be noted that the absorption bands corresponding to
the Lewis centers are not recorded at temperatures above 573K, which is in good agreement with the onset
of iron reduction in the Fe/y-AhO3 system [29]. It follows that the -Fe-H" fragments are unstable at higher
temperatures. Therefore, we can conclude that the reduction of Fe3+ to the Fe2+ state occurs upon
dissociative adsorption of hydrogen (by a peculiar hydride mechanism) with the formation of hydride
states of iron and their subsequent decomposition with the release of hydroxyl groups (water vapor).

3 Study of the Fel/y-AhOs system using temperature programmed desorption during hydrogen
adsorption in 293-773K temperature range

The surface properties of y-AkOs oxide (as a reference point) and the Fe/y-AhOs system with
different iron contents (3% Fe/y-AhO3; 13%Fe/y-Ah0O3) were studied. The results of TPD-H: for y-AhO3
oxide are shown in Figure 15 (1) and Table 2.

Adsorbed hydrogen is desorbed from the y-AhO3 surface on a temperature scale in the form of two
peaks (table 2). Over the entire temperature range of adsorption the low-temperature desorption peak A is
in 463-443K range. The amount of desorbed gas for peak A is extreme with a maximum position at an
adsorption temperature of 373K.

The high-temperature peak B in quantitative terms is much inferior to the lower-temperature peak A.
As the adsorption temperature goes up its intensity increases slightly, and the position shifts to the high-
temperature region, moreover, peak B appears only at adsorption temperatures above 373K.

It should be noted that the dependence of the total amount of desorbed gas on the adsorption
temperature passes through a maximum at 373K.

As follows from Figure 15 (2, 3) and Table 3, in the case of the 3% Fe/y-AhO3 system at adsorption
temperatures above 473K, the third desorption peak C' appears, and the amount of desorbed gas
corresponding to this peak slightly increases with increasing temperature. For the 13%Fe/y-AhO3 system,
the third desorption peak C" exists only at an adsorption temperature of 293K. At the same time, the
temperature ranges for the existence of peaks A, A', and A" for y-AhO3 oxide and Fe/y-AhO3 systems are
almost identical.

As for the amount of desorbed gas corresponding to these peaks, here the picture is not so clear. As
noted above, for y-AhO3 oxide, the amount of desorbed gas for peak A passes through a maximum at an
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adsorption temperature of 373K. The amount of desorbed gas for the A' peak (3%Fe/y-AhO3 system)
passes through a minimum at an adsorption temperature in the range 473-573K. A similar picture is

observed for the A" peak (13%Fe/y-Al203 system).

PJ "5 473 fljj ry BrO «5 n 573 B3 (73 am
Temperature. K Temperature. K Temperature. K

1 2 3

H adsorption temperature: a - 293K; b - 373K; ¢ - 423K; d - 473K;
e-573K; f- 673K; g - 773K
1- Y-ALGs; 2 - 3%dre/Y-AKOS; 3 - 13%Fely-AkO3
Figure 15 - TPD-H: profiles of Y-A-Os oxide, 3%Fefy-AkO3 and 13%kFely-AhO3 systems

Table 2 - TPD-H: study results for Y-Al.Os oxide

The maxima temperature ~ The amount of desorbed The total amount of

Adsorption :
Adsorbent temperatuee Hz, K of ijsorptlon pealés, K Ag\;as, 104mollgB desorbed gas, 104mol/g
293 458 - 19% - 19%
373 463 - 3.66 - 3.66
423 458 648 2.63 0.27 290
y-AkO3 473 453 658 243 0.43 2.86
573 458 663 2.35 055 290
673 453 663 213 055 2.68
773 443 673 1% 055 250

The results of TPD-H. for the Fe/y-AhO3 system are shown in figure 15 (2, 3) and are shown in
table 3.

The amount of desorbed gas corresponding to the B" peak (13%Fe/y-AhO3 system) increases slightly
with adsorption temperature, as was observed for y-AhO3 oxide (B peak). In the case ofthe 3%Fe/y-AhO3
system (B' peak), the amount of desorbed gas passes through a maximum at 373K with an increase in the

adsorption temperature.
The dependence of the total amount of desorbed gas for 3%Fe/y-AhO3 and 13%Fe/y-AhO3 systems
on the adsorption temperature, unlike y-AhO3 oxide, passes through a minimum (table 3).
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Table 3 - Results of TPD-H: studies for Fe/y-AhO3 system

The maxima temperature ~ The amount of desorbed

Adsorption of adsorption peaks, K gas, 104mol/g The total amount
Adsorbent temperature Hz, of desorbed gas,
K A B c A B c 10-4mol/g
293 463 653 - 298 090 - 3.88
373 463 663 - 303 103 - 4.06
423 458 663 - 314 097 - 411
39Fely-AKO3 473 463 663 - 184 068 - 2.52
573 468 - 698 187 - 0.66 253
673 463 - 693 2.62 - 0.73 335
773 453 - 703 261 - 0.76 3.37
A" B" c A" B" c
293 463 - 753 307 081 3.88
373 453 673 - 246  0.66 - 312
423 448 673 - 238 070 - 3.08
13%Fely-AkO3 473 a8 673 . 217 082 - 2.99
573 453 673 - 224 084 - 3.08
673 448 673 - 252 083 - 335
773 448 673 - 250 086 - 3.36

The appearance of the third additional desorption peak of C', C" for the 3%Fe/y-AhO3, 13%Fely-
AKkOs systems, respectively, in comparison with y-AhOs oxide is associated with the presence of an iron-
containing component on the surface of aluminum oxide. The differences between the 3%Fe/y-AhO3 and
13%Fely-AhO3 systems (temperature ranges for the existence of the B', B" and C', C" peaks) can be
explained by the fact that for the 13%Fe/y-AhO3 system coating the surface of alumina with an iron-
containing component is multilayer [11, 12].

Summarizing this section, we can conclude that on the surface of y-AhOs oxide and the Fe/y-AhOs
system there are adsorption centers that differ in energy characteristics (binding energies). Moreover,
these characteristics may also depend on the percentage of the iron-containing component on the surface
ofaluminum oxide.

4 Study of the Fe/y-AhOs system using temperature programmed hydrogen reduction in 293 - 773K
temperature range

The surface properties of y-Al-Os oxide (as a reference point) and the Fel/y-Al:Os system with
different iron contents (3%Fe/y-AhO3; 13%Fe/y-AhO3) were studied.

Figure 16 shows the TPR-H: curves for y-AhOs oxide and the Fe/y-AhOs system. The results are
shown in table 4.

The TPR-H: profiles for y-AhOs oxide (figure 16 (1), table 4) in the adsorption region (a) contain two
peaks at temperatures of 458 and 673K, and the second peak is noticeably lower in intensity. In a given
temperature range no desorption peaks are observed, which probably indicates the strength of hydrogen
bonding with the surface ofy-AhOs oxide.

The TPR-H: profiles for the 3%Fe/y-Al203 and 13%Fe/y-Al203 systems in the adsorption region (a)
also contain two peaks, but at 478 and 583 K (figure 16 (2), (3), table 4). A higher temperature peak is
also noticeably lower in intensity.
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23]
©)
a- adsorption region; b - desorption region (1) - y-AhO3; (2) - 3%Fe/y-AkO3; (3) - 13%Fe/y-AkO3

Figure 16 - TPR-H: profiles for y-AkO3 oxide
and the Fe/y-AhQ3 system in the temperature range 293-773K
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Table 4 - The results of the study using TPR-H. for Y-AlOs oxide
and the 3%Fe/y-AkO3 system in 293-773K temperature range

The maxima The maxima

Adsorbent temperature of temperature of Wexks, EWack, Wies,
adsorp?ion peaks, K adsorp?ion peaks, K 104mol/g 104molfg 104mol/g
A B C A B A+B C
Y-AtOs 458 673 - 0.94 0.22 116 -
3%aely-AkO3 478 583 703 0.92 0.33 125 0.84
13% Fely-AkO3 478 583 703 0.35 0.90 125 0.70

Weads - amount of adsorbed substance; EWads - total amount of adsorbed substance; Wdes - amount of desorbed substance.

Noteworthy is the temperature shift of the adsorption peaks for the Fe/y-AbO3 system, regardless of
the iron content, in comparison with y-AbO3 oxide. This may be due to the fact that in the case of the
Fely-AbO3 system with 3 and 13% of iron content and is almost completely coated with an iron-
containing component, as was shown using scanning electron microscopy in [11, 12 ] and therefore,
adsorption should take place on it.

In addition, (figure 16, table 4), on the TPR-H: profile for the Fe/y-AbO3 system, regardless of the
iron content, there is a desorption region (b) with a peak maximum at 703K. It should be noted that the
desorption (from 56 to 67%) of the reagent adsorbed at lower temperatures occurs in the range of ~630-
773K. This interval is well superimposed [29] on the temperature interval of the reduction of Fe3+ states to
Fe2+ states.

Since several adsorption peaks are clearly distinguishable on the TPR-H2 profiles, it can be assumed
that y-AbO3 oxide and 3%Fe/y-AhO3, 13%Fe/y-AhO3 systems contain different states of metal oxide
forms. The presence of a desorption region in the range of 630-773K for 3%Fe/y-AhO3, 13%Fe/y-AhO3
systems is apparently associated with the reduction of the Fe3+ state to Fe2+ upon dissociative hydrogen
adsorption, for example, by the mechanism:

Fe203 + H'+ H+* FeO + OH" +H" " FeO + Ne Ot

Conclusion. Studies of the Fely-AhO3 system in the temperature range 273-773K showed that its
surface is heterogeneous and represents a set of adsorption centers with different energy characteristics.

Lewis acid centers were detected using IR spectroscopy on the surface of both y-AlO3 oxide
(support) and the Fe/y-AhQOs system, during their interaction with hydrogen in the temperature range 293-
773K. The relative intensity of the absorption bands corresponding to these centers depends on the
temperature of interaction with hydrogen and decreases with its growth both for y-AhO3 and for the Fely-
A LL 5 system.

For the Fe/y-AhO3 system the -OH groups’ absorption bands in the region of 1283-912 cm-1 appear
only starting from 373 K and this is only one band. The decrease in the number of absorption bands is
apparently associated with a partial coating of the hydroxyl surface of the support with an iron-containing
component. In addition, in the long-wavelength region of the IR spectra there are absorption bands that
can be attributed to bonds in the Al-O-Fe groups.

It was shown that on the surface of y-AhO3 oxide and the Fe/y-AhO3 system, there are adsorption
centers that differ in their energy characteristics (binding energies) by TPD-H. method. Moreover, these
characteristics may also depend on the percentage of the iron-containing component on the surface of
aluminum oxide.

Using the TPR-H. method, it was found that y-AhOs oxide and 3%Fe/y-AhO3, 13%Fe/y-AhO3
systems contain different states of metal oxide forms, since several extrema are clearly distinguishable on
the TPR-H: profiles.

This work was financially supported by the State Institution “Science Committee of the Ministry of
Education and Science ofthe Republic o fKazakhstan” under the grant AP05130654.
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A.P. Bpoackuii, B.IN. puropsesa, /1.B. Komawko, E.E. HypmakaHoB,
N.C. YaHnbiwesa, AA. LLlanoBanos, N.A. LU nbirnHa, B.N. AckeBny

«[1.B. COKOMbCKMIA aTbIHAATbI XXaHAPMaWi, KaTaina XX3IHe EKTPOXUMUSA MHCTUTYThI» AK, AnimaTsl, KasaxcTtaH

Fely-AliOs KATATNTUKATbLL, )KYI7IEHLL!E 30HATbI MONEKYNAJTAPMEH 03APA OPEKET1
IV. Y-Al,Os OKCN A1 XX3OHE Fel/y-AhOs XXYUWECLU LW, CYTEM1IMEH 03APA OPEKET1H 3EPTTEY

AHHOTaUmMsA. XKyMbiC reTeporeHai KaTanuTukanblk KY/lenepaiH afcopb6TanraH MonekynanapmeH esapa
3peKeTiH 3epTTeyre apHanraH. MyHga 6acTanksl y-AlOs okcup cyTenameH >x3He WK-criekTpockonus,
TepmobarapnamanaHraH fecopouus, cyTenMeH TepmobarfapnamanaHraH TYPAeri TOTbIKCbI3LaHAbIpY 3AicTepi
apKbI/bl anbIHFaH TemipaiH TYpni Kypamasl Fely-Al20s Y VienepiHiH e3apa 3peKeTTecy HITVKeNepi KeNnpLUreH.

AnoMUHNIA okengi y-Al2s xaHe Fely-Al20s xYVleciHe KaTbiCTbl XYPrisinreH 3epTTeynep Temip KypambiHa
KapamacTaH 273 - 773K Temnepatypasiblk MHTepBa/ibIHAA GeTi GipKesKi emMec xaHe e3 anabiHa TYP/i SHepreTuKabiK
cunarTamacol 6ap agcopoLmsbiK OPTaNbIKTAP XKUbIHTbITbI EKEHAITIH KepCeTTi.

VIK-cniekTpockonus apkbinbl y-Al.Os okcnai (TackiMangayiubl) cekingi Fely-Al:Os xYVieciHae e onapgblH
CyTerimeH e3apa apekeTTecyi KesiHge 293-773K Temnepatypaiblk UHTEPBaAA JIbIOUCTLL, KbILIKbIIALI OpTa/ibIKTaphbl
aHblkTangpl. OCbl opTa/ibluTapra ayan OepeTiH XYTbINY >XONaKTapblHbIH CabICTbIPMasbl KapKblHbl CyTeriMeH
e3apa JpeKeTTecy TeMnepaTypacbiHa GaiinaHbICTbl X3He 0/ xorapbinaraHga y-Al:0s cuskTbl Fely-Al:Os xYVienepi
YLiH e TeMeHaenar

Fely-Al20: xYVieci YLiH XyTbiny xonakTapbl 1283 - 912 cm-l aiimarbiHaa, OH-TonTap YiiH Tek kaHa 373K
bactan nmainga 6onagbl XaHe 6yn Tek 6ip raHa >konak. XXyTbify >KONaKTapbl CaHbIHbIH a3atobl TEMipKypaMaac
KOMMOHEHTTEP TacbiManfayLbICbIHbIH TMAPOKCUAbLAI GETIHIH XapTblnaii >abblnybiHa 6aiinaHbICTbl 60/1ybl MyMKLL.
Bygnan 6acka WK-crnekTpnepgiH y3biH TOMKbIHAbI aiMarbiHaa Al-O-Fe TonTapbiHAarbl 6GaiinaHbiCKa XaTKbidyra
60naTbIH XYTbITY XKOMaKTapb! 6ap.

Fely-Al:0s xYVieciae 6acTankbl KYWge Fe-O 6aiinaHbiCbiHa »aTaTblH XyThiNy >Konarbl Gaiikanadsl, anaiiga
CyTenMeH e3apa 3peKeTTecKeH Kesfe Gyn XyTblly >Konarbl xoranadpl. Fely-Al2s xYVeciHiH cyTenmeH esapa
apekeTTecyi KesiHge OH-kenipnik TonTapbiMeH 6aiinaHbICTbl XXyTbiy >Konarbl fa >xoranagbl, y-Al20s okcugi
XargalibiHaa fa conaii 6onagpl.

TNA-H23gici kepceTkeHen, y-Al20s oKCMATIH 6eTiHAe x3aHe Fely-Al2s xyiienepluae e3iHiH 3HepreTuKabIK
cunaTTamanapbl  6GoibiHWA (GaiinaHbiC 3HEPruschl) epeKLUeNeHeTiH aAcopbumsbik opTanbikTap 6ap. byn
cunatTamManap aIlOMUHWIA  OKCMAIHIH GenHAe Temip Kypamabl KOMMOHEHTTEPAIH Maibi3dblK  MenLlepLue
6aiinaHbICTbl 60/YbI MYMKLL.

TMB-H: agra apkbinbl y-Al:Os okcugi xaHe 3% Fely-Al.Os, 13% Fely-Al:Os xYWenepi mMeTann okcugi
KanbiNTapblHbIH - TYpRi KYVE naiiga 6onagbl, elitkew TMIB-H2 kucbirbiHga 6ipHelle 3KCTpeMymMaap aHbIK
axblpaTblnagbl.

KypamblHaa Temip 6onraHabirbiHa kapamacTaH 3% Fely-Al203, 13% Fely-AbO3 xYWeci YwiH 630-773K
TemnepaTtypanbik MHTepBanga 703K ke3Bae MakcuMyM arfavibl 6ap gecopbums aimarbl 6aiikanagbl. 3% Fely-
Al203 13% Fe/y-Al203>KYWeci YiwiH Aecopbuys aiiMarbiHbiH 60/1ybl TEMipKypamMaac KOMMOHEHTTEPALL, HaKTbIpaK
aifTkaHga, CyTeri AMcCOLMAaTMBTI aAcopbumschbl KesiHge »ali-kKYWMiHiH Fe3rTeH Fe2+ felH KanmblHa KenyiHe
6aiinaHbICTbl, MbICa/Tbl, MEXaHWN3M 60MbIHLLA:

Fe208 + H-+ H+A FeO + OH-+H-A FeO +H0't
TYViH ce3nep: reTeporeHai Katanus, (hmanka-XMMUANLIK 3epTTey 3AicTepi, ancopbLmanaHraH MoneKyanap.

A.P. Bpoackuii, B.IN. puropsesa, /1.B. Komawko, E.E. HypmakaHoB,
N.C. YaHbliweBa, A.A. LWanosanos, N.A. LUnbirnHa, B.N. AckeBny

AO «MHCTUTYT TOM/IMBA, KaTan3a 1 anekTpoxumun um. [1.B.Cokonbckoro», Anvatel, KasaxcraH

B3AUMOJAENCTBUE KATANIUTUYECKOW CNCTEMbI Fely-AliOs
C MONNEKYNAMW-30HOAMW. IV. NCCNEAQOBAHWE BSAMMOLENCTBNA BOAOPOOA
C OKCMAOM y-AliOs N CUCTEMOW Fely-AhOs

AHHOTauus. PaboTa nocBAleHa UCCNeLOBaHWIO B3aVMOLENCTBUS FEeTEPOreHHbIX KaTaIUTUYECKUX CUCTEM C
afncopbypoBaHHbIMKM MOfEKy1ammn. B Heil npefcTaBeHbl pe3ynbTaThbl MO B3aUMOLEACTBUIO C BOLOPOAOM UCXOLHOI0
okcmpa y-AlkOs un cuctem Fely-Al:Os, € pasnnyHbIM  COAEPXKAHWEM XKenes3a, MOJY4YeHHble C  MOMOLLbIO
VK-cnekTpockonuu, MeTo40B TepMOMpPOrpaMMUMpOBaHHON Aecopbumn M TepMOMpPOrpaMM1pPOBaHHOrO BOCCTaHOB-
NEeHVs BOJOPOLOM.
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MpoBeféHHbIE UCCnefoBaHMs oKcuaa amoMuHUA y-Al203 n cuctem Fely-Al203 He3aBUCUMO OT COAepXaHus
Xenesa, B TeMnepatypHom uHtepsaie 273 - 773K nokasaim, Y4TO UX NMOBEPXHOCTb HEOAHOPOAHA W NPeACcTaBnseT
co6oii Habop afCOPOLMOHHBIX LEEHTPOB C Pas/IMYHbIMU SHEPTETUHECKMMU XapaKTePUCTMKaMMU.

C nomoLLbto NK-CrnekTpocKonmMm Ha NoBepxHOCTUN Kak okcupa y-Al203 (HocuTenb), Tak u cuctem Fely-Al203
npy UX B3aMMOZENCTBMN C BOLOPOAOM B TemnepaTypHoM uHTepsane 293 - 773K 6biny 06HapYXXeHbI KUC/IOTHbIE
ueHTpbl Jlbtouca. OTHOCUTENIbHAA WHTEHCMBHOCTbL MOJSIOC MOI/IOWEHNs, OTBEYaloLMX 3TUM LieHTpaM, 3aBUCUT OT
TeMnepaTypbl B3aVIMOAENCTBIS C BOLOPOLOM M C eé pocTOM MafjaeT Kak ansa y-Al203 Tak n gns cuctem Fely-Al203,

[ns cuctem Fely-Al203nonockl nornoweHns B obnactu 1283 - 912 cm-1, rpynn - OH nossastoTCA TOMbKO
HaunHaa ¢ 373K, 1 3T0 TOMbKO OAHa Nosioca. YMeHbLUEHWe KOonmMyecTsa Monoc NOr/oLLeHus, BUAUMMO, CBA3aHO C
4aCTUYHbIM MOKPLITUEM TMAPOKCWIIbHOM MOBEPXHOCTY HOCUTENS XKENe30Co4epKaLLeli KOMMOHEHTOM. Kpome Toro, B
O/IMHHOBONHOBOM 06nacT MIK-CNekTpoB NpUCYTCTBYHOT NO/IOCHI NOT/IOLLEHUS, KOTOPbIE MOXHO OTHECTM K CBA3SIM B
rpynnax Al-O-Fe.

B cucreme Fely-Al203 B UCXOLHOM COCTOSHUM HabofaeTcs nosoca NoriolweHns, OTHOCSLLAACA K CBA3AM
Fe-O, ogHako npu B3aMMOAECTBMM C BOJOPOAOM 3Ta Monoca NOrnioweHns nponagaet. MNpu B3aMmogeincTemm ¢
BOAOPOAOM cucTeMbl Fely-Al203 ncuesaeT 1 nosnoca NorioLweHns, cea3aHHas ¢ MOCTUKOBbIMU rpynnamu -OH, To
YKe camMoe NPouCXoaunT 1 B criyyae okeuga y-AbO3

Metogom TIMA-H2 nokasaHo, 4TO Ha MoBepxHOCTM okcuia y-Al203 n cuctem Fely-Al203 npucyTcTByoT
aficCOPOLMOHHbBIE LIEHTPbI, Pa3/IMYatoLLMEeCs N0 CBOMM 3HEPTETUYECKUM XapaKTePUCTUKaM (3Heprum cesasn). Mpuyém,
3TV XapaKTePUCTMKM MOFYT 3aBUCETb W OT MPOLEHTHOIO COAEPXKAHWS JKEe30COAePKaLLeli KOMMOHEHTbI Ha
MOBEPXHOCTW OKCUA aNKOMUHNS.

Metogom TIMB-H: yctaHoBneHo, 4to okeup y-AbO3 n cuctembl 3%Fely-AbO3 13%Fely-Al203 cogepkat
pa3fiyHble COCTOAHMA OKCUAHBLIX (DOPM MeTanna, MOCKOMbKY Ha KpuBbIX TIB-H2 yeTko pasnnummbl HECKObKO
3KCTPEMYMOB.

B TemnepaTypHoMm uHTepBasie 630 -773K gna cuctem 3%Fely-AbO3  13%Fely-Al203 He3aBUCMMO OT
cofiepXXaHus xenesa, HabnwaaeTca 06nacTb gecopbumn ¢ nNonoXxeHnem Makcumyma npu 703K. Hanmume obnactu
fecopbumu gna cuctem 3%Fely-Al203 13%Fely-Al203 BUAMMO, CBA3aHO C BOCCTAHOB/IEHWNEM XKE/IE30COAEPIKALLIEN
KOMMOHEHTbI, @ WMEHHO COCTOsHWMA Fe3+ go Fe2+ mpu guccoumaTMBHOM afcopbumn BOLOpPOAa, Hanpumep, no
MeXaHu3my:

Fe:03+ H-+ H+* FeO + OH-+H-» FeO+7 0O t

KntoueBble CNOBa: reteporeHHbI Katanus, (PU3KNKO-XMMMYeCKe MeTObl NCCeaoBaHus, afcopbupoBaHHbIe

MOJIEKY bl
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