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Abstract: The influence of surface properties on the selectivity of the syn-
thesized catalysts was studied, considering that their selectivity towards par-
ticular hydrocarbons is crucia for their overall activity in the chosen Fischer—
—Tropsch reaction. Magnesium- and iron-containing layered double hydroxides
(LDH), with the general formula: [Mg;.4Fe(OH),](CO3)yo-mH,0, x =
= n(Fe)/(n(Mg)+n(Fe)), synthesized with different Mg/Fe ratio and their
thermally derived mixed oxides were investigated. Magnesium was chosen
because of its basic properties, whereas iron was selected due to its well-known
high Fischer-Tropsch activity, redox properties and the ability to form specific
active sitesin the layered LDH structure required for catalytic application. The
thermally less stable multiphase system (synthesized outside the optimal single
LDH phase range with additional Fe-phase), having a lower content of surface
acid and base active sites, a lower surface area and smaller fraction of smaller
mesopores, showed higher selectivity in the Fischer-Tropsch reaction. The re-
sults of this study imply that the metastability of derived multiphase oxides
structure has a greater influence on the formation of specific catalyst surface
sites than other investigated surface properties.

Keywords: Mg—Fe-LDHs; hydrotalcite; acid—base properties; Fischer—Tropsch
reaction; selectivity.

INTRODUCTION

The Fischer—Tropsch (FT) reaction is an aternative route for converting syn-
gas and entails the production of hydrocarbons in the presence of various metal-
based catalysts. This reaction has been commercialy used for many years and is
il attracting much attention as a means of producing transportation fuels from
coal, natural gas and biogas.1-3 Iron-based catalysts are particularly used in the
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1662 HADNADEV-KOSTIC et al.

FT reaction due to their high activity and selectivity in syngas conversion with
low H5/CO ratios. Previous work on iron FT reaction catalyst focused on the
improvement of the performances of Fe catalysts by various metal promoters.34
This paper presents a study of the surface properties and catalytic performance of
Mg-Fe-mixed oxides derived from layered double hydroxides (LDHs), synthe-
sized within and outside the optimal range for attaining an LDH single phase.
The possibility to vary the nature and content of M(l1) and M(l1l) metals, the
synthesis parameters and methods, enabling the design of LDH properties taking
into consideration their future application, made these materials the subject of
numerous investigations, especially in the field of environmental research. The
LDH structure consists of positively charged layers compensated with anions
positioned in the interlayers.® The layered structure collapses during thermal
treatment leading to the formation of non-stoichiometric mixed oxides with a
developed surface area, and specific acid—base and redox properties.6 Mg—Fe-
LDHs described by the formula [Mg1_xFex(OH)2](CO3)y/2-mH20, where x =
Fe/[Mg+Fe] were studied. Magnesium was chosen as the M(I1) ion because of its
basic properties and the ability to enhance the selectivity towards FT products of
iron catalysts.# In addition, according to the literature, mixed oxides obtained by
thermal decomposition of LDHs can promote base-catalyzed reactions, parti-
cularly when the anions arranged in the interlayers are CO32- anions, due to their
important role in the basic properties of LDH structures.” Besides its well-known
high FT activity, iron was selected as the active M(l11) ion due to its redox
properties and the ability to form specific active sites in the layered structure
required for catalytic application.® The acid-base properties in correlation to
other physico-chemical properties of the LDHs and their derived mixed oxides
were examined. For the detection of the acid properties, pyridine adsorption was
selected since, according to the literature,® pyridine molecules are excellent for
the differentiation between Bregnsted and Lewis acid sites on the surfaces of ca-
talysts, as well as for ranking the strength and coordination of Lewis acid sites.
The presence and nature of the base-active sites on the surface of the calcined
samples were detected by phenol adsorption.

The focal point of this study was to investigate the influence of surface pro-
perties on the selectivity of the synthesized samples considering that their selec-
tivity towards particular hydrocarbons is crucial for their overall activity in the
FT reaction. The selectivity of the derived Mg-Fe-mixed oxides in the FT reac-
tion was studied in correlation with different catalyst properties obtained by Mg—
—Fe-LDH synthesis within and outside the optimal range for a LDH single phase,
especially with their textural properties, surface composition and morphology.

EXPERIMENTAL

Layered double hydroxides were synthesized by the low supersaturation coprecipitation
method at a constant pH (9.6-9.9). Aqueous solution of Mg(NOs),-6H,0 and Fe(NO3)3-9H,0

Available online at www.shd.org.rs/JSCS

2011 Copyright (CC) SCS



Mg-Fe-MIXED OXIDES 1663

were continuously dropwise mixed (4 cm3 minY) at a constant pH that was maintained by the
simultaneous addition of Na,CO5; and NaOH solution.’® The metal content was varied and
two different values of x were chosen, one being x = 0.3, inside the optimal range for single
LDH phase synthesis (0.2 < x > 0.33) and the other exceeding this range with x = 0.7. The
samples were denoted according to their starting composition: sample 0.7Mg-0.3Fe (x = 0.3)
and sample 0.3Mg-0.7Fe (x = 0.7). The LDHs were calcined at 500 °C for 5 h in air. Scanning
electron microscopy (SEM) was used to analyze the morphology of the LDHs and derived
mixed oxides and electron dispersive spectroscopy (EDS) for chemical anaysis of the surface
(JEOL, JSM-460 LV instrument). The acceleration voltage was 20 kV, with the working dis-
tance of 10 mm. Textural characterization of calcined samples (denoted K-), reduced samples
(denoted H-) and samples after FT reaction (denoted TR-) was realized by low-temperature
nitrogen sorption a —196 °C using Micromeritics ASAP 2010 instrument. The I[UPAC
classification of pores and the Barret, Joyner and Halend (BJH) method for the pore size
distribution were used for the textural analyses. Thermal analysis, thermogravimetry (TG) and
differential thermal analysis (DTA), of synthesized samples was performed using a Baehr
STA503 instrument (BAEHR, Huellhorst, Germany) in the temperature range from room
temperature to 1000 °C, at a heating rate of 5 °C min'! under a static air atmosphere. The
acid—base surface properties of the samples were investigated by detecting the amount of
pyridine and phenol adsorbed on the surface of the samples using Fourier transform infrared
(FTIR) analysis. The surface acidity of the samples was analyzed by the adsorption of pyri-
dine on the sample surfaces. The calcined samples were degassed under a vacuum atmosphere
(133.3 Pa) at room temperature for 30 min prior to the adsorption of pyridine. The pyridine
was chemisorbed on the surface of the samples a room temperature under the vacuum
atmosphere for 7 h. The surface base properties were analyzed by the adsorption of phenol on
the sample surfaces. The same procedure was used for the adsorption, the only difference
being the phenol chemisorption time was 24 h. The FTIR spectra of the previously adsorbed
pyridine or phenol on the surface of the calcined samples were recorded in the range of 4000—
—400 cm! with a 2 cmr? resolution on a Thermo Nicolet Nexus 670 FTIR spectrophotometer.
Prior to the FTIR analysis, physically adsorbed pyridine or phenol was removed from the
calcined samples under vacuum.! Selectivity tests were performed in a tubular quartz reactor
in which the chosen catalysts were loaded. The entire reactor system was placed inside a
temperature-regulated furnace. All the catalysts were in situ activated, prior to the FT investi-
gation, at 350 °C for 2 h by the reduction treatment with pure hydrogen flow of 20 ml/min.
After the reduction of the samples, the gas flow of reactants H, and CO having ratio of H,:CO
= 1:1 was adjusted and regulated by mass flow controllers. The FT reaction temperature was
either 350 °C, 375 °C or 400°C. After passing through the reactor system, aliquots of the
reaction mixture were taken with the syringe and analyzed. The reaction products were
separated on a 30 m long PONA GC-capillary column and analyzed by gas chromatography
using an HP 5890 Series Il instrument equipped with thermal conductivity (TC) and flame
ionization (FI) detectors. The selectivity (S) of catalysts was calculated using the following
formula:

F xanAx

S=100
hX ( F product NC product Aproduct

] (%]

where S — selectivity, F — detector response factor, x — desired product, nC — number of C
atoms in the product and A — value of the surface under the peak.
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1664 HADNADEV-KOSTIC et al.

RESULTS AND DISCUSSION

Characteristic X-ray diffraction patterns for LDH were detected in both
samples, LDH being the only crystalline phase in the x = 0.3 sample, whereas in
the x = 0.7 sample, an additional goethite, FeO(OH), phase was also observed as
published elsewhere.10

In order to determine the temperature leading to therma decomposition of
the LDHSs, as well as to the formation and thermal stability of the mixed oxides,
thermal analysis (TG-DTA) was performed. The mass loss and the corresponding
endothermic/exothermic transitions of the synthesized Mg-Fe-LDH samples
were simultaneously monitored. Two distinct transitions were observed on the
TG-DTA curves of both samples (Fig. 1). The first endothermic transition in the
temperature range from 90 to 200 °C accompanied by amass lossis related to the
dehydration of the samples, removal of the interlayer water and physically ad-
sorbed water. The second endothermic transition, also accompanied by a mass
loss, occurring in the temperature range from 300 to 400 °C, was assigned to de-
hydroxylation and decarbonation reactions. At higher temperatures (=500 °C),
broad endothermic peaks without mass |oss were detected, probably due to spinel
formation and Mg oxides. These findings are in good agreement with the litera-
ture.12-14 Since in both samples the second endothermic transition was detected
at temperatures lower than 500 °C, it was concluded that this temperature is suffi-
cient for completion of the formation of mixed oxides and was selected as the
calcination temperature. A comparison between the starting temperatures of spi-
nel formation at ~650 °C, corresponding to the beginning of the third endother-
mic peak in the sample 0.7Mg-0.3Fe, and at =550 °C for the sample 0.3Fe-
—0.7Mg suggests the formation of a mixed oxide phase in the single LDH phase
sample 0.7Mg-0.3Fe which is more thermally stable at higher temperatures.

—0.7Mg-0.3Fe ]
104, e .

| o 0.3mg-0.7Fe 10
; {20
SN 02
S w03
= 1-602
o SN oy
2| {-100
B s e T
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Fig. 1. TG-DTA Profiles of 0.7Mg-0.3Fe-LDH and 0.3Mg-0.7Fe-LDH.
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Mg-Fe-MIXED OXIDES 1665

For qualitative and quantitative analysis (EDS), Fig. 2, two locations for
each synthesized sample (LDH-0.7Mg-0.3Fe and LDH-0.3Fe-0.7Mg) were used
for the generation of EDS spectra. The provided elemental information revealed
that the Mg and Fe contents on the surface of the samples are in good agreement
with the targeted Mg/Fe ratios (sample 0.7Mg-0.3Fe: 70 mol % Mg and 30 mol %
Fe, sample 0.3Mg-0.7Fe: 30 mol% Mg and 70 mol % Fe), confirming the suc-
cessful synthesis of both samples. The pore size distributions of synthesized
samples after calcination (K-0.7Mg-0.3Fe and K-0.3Mg-0.7Fe) and after the re-
duction treatment (H-0.7Mg-0.3Fe and H-0.3Mg-0.7Fe) are shown in Fig. 3.
The multimodal pores size distribution of the K-0.7Mg—-0.3Fe sample showed a
small fraction of smaller mesopores (dp = 3 nm) and a broad region with meso-
pores of 10 to 90 nm in diameter, having a maximum at 15 nm and a “shoulder”
at 50 nm, indicating a significant fraction of mesopores. On the contrary, the K-
-0.3Mg-0.7Fe sample showed a region with mesopores from 20 to 70 nm having
a maximum at 40 nm and smaller mesopores were not detected, Fig, 3a. These
results are in good agreement with those of a previous study,10 in which it was
found that the presence of additional phases in a K-0.3Mg-0.7Fe sample nega-
tively influenced the development of surface area (50 m2 g—1 compared to 150
m2 g1 in a K-0.7Mg-0.3Fe sample), thereby disabling the formation of smaller
mesopores and shifting the pore size distribution region to higher vaues.

75001 ——0.7Mg-0.3Fe Fe 65.2 mol%

- -~ 0.3Mg-0.7Fe /
74.8 mol% X

34.8 mol%

1.0 1.2 L4F / 1eV 6 7 T

Fig. 2. EDS Analysis of the synthesized samples: 0.3Mg-0.7Fe-LDH and 0.7Mg-0.3Fe-LDH.
The pore size distributions of both calcined samples after the reduction treat-

ment are shown in Fig. 3. It can be observed that after reduction the pore size dis-

tribution in both samples had changed. A decrease in a fraction of smaller meso-
pores and a shift toward higher values for both peak maximum (=40 nm) and
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1666 HADNADEV-KOSTIC et al.

“shoulder” (60 nm) was observed for the K-0.7Mg-0.3Fe sample, which explains
the decrease in surface area (105 m2 g-1). In the K-0.3Mg-0.7Fe sample, a slight
shift in the peak maximum towards mesopores of <50 nm diameter and the for-
mation of a small fraction of mesopores with diameter of 3 and 5 nm were de-
tected. The decrease and increase in the mentioned diameter values resulted in an
insignificant change in the surface area, from 50 before to 48 m2 g1 after the re-
duction.10 According to the literature, this behavior is explained by the collapse
of smaller mesopores in the mixed oxides during the reduction treatment and the
formation of mesopores of larger diameters.4

0.9+ 0.9+
— K-0.7Mg-0.3Fe —— H-0.7Mg-0.3Fe

Oy K-0.3Mg-0.7Fe M 084 H-0.3Mg-0.7Fe /

Ve 0.7 e, 1044 [

-1
g nm
nm

0.6

o
=

P

dvidd . em’
.
dvidd , em’
[ ]
T

R N Y B i
1 10 100 1 10 100
d,nm d ,nm

Fig. 3. Pore size distribution of the sample a) after calcination (K-0.7Mg-0.3Fe and
K-0.3Mg-0.7Fe€) and b) after reduction treatment (H-0.7Mg-0.3Fe and H-0.3Mg-0.7Fe).

The FTIR spectra of the calcined samples and the FTIR spectra of samples
after pyridine/phenol adsorption at room temperature in air are presented in Figs.
4 and 5, respectively. Based on the spectra of calcined samples, it can be con-
cluded that all key absorption bands (3455, 2924, 1642 and 1465 cm1) of the
mixed oxides derived from LDH are present with sufficient intensities.14-16

The FTIR spectra of the pyridine pre-adsorbed samples are presented in Fig.
5a, in which absorption bands at around 1440 and 1460 cn! are observed. Ac-
cording to the literature, if an absorption band around 1540 cm1 is detected, this
is indicative for pyridinium ions adsorbed on Brensted acid sites, while bands
that appear around 1440 and 1460 cm! are attributed to coordinatively adsorbed
pyridine molecule on Lewis acid sites.917 Therefore, the detected surface acid
sites are assigned as Lewis acid sites in both samples. That more intense bands
are visible in the spectrum of the K-0.7M@-0.3Fe-P sample implies a higher num-
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Mg-Fe-MIXED OXIDES 1667

ber of acid sites with stronger surface interaction are present on the surface of this
sample. The smaler number of acid sites present on the surface of the sample
synthesized outside the optimal range for a single phase LDH could be explained
by the negative effect of the formation of the additional Fe-phase and smaller
fraction of LDH-derived mixed oxide phase.

g0 K-03Mg0.7Fe
—— K-0.7Mg-0.3Fe A

Fig. 4. FTIR Absorption bands of the cal-
3600 3000 2400 1800 1200 cined samples (K-0.7Mg-0.3Fe and K-
v/em?t -0.3Mg-0.7Fe).

904 90
—— K-0.7Mg-0.3Fe-P —— K-0.7Mg-0.3Fe-Ph

---- K-0.3Mg-0.7Fe-P ---- K-0.3Mg-0.7Fe-Ph

804

70

604

(b)

1700 1600 1500 ||4'nn 1300 1200 1700 1600 1500 1400 1300 1200
v, cm’ v.em’

Fig. 5. FTIR Spectra of the calcined samples a) pyridine adsorbed (K-0.7Mg-0.3Fe-P and
K-0.3Mg-0.7Fe-P) and b) phenol adsorbed (K-0.7Mg-0.3Fe-Ph and K-0.3Mg-0.7Fe-Ph).

The FTIR analysis of the pre-adsorbed phenol samples (Fig. 5b) showed the
presence of absorption bands at around 1604, 1485, 1265 and 1170 cmL in both
samples, assigned to base active sites.18 According to the literature reference,
phenol molecules chemisorbed on base active sites on sample surfaces generate
the most intense FTIR absorption bands of their functional groups at wave num-
bers intervals ranging from 1605-1594, 14851475, 1260-1224 and 1180-1170
cmrL, In the spectrum of the sample K-0.7Mg-0.3Fe-Ph with a higher Mg con-
tent, more intense peaks related to the adsorbed phenol were detected, indicating
a larger number of base active sites on its surface compared to the K-0.3Mg—
—0.7Fe-Ph sample. This significant decrease in the number of base active sites on
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1668 HADNADEV-KOSTIC et al.

the K-0.3Mg-0.7Fe-Ph sample surface could be explained by the smaller amount
of Mg, the additional Fe-phase and smaller fraction of the LDH-derived mixed
oxide phase.

These results support the hypothesis that the FT selectivity should be higher
on the K-0.7Mg-0.3Fe-Ph sample due to the higher content of base active sites
and the ability of the Mg oxide phase to enhance the selectivity towards FT
products of iron catalysts.4

The sdlectivity of al samples at different reaction temperatures (350, 375
and 400 °C) with an H2:CO ratio of 1:1 are presented in Fig. 6. The sample with
the highest Mg content (0.7Mg-0.3F€), having a larger number of base sites
compared to the other sample (0.3Mg-0.7Fe) exhibited lower selectivity at all
three reaction temperatures. Comparing the selectivity of samples towards Cs-
and Cs-compounds after 100 min of the FT reaction, the sample 0.7Mg-0.3Fe
showed low sdlectivity towards C4-compounds, while selectivity towards Cs-com-
pounds was not detected despite the variation of the reaction temperature. This
low selectivity could be explained by its stable structure, disabling high catalytic
performance, observed and published elsewhere.10 The sample synthesized out-
side the optimal range and with the highest Fe content showed sel ectivity towards
both C4- and Cs-compounds after 100 min of FT reaction at all reaction tempera
tures. Therefore, athough the K-0.7Mg-0.3Fe sample, synthesized within the
optimal range for single phase LDH, has a larger number of base active sites on
the surface, the K-0.3Mg-0.7Fe sample showed higher selectivity, Fig. 6, at all
three FT reaction temperatures, implying that other surface properties also have a
great impact on catalytic selectivity in the chosen reaction.

0.7Mg-0.3Fe, H,:CO=1:1, 100min 0.3Mg-0.7Fe, H,:CO=1:1, 100min
604 _~ - 60- =
_so{p h 5y 50 =
\e . 5
[=)
~ 404 o I):
g o r T 4y o
=304 L oy O« o o’
o) T o= ' - el =z
2204{|[7C = o i n o
5! =, = . o "
0! ” S o I;—;
& 3
o+ L1 AL, ” —— 0+ . [l” A
350°C 375°C 400°C 350°C 375°C 400°C

FT products

Fig. 6. Selectivity of calcined samples after the reduction process at different FT reaction
temperatures after 100 min of the reaction.
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The results of textural analysis of both reduced samples before and after the
FT reactions at different temperatures are presented in Figs. 7 and 8. The surface
area of the reduced H-0.7Mg-0.3Fe sample had not changed significantly after
the FT reaction at 350 °C, being aso the temperature for the reduction treatment.
With increasing FT reaction temperature, the surface area increased, as well as
the amount of both larger mesopores (3040 nm) and the amount of smaller me-
sopores (2-3 nm), Fig. 8a This could be explained by the “prolonged” calci-
nations, evolution of the remaining, trapped carbonates and by the influence of
the formed FT products. The increase in surface area, together with better acid—
—base properties, did not have positive effects on the selectivity in the FT reaction.

0. 7Me-0.3F¢
140 - [ 0.3Mg-0.7Fe

Fig. 7. Surface aress of the re-

duced, calcined samples be-

fore (H —350 °C) and after FT

reactions at different tempera-

0 , : , , : , : tures (TR — 350 °C, TR — 375
H-350°C TR -350°C TR-375°C TR-400°C °C, TR—400 °C).

In the sample 0.3Mg-0.7Fe, the surface area slightly increased during the FT
reaction, but did not change significantly with change in the reaction tempera-
ture, although a small change in the pore size distribution was observed. With in-
creasing reaction temperature, the fraction of larger mesopores in range from 35
to 45 nm decreased with the simultaneous increase in fraction of smaller meso-
pores in range from 2 to 4 nm (Fig. 8b), resulting in no significant change in the
values of surface area (Fig. 7). It should be noted that TG/DTA analysis revealed
that the formation of the spinel phase commenced at lower temperatures (=550
°C) in the sample 0.3Mg-0.7Fe, indicating a less stable structure compared to the
0.7Mg-0.3Fe sample (=650 °C). Although having a smaller surface area and
smaller number of acid-base sites, the 0.3Mg-0.7Fe sample showed higher se-
lectivity towards the desired products in the FT reaction. This is probably due to
its metastable structure of a non-stoichiometric mixed oxide, which has a greater
influence on the formation of active sites on the catalyst surface than the other
investigated surface properties.
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Fig 8. Pore size distribution of samples a) 0.7Mg-0.3Fe and b) 0.3Mg-0.7Fe after the
reduction treatment and after FT reactions at different temperatures.

CONCLUSIONS

The characterization of the Mg—Fe-LDH samples confirmed their successful
synthesis having an Mg—Fe content in good agreement with desired Mg/Fe ratio
set before the synthesis. The properties of the mixed oxides obtained by thermal
treatment and their surface properties were highly influenced by the Mg/Fe ratio.
Thermal analysis of the synthesized LDHSs revealed the formation of more stable
mixed oxides when originating from the single LDH phase sample compared to
the sample synthesized outside the optimal range. The metastable multiphase sys-
tem (LDH and additional Fe-phase) with alower number of surface acid and base
active sites, a lower surface area and a smaller fraction of the smaller mesopores
showed a higher selectivity in the FT reaction, implying that the metastability of
the derived multiphase oxides structure had a greater influence on the formation
of active sites on the catalyst surface than the other investigated surface pro-
perties.
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U3BO I
Mg-Fe MEIIOBUTH OKCHUJIM TOBUIJEHU PA3I'PAIIbOM JIBOCTPYKUX CJIOJEBUTUX
XUAPOKCUJA: UICITMNTUBABA CBOJCTABA ITIOBPIIMHE
MWJIMLIA C. XATHABEB-KOCTUR', TATJAHA J. BYJINR', PAIIMIJIA T1. MAPUHKOBUE-HEJTYUVH',
AJIEKCAHJIAP I. HUKOJINR® 1 BPAHUCTIAB JOBUR?

" Texnonowru paxyaimieiss, Ynusepsuiieii y Hosom Cady, Bya. yapa Jlazapa 1, 21000 Hosu Cad u*Ilpupodro-
maitemainuyxu Paxyattieis, Ynusepauiteii y Hosom Cady

VYTHunaj cBojcTaBa NOBPIIMHE HA CENEKTUBHOCT CHHTETHCAHHUX KaTallM3aTopa je UCIUTHUBAH Y3H-
Majyhu y 063up 11a je ceneKTUBHOCT npeMa opeheHrM yTribOBOAOHUIIMMA O] IIPECy IHOT 3Hadaja 3a
YKYIIHY aKTUBHOCT y onabpaHoj ®umep—Tponm peaknuju. AHaNIU3UpaHU Cy ABOCTYKHU CIIOjeBHTH
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Mg-Fe-MIXED OXIDES 1671

XHAPOKCHIM ca MarHe3ujymoM u reoxlem, ommre popmyne [Mgq.xFe(OH)ol(CO3)yyo-mH0, X =
=n(Fe)/(n(Mg)+n(Fe)) cuurerucanu mpu pazmuaurum Mg/Fe onqHocnma, Kao ¥ MEIIOBUTH OKCUAN
HACTAJIM HBUXOBOM TEPMHYKOM pas3rpaamoM. VI300p rpajuBHHX MeTajla 3a CHHTE3Yy KaTanu3aropa
3aCHOBAaH je Ha MO3HATHM CBOjCTBMMA rBoxha, Kao ITO Cy BHCOKa akTUBHOCT y Pumep—Tpom
peakLuju ca peoKC KapaKTepHCTHKaMa, Kao M MoryhHoct dopMupama criennpUIHUX aKTHBHHX
LIeHTapa y ciojeButoj cTpykrypu LDH; marunesujym je nmpBencTBeHO ogabpan ycien 6a3HHX CBOj-
craBa oaroBapajyher okcuzaa. TepMudku Mame crabuian BumieasHu cucreM (CHHTETHCAH BaH OII-
cera ONMTHMANHOT 3a cuHTe3y jeanodasuux LDH ca momarHoMm ¢a3om reoxla) mokasyje Behy ce-
nektuBHOCT y Ouinep—Tponun peakuuju, 1 Nope eBUICHTHO Mabe KHCEInX U 0a3HUX LIeHTapa Ha
MIOBPLIMHY U clabuje pa3BHjeHe creluduyuHe MOBpIINHE, Y3 CMambeH yJIeo Mambux Me3omnopa. Pe-
3yJITATH UCTPaKHBamkha YKa3yjy Ja METacTaOWIIHOCT CTPYKType IoOWjeHnX BHIIe(ha3HUX OKCHIA
nmMa Behu ytuiaj Ha GpopMupame crieliuHIHIX TOBPIIMHCKUX LIEHTapa KaTalu3aTopa Hero ocrana
HCIIUTHBaHA CBOjCTBA MOBPILIHHE.

(TMTpumsbeno 29. anpua, pesnauparo 1. jyrna 2011)
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