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Nickel-containing (1-10 wt.%) Catalysts based on NaX zeolite in the reaction of 1-propanol oxidative
conversion have been investigated. The phase composition and magnetic properties of these systems before
and after the reaction have been characterized by the methods of X-ray phase analysis (XPA) and electronic
magnetic resonance (EMR). The dependence of the catalytic properties on the nickel content in the catalysts
and the reaction temperature has been established. It was shown that the main gas-phase products of this
reaction are propylene CsHg, propenal (acrolein) C3H4O, propanal C3HgO, and carbon dioxide CO,. At
reaction temperatures up to 623K, propylene is formed from the target products, and at temperatures above
623K, propanal and propenal are formed. It is assumed that the latter are formed as a result of the oxidation
and oxidative dehydrogenation of propylene formed at the initial stage of the conversion of propanol-1. It
was shown that among the studied catalysts, the highest propanal yield was observed for samples containing
5 wt% nickel, and the highest propenal yield was observed for a 10 wt% Ni / NaX sample. With the
conversion of propanol-1 on NiNaX catalysts, propene can be obtained with a yield of 22.3% with an alcohol
conversion of 65.4% at a temperature of 623K. At the same time, at temperatures above 623K, propanol-1 is
dehydrogenated into propanal, and propenal is also formed. It was found that the zeolite matrix provides the
formation of highly dispersed nickel oxide during the decomposition of deposited nickel nitrate. The average
size of the resulting NiO particles does not exceed 30 nm, which is noticeably smaller than that of NiO
particles formed during the decomposition of individual nickel nitrate. The EMR spectroscopy data show
that the nickel oxide stabilized in the zeolite structure is superpara/ferromagnetic. It is assumed that the
active phase in the obtained systems are nanostructured NiO particles with active oxygen. The mechanism of
the reaction with the participation of NiO particles and the possibilities of X-ray diffractometry and EMR
spectroscopy as methods for controlling the size-dependent catalytic properties of nickel-containing zeolite
systems are discussed.

Keywords: oxidative conversion, propanol, nickel-containing zeolite NaX, phase composition, magnetic
properties.
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Introduction
Currently  developed methods for properties. Along with this, methods are also
modifying zeolites, including ion exchange, being developed for obtaining effective
changing the composition of the crystal lattice catalysts, which are based on the introduction of
give the ample opportunities for the directed guest particles of various natures into the
regulation of their acid-base and redox structure of zeolites. Within the framework of
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this approach, the creation of zeolite-oxide
systems containing active components in a
highly dispersed state is studied. The structure
of zeolites makes it possible to arrange the
oxide particles introduced into zeolite, control
their properties in dependence on their size. The
possibilities of the directed introduction of
particles of oxides of various elements, ranging
from alkali metals to platinum group metals,
into the zeolite structure, opens up new
possibilities for creating active centers with
unusual properties. The data accumulated over
the past two decades on the features of the
course of catalytic reactions in systems
containing nanosized particles formed the basis
for the formation of a new promising direction -
catalysis by nanosized particles [1, 2]. The

successful formation and development of this
direction is associated with the development of
nanostructured catalysts of various composition,
structure, morphology, as well as methods for
controlling changes in the most important
characteristics of the catalyst, in particular, the
size of particles and the state of their surface [3,
4].

This work presents the results of a study
of the dependence of the phase composition,
magnetic and catalytic properties of nickel-
containing zeolite NaX in the reaction of
oxidative conversion of propanol-1 on the
nickel content in the samples, the formation of
nanosized Ni NiO structures and their
participation in this reaction.

Experimental part

The catalysts of composition NiNaX were
obtained by impregnation of NaX zeolite with
an aqueous solution of nickel(ll) nitrate,
followed by drying at 378 K and calcining at
523-573 K until the complete decomposition of
nickel(I1) nitrate. Further, the samples were
calcined in air at 823K for 10 hours [5, 6]. Thus
were obtained samples of the catalyst
composition NiNaX containing 1; 2.5; 5.0; 7.5
and 10% wt. % nickel. The samples obtained
were tested as catalysts for the oxidative
dehydrogenation of propanol. The oxidative
dehydrogenation of propanol was carried out
using a flow-through catalytic unit. The
composition of the gas-phase reaction products

was  determined using an  LXM-80
chromatograph, Russia.  Propylene  CHs-
CH=CH,, acrolein H,C=CH-CHO, propionic
aldehyde CH3;CH,CHO, and carbon dioxide
CO, were identified as reaction products. The
content of nickel and impurity iron in the
samples was determined by atomic absorption
spectroscopy using 1C-3000 spectrometer from
Thermo Scientific, USA. X-ray diffractometer
XRD D2 Phaser and radio spectrometer
EMXmicro, Bruker, Germany were used to
determine the phase composition and magnetic
properties of catalysts, respectively, subjected to
redox treatments, exposure to the reaction
medium, before and after the catalytic cycle.

Results and discussion

Table 1 shows the results of catalytic
studies of propanol conversion on Ni/ NaX

catalyst samples.

Tablel. The results of studies of the conversion of propanol on catalyst samples of composition
Ni/NaX (reaction conditions: volume of catalyst - 5 ml, space velocity of the reaction mixture
supply - 2400 h™, ratio of alcohol:air = 1:10).

Catalyst Reaction Yield of reaction products, % Conversion
Temperature, ['CO, | CsHg | CsHsO | CsHgO | Of propanol-1, %
K
423 0.0 0.0 0.0 0.0 0.0
473 0.0 0.0 0.0 0.0 0.0
1 wt.% 523 216 | 87 0.0 0.0 30.3
Ni/Nax 573 31.7 | 209 | 00 0.0 50.6
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623 386 | 154 | 0.0 2.6 56.6
673 416 | 123 | 00 3.9 57.8
723 436 | 82 0.0 6.5 58.3
423 00 | 00 0.0 0.0 0.0
I 473 00 | 0.0 0.0 0.0 0.0
NNaX 523 256 | 11.3 [ 00 13 38.2
573 350 | 179 | 00 2.6 555
623 403 | 201 | 0.0 6.5 66.9
673 416 | 189 | 00 3.9 67.4
723 429 | 92 0.0 26 68.0
423 00 | 00 | 00 0.0 0.0
o 473 00 | 00 | 00 0.0 0.0
SNaX 523 269 | 148 [ 00 13 43.0
573 350 | 199 | 0.0 2.6 57.5
623 379 | 223 [ 00 5.2 65.4
673 384 | 206 | 0.0 78 67.0
723 390.7 | 169 | 0.0 13.0 70.0
423 00 | 0.0 0.0 0.0 0.0
0wt 473 00 | 00 0.0 0.0 0.0
NiNaX 523 114 | 3.8 18 26 196
573 237 | 6.7 36 5.2 39.2
623 365 | 7.2 2.4 13 474
673 29| 41 0.0 0.0 48.0
723 474 | 15 0.0 0.0 48.9

Fig.1 shows the ~curves of the nickel content inthe samples and b) the reaction
accumulation of reaction products versus: a) the  temperature.
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Fig. 1, a. Dependence of the yields of the propylene oxidation reaction products on the nickel
content in the catalyst composition.
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Fig. 1, b. Effect of temperature on the yield of propylene oxidation reaction products on a catalyst
with 7.5 wt% supported nickel on zeolite.
1- Conversion, 2 -CO3, 3 -C3Hg, 4 -C3H60, 5 -C3H4O

Fig. 2 shows X-ray diffraction patterns containing: a) 1, b) 2.5, ¢) 7.5 and d) 10 wt%

and Table 2 shows the values of their nickel before and after work in within 6 hours.
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Fig. 2. X-ray diffraction patterns of samples of NaX zeolite containing 1; 2.5; 7.5 and 10 wt%
nickel before and after work in within 6 hours.
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For a sample of the initial zeolite, reflections
are observed at 20 = 6.116; 10.002; 23.347;
26.669; 32.037°, characteristic of the NaX
zeolite [7, 8]. The obtained diffractogram

practically coincides with the diffractogram
presented by the International Zeolite
Association (ICA) for the NaX zeolite [9].

Table 2. Values of diffractogram parameters* observed for the NaX zeolite containing 2.5 wt%
nickel sample before working for 6 hours.

20 d I 20 d | 20 d I

6.116 | 14.43900 | 100 | 30.362 | 2.94156 13.3 46.618 1.94672 2.1
10.002 | 8.83607 | 15.8 | 30.994 | 2.88303 35.8 49.971 1.82367 1.3
11.737 | 7.53392 9.2 |32.037 | 2.79147 12.4 51.142 1.78464 1.3
15,459 | 5.727726 | 32.0 | 33.653 | 2.66100 13.9 51.755 1.76494 3.6
18,443 | 4.80672 | 13.8 |34.231|2.617740| 5.6 53.270 1.71826 4.0
20,105 | 4.41314 | 22.6 | 35.230 | 2.54547 1.8 57.528 1.60078 3.2
22,506 | 3.94744 7.3 |36.720 | 2.44552 3.2 60.668 1.52523 0.9
23,347 | 3.80709 | 68.0 | 37.386 | 2.40345 4.7 63.222 1.46961 1.6
23,608 | 3.76553 9.3 |40.870 | 2.20626 7.4 64.180 1.44997 1.6
24,692 | 3.60260 2.7 | 41.403 | 2.17908 5.0 67.959 1.37826 1.5
26,699 | 3.33620 | 45.6 |42.67/0| 2.11727 6.2

29,299 | 3.04582 | 12.7 |43.478 | 2.07974 3.1

* Angle 26 values in degrees, interplanar distances d in angstroms, relative intensity | in%.

Three dominant diffraction reflections at
260 = 37.386 (111); 43.478 (200) and 63.222
(220) rather clearly indicate the formation of
NiO particles in the zeolite structure [10]. The
sharpness and intensity of the reflections
indicate a well-crystallized state of NiIO
nanoparticles. These results confirm that the
nickel (1) nitrate supported on the zeolite
completely decomposes to NiO after oxidative
treatment with an air flow of the NaX zeolite
sample impregnated with an aqueous solution of
nickel (IT) nitrate at 550 ° C. An average crystal
size (D) of NiO particles was estimated in line
with a formula D = kA / Pcos®, where A =

0.154056 nm is the X-ray wavelength, g =
FWHM (full width at half maximum of the
peak), @ is the diffraction angle obtained of 26
the value corresponding to the most intense
reflection in the diffractogram (200), and k is a
constant equal to 0.9 [11]. An average crystal
size of individual NiO and NiO formed in the
structure of NaX is shown in Tab. 3.

Table 3 clearly shows that the NiO
nanoparticles formed in the NaX structure have
a smaller crystal size than individual NiO
nanoparticles. Thus, it can be concluded that the
structure of the zeolite forms a nucleation point
and prevents agglomeration of nanoparticles.

Table 3. Crystallite size and values of magnetic resonance parameters of pure and formed in the
structure of the zeolite NaX nickel oxide NiO

Nanoparticles

Individual crystalline NiO

NiO/NaX

Size (nm), data of XRD

32.65 28,31
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Value of g -factor 1.92 2.1
Line width, AHp, (MT) 72,5 66,9

Figure 3 shows the EPR spectra of samples of
the initial NaX zeolite and NaX zeolite
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containing: a, b) 1 and c, d) 7.5 wt% nickel
before and after working for 6 hours.
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Fig. 3. EPR spectra of samples of NaX zeolite containing: a, b) 1 and c, d) 7.5 wt% nickel before
and after working for 6 hours.

For a sample of the initial NaX zeolite
containing less than 0.1 wt% iron and
manganese in the form of impurities, an EPR
spectrum is observed from a superposition of
three signals. The first two signals are weak.
The first of them, characterized by a g-factor of
~ 4.3 and a width of AH = 12 mT, is most likely
due to lattice tetrahedral Fe(lll) ions with low
symmetry associated with terminal OH groups

of the zeolite framework [12], the second , a six-
component signal due to the interaction of an
unpaired electron with the *°*Mn manganese
isotope (nuclear spin | = 5/2, natural content
100%) with a g-factor equal to 2.00 and a
hyperfine splitting constant A(Mn) = 8.9 mT,
belongs to Mn?" ions isolated in the zeolite
structure (electron configuration 3d°, electron
spin S = 5/2). The third signal is broad, almost

CHEMICAL PROBLEMS 2020 no. 3 (18)



416

PHASE COMPOSITION, MAGNETIC AND

isotropic, intense, characterized by a g-factor
equal to ~ 2.3 and belongs to iron oxide
nanoclusters in the bulk of the zeolite
framework. All three signals are well known in
the literature and have been recorded in many
zeolite matrices [13-15]. Studies show that the
introduction of even a small amount of nickel (~
1 wt%) into the starting NaX leads to a
noticeable change in its EPR spectrum. Against
the background of a broad signal from the side
of high magnetic fields, there is a signal in the
form of a hump with a g-factor of ~ 2.1 and a
width of AH = 19-20 mT, which most likely
belongs to nanosized NiO particles [16, 17].
With an increase in the amount of nickel
introduced into the initial zeolite to 10 wt%, the
EPR spectra become more complex and consist
of the superposition of a sufficiently large
number of signals, for example, for a 5 wt%
NiNaX sample - of at least six signals. Exposure
to the reaction mixture for 6 hours significantly

intramolecular dehydration:
CH3-CH,-CH,-OH = C3Hg + H,O

intermolecular dehydration:

2CH3-CH;-CH2-OH = CH3-CH,-CH2-O-CH,-CH2-CH3 + H,0

dehydration:
CH3-CH,-CH,-OH = CH3-CH,-CHO + H,

5 wt% NiNaX catalysts dehydrate propanol-1 to
propene with a yield of 22.3% at an alcohol
conversion of 65.4% and a temperature of
623K, which indicates a high content of
Bronsted acid sites on their surface. At the same
time, the absence of the formation of ether,
which is thermodynamically more favorable
(see equations 3-6), is most likely due to the

changes the EPR spectrum. In all cases, the EPR
spectra indicate the formation of a noticeable
amount of coke on the surface of the spent
catalyst. Narrow signals with g-factor equal to
2.0026 and line width AH = 0.9 mT, clearly
manifested against the background of broad
signals, belong to paramagnetic coke deposits
[18, 19]. The formation of coke is accompanied
by the reduction of oxide structures of nickel to
metallic nickel (for example). Note that the
coked sample calcined in air at 773 K shows an
EPR spectrum almost identical to the EPR
spectrum of the original sample. It is quite
possible that nanosized particles of nickel oxide
NiO are catalytically active centers of this
reaction, and the stages of alternating reduction
- oxidation, respectively, of NiO and Ni
particles are key in the catalytic cycle. The
transformation of propanol-1 can proceed in the
following directions:

AHozgg =+36,11 kJ/mole

AHozgg =-20,17 kJ/mole

AHozgg =+71,93 kd/mole

kinetic difficulties of this process. On the
contrary, the conversion of propanol-1 on these
catalysts at temperatures above 623 K is
accompanied by a decrease in propene and an
increase in the content of propanal and propenal
in the reaction products. This circumstance may
be due to the oxidation of propene to propanal
and oxidative dehydrogenation to propenal.

Conclusion

Nickel-containing catalysts based on NaX
zeolite in the reaction of 1-propanol oxidative
conversion  were studied. The phase
composition and magnetic properties of these
systems before and after the reaction have been
characterized by XRD and EPR spectroscopy.
The dependence of the catalytic properties on
the nickel content in the catalysts has been

established. It was shown that among the
studied catalysts, samples containing less than 5
wt% nickel exhibit the highest activity in the
dehydrogenation reaction. It has been
established that the decomposition of nickel
nitrate in zeolites provides the formation of
highly dispersed nickel oxide in the zeolite
structure. The average size of the formed NiO
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particles does not exceed 30 nm, which is
noticeably ~ smaller ~ than  during  the
decomposition of individual nickel nitrate. It is
important to note that less than 50% NiO is
detected by XRD, and in X-ray diffraction
patterns of NiNaX samples, the intensity of
reflections of the NiO phase in most cases is
less than 40% of the theoretical value. It is
shown that the conditions of redox treatments
make it possible to optimize the concentration,
phase composition and size of the active
component and thereby regulate the yield of the
target reaction products. The EMR spectroscopy
data show that the NiO phase recorded in the

diffractograms IS most likely
superpara/ferromagnetic and it can be a
catalytically active component of nickel-
containing zeolite samples in the

dehydrogenation of propanol-1: NiO + CHs-
(CH2)2-OH =Ni+ CH3-CH,-CHO + H,0:; Ni +
O, = 2NiO. In this case, the methods of X-ray
diffractometry and EMR spectroscopy can be
very successfully used as methods for
monitoring the structural-dimensional
characteristics of the NiO / NaX system.
For the conversion of propanol-1 on the

catalysts under study, as in the conversion of
C1-C; alcohols, the nature of the conversions is
determined not only by thermodynamic factors,
but also by the features of the metal-oxide /
zeolite system. At the same time, noticeable
differences are observed in the activity of
catalysts in the conversion of propanol-1
depending on the nickel content in the zeolite
structure and the reaction temperature. The
products obtained in these processes (olefin,
aldehydes) are of undoubted practical interest,
and the identification of ways to control the
selectivity of obtaining these products of the
conversion of light alcohols is currently
attracting the attention of researchers. The
reactions of dehydration and dehydrogenation of
alcohols usually proceed according to the
mechanisms of elimination of E1, E2, and E1cB
[20]. In the case of oxides and zeolites, the ratio
of these reactions is determined by the presence
of both acid-base and redox centers on the
catalyst surface. The possibility of varying the
structural and dimensional characteristics of
nickel oxide particles in the zeolite structure
makes it possible to regulate their catalytic
properties.
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®A30BbIIA COCTAB, MATHUTHBIE U KATAJIMTUYECKHAE CBOMCTBA
HAHOCTPYKTYPUPOBAHOI'O HUKEJIb-COAEPXKALIEI'O HEOJIUTA NAX B
PEAKIIMU OKUCJIMTEJIBHOU KOHBEPCHUHU ITPOITAHOJIA-1

AL BaJmeBal, a9.I. I/ICMaI/lJIOBZ, C.H. OCMaHOBaZ, P.A. KacyMOBS, II.A. Hazmpmsl,
Jx. . anzan4

Y Usepbaiioncancruii F'ocydapemeennviii Yuusepcumem Hegpmu u Hpomviunennocmu
AZ 1010, baky, np. Azaonvie, 20
2HHcmumym Kamanusa u Heopeanuyeckol xumuu HAH Azepbatioxcana
AZ 1143 Baxy, np.I" J[rcasuoa, 113; e-mail: etibar.ismailov@gmail.com
 Unemumym paduayuonnvix uccredosanuii HAH Asepbaiioocana
AZ 1143, baky, yr.®D.Azaesa,9
* Baxunckuii ocyoapcmeennwiii Yuusepcumem
AZ 1148 Baxky, yn. 3. Xanunosa, 23; e-mail: esmer_elesgerli@mail.ru

KaTaJin3aTopbl Ha OCHOBE LCOJIUTA NaX B

peaKknMy OKUCIUTENbHON KOHBepCUM MpomnaHoia-1. Merogamu pentreHogazoBoro ananusa (PDOA)
U 3JIEKTPOHHOTO MarHuTHOro pe3oHanca (OMP) oxapakrepu3oBaHbl (pa30Bblii COCTaB U MAarHUTHbBIE
CBOMCTBA ATUX CUCTEM JI0 U IMOCJIE PEAKIIUU. Y CTAHOBJIEHA 3aBUCUMOCTb KaTAJIUTUYECKUX CBOMCTB
OT COJIEpP’KaHMs HUKENsl B KaTaau3aTropax M TeMIlepaTypsl IpoBelaeHUs peakuuu. llokazano, 4dro
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OCHOBHBIMH Ta30(pa3HBIMU TPOJYKTaMHU ATON peakuuu sBistorcs npomwieH CsHg, mpomenans
(axponenn) C3H4O, npomanans C3HgO u quokcun yrinepomga CO,.  Tlpu TemmepaType peakiuu 10
623K u3 meneBbIX MPOAYKTOB OOpa3zyercss HpOINMWIEH, a Hpu Temmeparypax Bbime 623K —
IponaHajb U npomneHans. [Ipennonaraercs, 4ro nocueaaue o0pasyroTcs B pe3yabTaTe OKUCICHHS U
OKHCITUTEIBHOTO JIETUAPUPOBAHUS MPONHIICHA, 00pa3yIOIIErocss Ha HAYaJIbHOW CTaiH KOHBEPCUHU
npomnanosia-1. Tloka3aHo, 4yTo cpean U3y4EHHBIX KaTaJIW3aTOPOB, HAMOOJBLIMM BBIXOJ MPOIMAHAIL
HabromaeTcs st 00pasIoB, cojepxamux 5 Mac.% HHUKeINs, a HanOOJBIINKA BBIXOJ MPOIEHANS -
s oopasiia ¢ 10 mac% Ni/NaX. Ipu kouBepcuu npomanosia-1 Ha katanuzatopax NiNaX ymnaercs
MOJIYYUTh MPOTEH C BbIxoAoM 22.3% npu koHBepcuu cnupra 65.4% npu temneparype 623K. B to
&Ke Bpems npu Temneparypax Bbiiie 623 K mpomanon-1 geruapupyercss B IpolaHaib, a TaKKe
oOpasyeTcs MporeHanb. YCTaHOBJICHO, YTO IEOJMUTOBAsl MaTpHia oOecreduBaeT (OPMHPOBAHUE
BBICOKOJIUCIIEPCHOTO OKCHJAa HHUKENS MPH Pa3IoKeHWH HAHECEHHOIO0 Ha HEe HUTpaTa HUKEJS.
Cpennwuii pasmep obpasyromuxcs gactui] NiO ue mpebimraet 30 HM, YTO 3aMETHO MEHbIIE, YEM
gactuil NiO, oOpa3yronuxcst Ipu pa3ioKeHUH WHIUBUIYAIbHOTO HUTpaTa Hukens. JJanasie DMP
CHEKTPOCKONUHU MOKAa3bIBAIOT, YTO OKCHJ HHUKENs, CTaOWIM3UPOBAHHBIN B CTPYKType LEOJIUTA,
SBIsieTCsl cymnepnapa/deppomMarautHeIM. [lpeamonaraercs, 4To akTUBHON (ha30i B TOJYYCHHBIX
CHUCTEMAax SBJIAIOTCS HAHOCTPYKTypupoBaHHble NiO-dacTUIBI C AaKTHUBHBIM KHCJIOPOJOM.
OO6cyxmaroTcss MeXaHu3M peaknuu ¢ ydactueM dactuil, NiO ¥ BO3MOXKHOCTH METOJIOB
peHTreHoBckoil nudpaktomerpun U OMP cHekTpockonmuu B KayecTBE METOAOB KOHTPOJIS
pa3MepHO-3aBUCUMBIX KaTaJTUTHUYECKUX CBOMCTB HUKEIb-COJAEPKAIINX [IEOJTUTOBBIX CUCTEM.
KitoueBble cji0Ba: OKUCIMTENBHOE JETUIPUPOBAHHE, IMPOIMAHOJ, HUKEIb-COAEPKAIINN IE€OTUT
NaX, dha3oBblii cocTaB, MarHUTHBIE CBOMCTBA.

PROPANOL-1- in OKSIDLOSDIRICi CEVRILMO REAKSIYASINDA
TORKIBINDO NANOQURULUSLU NIKEL OLAN NaX SEOLITININ FAZA TORKIBI,
MAQNIT VO KATALITIK XASSOLORI
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Propanol-1-in oksidlogdirici ¢evrilmo reaksiyasinda toorkibindo nikel olan (1-10 ¢oki %-i ilo) NaX seolit
osash katalizatorlar tadqiq edilmisdir. Bu sistemlarin reaksiyadan avvalki vo sonraki faza torkibi vo maqgnit
xassolori, rentgen faza analizi (RFA) va elektron magnit rezonans: (EMR) iisullar ilo Xarakterizo edilmis,
onlarin katalitik xtisusiyyatlori katalizatorlarda olan nikelin miqdarindan vo reaksiya temperaturundan
asililign miiayyon edilmisdir. Gostorilmigdir ki, bu reaksiyanin qaz fazasinin asas mohsullar1 propilen C3He,
propenal (akrolein) C3H4O, propanal CsHgO vo karbon dioksid COp-dir. 623K-yo odor reaksiya
temperaturunda hodof mohsullardan propilen, 623K-dan yuxari temperaturlarda propanal vo propenal amolos
golir. Sonuncularin uygun olaraq propanol-1-in konversiyasinin ilkin marhslosinds amalo galon propilenin
oksidlosmasi vo oksidlosdirici dehidrogenlogsmasi naticasinds amalo galdiyi giiman edilir. Gostarilmisdir Ki,
todqiq olunan katalizatorlar arasinda propanala gora an yiiksok ¢ixim torkibinds % 5 nikel olan katalizator
niimunalori vo propenala gora an yiiksok ¢ixim iso torkibinds 10 nikel olan NiNaX niimunalori {igiin
miisahido edilmisdir. Propanol-1-in NiNaX katalizatorlaru iizorindo 623K temperaturda alkoholun 65.4 %
cevrilmasi zamam 22.3% ¢iximla propen alinir. Eyni zamanda, 623K -don yiiksok temperaturda propanol-1
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propanala dehidrogenlosdirilir vo bununla yanasi propenal da amalo galir. Seolit matrisinin onun {izarine
¢okdiirtilon nikel nitratin par¢alanmasi zamani yiiksok dispersli nikel oksidinin amalo galmasini tomin etdiyi
agkar edilmigdir. Yaranan NiO hissaciklarinin orta 6l¢iisii 30 nm-don ¢ox deyil, bu da fordi nikel nitratinin
pargalanmasi zamani amalo golon NiO hissaciklorinin dlgiisiindon xeyli kigikdir. EMR spektroskopiyasinin
tatbiginin noticalori gostarir ki, seolitin torkibinds sabitlosmis nikel oksidi superpara/ferro- magnitdir. Hesab
edilir ki, bu sistemlards aktiv oksigeni olan nanoquruluslu NiO hissaciklori aktiv faza kimi istirak edir. NiO
hissociklaorinin istiraki ilo gedon reaksiya mexanizmi vo torkibindo nikel olan seolit asasli sistemlords
Olgiilordon asih katalitik xiisusiyyatlorin monitoringinin aparilmasinda rentgen diffraktometriyast vo EMR
spektroskopiyasi metodlarinin imkanlar1 miizakira olunur.

Acar sozlar: oksidlogdirici konversiya, propanol, nikel tarkibli zeolit NaX, faza torkibi, magnit xassalari.
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