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The comparison of the catalytic activity of the initial and activated by bremsstrahlung y-radiation on a high-
current electron accelerator of zirconium dioxide nanoparticles on the nature of the conversion of ethanol. The used
y-activation parameters contributed to the formation of a more perfect crystal structure of ZrO, nanoparticles. It was
shown that when using y-activated ZrO, nanoparticles as a catalyst, the yield of hydrocarbon products during the
conversion of ethanol was several times higher than the yield of the same products in the case of using the initial
ZrO, nanoparticles. The mechanism of such a conversion of ethanol can be associated with the synergism of large
ionization losses of Auger electrons and the effect of highly reactive products involved in heterogeneous catalysis.

PACS: 81.16.Hc

INTRODUCTION

The processing of organic raw materials into low
molecular weight hydrocarbons is becoming one of the
promising areas in the production of valuable chemical
products. The implementation of this direction is associ-
ated with the creation of active, selective, and stable
heterogeneous catalytic systems that do not contain ex-
pensive metals and harmful substances. The main reac-
tions that take place during the conversion of hydrocar-
bons are dehydrogenation reactions, intermolecular de-
hydration, and intramolecular dehydration. The ethanol,
ethers, ethylene, and acetaldehyde in the catalytic con-
version been formed. Non-toxic zirconium dioxide can
be used as a catalyst and carrier, and the use of zirconi-
um dioxide nanoparticles is even more effective and
promising [1 - 4].

Zirconium dioxide (ZrO,) nanoparticles are a widely
studied and demanded compound [5]. The main charac-
teristics of ZrO, are high hardness, refractoriness, low
thermal conductivity and wear resistance, high refrac-
tive index and high radiation resistance [6].

The catalytic activity of ZrO, provided due to its
high acidity and due to the nature of the electronegative
surface of this compound. The activity of a catalyst
largely depends not only on the electronegative surface
but also on the distribution of basic and acidic centers
necessary for the directed development of the process.
These uncoordinated metal cations and oxide anions can
act as acids and bases. These are the so-called centers of
Lewis acids — the proton theory of acids and bases, ac-
cording to which acids (A) are able to donate protons,
and bases (B) are capable of attaching them. “A” is the
acceptor of this bond, and “B” is the donor of this bond
(electronic theory of “A” and “B”). Coordination un-
saturated cations that are present on the oxide surface
can interact with the main molecules and create a new
coordination bond while completing the complete coor-
dination of the surface cations.

Accordingly, the high catalytic activity, for example,
for ZrO, in the conversion of hydrocarbons, can be as-
sociated with differences in acid-base characteristics,
taking into account the highly electronegative cations of
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“Lewis acids” such as Zr**, Ti*" Cr®. The high Lewis
acidity of the surface increases the approach of the main
reagents to the active sites and promotes strong interac-
tion with metal cations. Apparently, the ZrO, oxide cata-
lyst will exhibit high conversion. On the other hand, the
degree of polarization (the ratio of charge to ionic radi-
us) can also affect the completeness of conversion. The
stronger the polarization of the Lewis acid cation and
the main strength of the adsorbent will be increased the
power of the surface Lewis centers. Thus, compounds
with Zr**, Ti** Cr**, for which the degree of polarization
is 6.2, 6.6, and 4.9, respectively, should increase the
interaction of Lewis centers with hydrocarbon mole-
cules. The use of mixed oxide catalysis of the
ZrO,/Fe,03 type in comparison with mono catalysts can
significantly increase the reaction yield due to the addi-
tional acidity of Lewis acids, as result of the presence of
Fe®* ions on the oxide surface.

Recently, in the field of heterogeneous catalysis,
much attention has be paid to the effects of mutual am-
plification of various factors, for example, the treatment
of catalysts with ultrasound, microwave radiation, the
use of accelerator technology, and nuclear technologies.
Until now, no studies devoted to influence of gamma
activation of metal oxide nanoparticles by bremsstrah-
lung y-radiation from an electron accelerator. Prelimi-
nary studies carried out by us [7 - 10] showed that Au-
ger electrons appear in metal oxide nanoparticles after
y-activation. The various radiation defects (interstitial
atoms and vacancies, highly reactive oxygen forms,
etc.) which can lead to an increase in the concentration
of active centers on the surface of the oxide and, as a
consequence, to an increase in its catalytic activity [11 -
13]. The effectiveness of a catalyst determine by its
ability to create active oxygen centers for breaking the
CH bond in hydrocarbon molecules. The activity of
catalysts also largely depends on the size of the nano-
particles used as catalysis.

The basic principles of the catalysts, their activity,
and their selection for the oxidation reaction of hydro-
carbons are still unresolved.

The aim of this work was to study the effect of
gamma activation on the properties of nanoparticles of
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zirconium dioxide and on their catalytic activity during
the conversion of ethanol.

1. MATERIALS AND METHODS

In the experiments, we used zirconium dioxide na-
noparticles (40 nm) manufactured by Alta Aesar Sigma.
Zirconium dioxide ZrO, nanoparticles were activated by
gamma bremsstrahlung from the NSC KIPT linear ac-
celerator with E =22 MeV, I =500 pA according to the
reaction *Zr(y,n)*2zr, *zr(y,n)*zr. The maximum ab-
sorbed dose was 22 MGy. The gamma-ray spectrum
was recorded with a Ge(Li)-detector.

Auger electrons with energies of 1.91 (78.6%) and
12.7 (19.2%) keV accompany the decay of *Zr.

Registration of IR spectra of zirconium dioxide na-
noparticles been carried out on a Specord-75 IR in the
frequency range 4000...400 cm™ on samples in the form
of tablets prepared by pressing with KBr [14].

The catalytic activity of the initial and gamma-
activated nanoparticles of zirconium dioxide been com-
pared by the optical density of hydrocarbon products
that were formed in the process of ethanol conversion,
as well as by the dynamics of the formation of highly
reactive products by recording it is on a quantum instal-
lation with photomultiplier-39 [15].

2. RESULTS AND DISCUSSION

In Fig. 1 shows the gamma spectrum of zirconium
dioxide nanoparticles.

In the gamma spectrum of zirconium dioxide from
the reactions *Zr(y,n)®Zr and *°Zr(y,n)*Zr the presence
of impurity elements been not recorded. The presence of
isotopes °Zr (511 keV), ®zr (757 keV), ¥zr (909,
1654, 1712, 1744 keV) is noted.

In Fig. 2 shows the IR spectra of initial and
y-activated ZrO, nanoparticles.

The spectra exhibit absorption bands with a maxi-
mum at 745 and a doublet at 490 and 430 cm™, which
refer to asymmetric Zr-O,-Zr and stretching Zr-O vibra-
tions, respectively.

It shown by IR spectroscopy that there are no signif-
icant differences in the IR spectra of the initial and acti-
vated nanoparticles of zirconium dioxide. The nature of
the location of the maxima in the absorption region,
their width, and intensity indicate high crystallinity.
There is a fundamental spectral similarity of the samples
before and after activation: the spectral profiles are
practically identical in shape. This indicates that in the
activated nanoparticles of zirconium dioxide, the mono
phase, and crystal structure characteristic of the initial
sample been retained. Such oxide samples with a cubic
structure been characterized by pronounced stability.
The retention of the absorption bands of the lattice vi-
brations of ZrO, and the constancy of their intensities
indicate the identity of the research conditions.

Neither shifts of the maxima nor have distortions of
their shape not been found when comparing these sam-
ples. Minor differences were associated with changes in
the intensity and integral area of the main peaks. In the
samples after gamma activated, the intensity of some
lines increased and their broadening been observed.
This indicated that the parameters of gamma activation
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of ZrO, nanoparticles contributed to the formation of a
more perfect crystal structure of ZrO,, which facilitated
its dispersion.
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Fig. 1. The gamma spectrum of ZrO, nanoparticles
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Fig. 2. IR spectra of pure nano-ZrO, (initial)
and after exposure to y-radiation on the nano-ZrO,

Diffraction patterns of zirconium dioxide nanoparti-
cles in the initial state and after irradiation to an ab-
sorbed dose of 22 MGy represent a polycrystalline mo-
nophasic sample containing a monoclinic and cubic
modification.

Under the microscope, ZrO, crystals are dense crystals
with a glassy sheen and iridescent rings on the surface.
Individual crystals had the shape of polyhedrons, which
were separated by an accumulation of pores [7 - 13].

The structure of zirconium dioxide has a significant
effect on its activity in various catalytic processes;
therefore, ethanol conversions on the initial and activat-
ed ZrO, samples been studied.

The catalytic activity of ZrO, in the conversion of
ethanol been estimated from the values of the optical
density of the released products on spectrophotometer
SF-46, as well as the intensity of free radical products
on a quantum installation with a photoelectric multiplier
(PEM-39). Measurements been carried out in dynamics
after 1, 3 and 5 hours.

All results showed a significant increase in the cata-
lytic activity of ZrO, nanoparticles after their
y-activation. When using y-activated ZrO, nanoparti-
cles, products such as dimethyl ether (A =245 nm),
diene ions (A=335 nm), aromatic products
(A =395 nm) were also determined.

The optical density of the absorption spectra of the
reaction products of the catalytic oxidation of ethanol
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with the participation of the initial and activated ZrO,
nanoparticles had the following values:

- after 1 hour for the initial ZrO, nanoparticles are
0.073 rel. units and for activated ZrO, nanoparticles —
0.241 rel. units;

- after 3 hours — 0.048 rel. units and 0.225 rel. units,
respectively;

- after 5 hours — 0.0021 rel. units and 0.347 rel.
units.

From the data presented, one can see the advantage
in catalytic processes of y-activated ZrO, nanoparticles
in comparison with the initial samples. The observed
effect can be explained, firstly, by the large ionization
losses of Auger electrons from the ®Zr isotope and, sec-
ondly, by the gamma-induced chemisorption of oxygen
O, on the catalyst surface due to the lattice oxygen

released as a result of ZrO, radiolysis. An increase in
the catalytic activity of y-activated zirconium dioxide
nanoparticles, apparently, can be associated with an
increase in the activity of the oxide surface because of
the action of bremsstrahlung y-radiation and Auger elec-
trons from %Zr and ®Zr (see Fig. 3).

In Fig. 3 shows the dynamics of the accumulation of
free radicals during ethanol oxidation using the initial
and y-activated ZrO, nanoparticles.
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Fig. 3. The dynamics of the accumulation of free radi-
cals during the oxidation of ethanol using the initial (m)

and activated nanoparticles (), error 20%

The process of y-activation of samples of zirconium
dioxide nanoparticles can lead to the appearance on the
surface of nanoparticles of possible radiation defects,
such as vacancies of oxygen ions, interstitial metal ions,
and conduction electrons. In addition, this, in turn, ef-
fectively affects the adsorption properties of a given
sample. Atmospheric oxygen molecules can capture part
of the electrons in surface anion vacancies, since the
irradiation had carried out in the air, resulting in the
formation of adsorbed oxygen O, ads. The adsorbed

oxygen O, ads play an essential role in the initiation of

the oxidation of hydrocarbons [16].

The initial samples of zirconium dioxide nanoparti-
cles showed significantly lower activity in the values of
the absorption spectra of the products of the catalytic
oxidation of ethanol.

The intensity of free radical formation had more
pronounced when using y-activated ZrO, nanoparticles.
The direct effect of Auger electrons on zirconium diox-
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ide nanoparticles creates a reaction medium in which
the formation of highly reactive oxygen forms such as
hydroxyl radicals (OH’), peroxides (H,O,), which ac-
tively participate in the accelerated conversion reaction,
is possible. Therefore, the registration time of the for-
mation of free radical products during the conversion of
ethanol in the presence of activated nanoparticles of
ZrO, catalyst been accelerated by almost an order of
magnitude.

ZrO, + hv — ZrO, + € + h,
e + Og_—) .Og_.
CONCLUSIONS

1. The possibility of using high-power electron
beams at a high-current accelerator for the activation of
zirconium dioxide nanoparticles been shown.

2. Comparative analysis of the phase composition
and state of the crystal structure of the initial and gam-
ma-activated nanoparticles of zirconium dioxide
showed that the parameters activations contributed to
the formation of a more perfect crystal structure of
ZrO,.

3. The catalytic ability of ZrO, nanoparticles after
y-activation is several times higher than initial of ZrO,
nanoparticles. The conversion of ethanol been acceler-
ated due to the synergism of radiation-induced Auger
electrons and active centers on the ZrO, surface.
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PAJIMALITAOHHAS CTUMYJISILIUAS KATAJJUTUYECKOM AKTUBHOCTHU HAHOYACTHI]
JUOKCHUIA HUPKOHUSA B TIPOHECCAX KOHBEPCHUM YI'JIEBOJOPOJOB

H.IL. J{uxui, IO.B. JIawrko, E.Il. Meoseoesa, /I.B. Meoseoes

IIpoBeneHO cpaBHEHME KaTaaIUTUYECKON aKTUBHOCTH MCXOJHBIX M aKTHBHPOBAHHBIX TOPMO3HBIM Y-U3IIy4€HUEM
Ha CUJIbHOTOYHOM 3JISKTPOHHOM YCKOpHUTEJEe HaHOYACTHI[ AUOKCHJA ITUPKOHMS Ha XapakTep KOHBEPCHM STaHOJIA.
Hcnone3yemble TapaMeTpsl Y-aKTHBAIIMN CIIOCOOCTBOBANIN (POPMUPOBAHHUIO 00JIEE€ COBEPIICHHON KPHUCTAIUINIECKON
CTpyKTypbl HaHodacTHl ZrO,. ITokazaHo, 4YTO NpH HCHOIB30BAHUHU B KAYECTBE KATaaM3aTOpPa y-aKTHBHPOBAHHBIX
Ha”odacTul ZrO, BEIXOJ YIJIEBOJIOPOIHBIX IPOAYKTOB NPH KOHBEPCUH 3TAHOJA MPEBBIIIAT B HECKOJIBKO Pa3 BBIXO
TaKHX e NMPOJYKTOB B Cllyyae UCIOIb30BAHUSA UCXOMHBIX HaHOYacTuIl ZrO,. MexaHu3M nogo0HOI KOHBEpCUH 3Ta-
HOJIa MOXKET OBITh CBSI3aH C CHHEPTU3MOM OOJBIIMX HOHHM3AIMOHHBIX MOTeph OKe-3JIEKTPOHOB M BO3JCHCTBHEM
BBICOKOPEAKIIMOHHBIX IPOJYKTOB, Y4aCTBYIOIUX B F€TEPOT€HHOM KaTalu3e.

PATIAIIIAHA CTUMYJISIIIA KATATITUYHOI AKTUBHOCTI HAHOYACTHHOK
JIIOKCHJY IIAPKOHIIO Y MPOIECAX KOHBEPCII BYTJIEBO/IHIB

M.II. Jlukuii, 10.B. JIawko, O.11. Meoseoesa, /I. B. Meodgeoce

[TpoBeneHO MOPIBHAHHS KaTaJliTUYHOT aKTUBHOCTI BUXIJHUX Ta aKTHUBOBAHHUX TaJIbMIBHUM Y-BHIIPOMIHIOBaHHSM
Ha TIOTYXKHOMY INIPUCKOPIOBaYi €NEKTPOHIB HAHOYACTHHOK JIOKCHIY LIMPKOHIIO HA XapakTep KOHBepcii eTaHoly.
[TapameTpu y-BUIPOMIHIOBAaHHSI, SIKI BUKOPHCTOBYBAJH, CIIPUsUIM (OpMYBaHHIO OLIBII AOCKOHATIO! KPUCTAIIYHOT
CTPYKTypH HaHouacTUHOK ZrO,. IlokaszaHo, 1110 y BHUIAJIKy BHUKOPUCTAHHS y SIKOCTI KaTaji3aTropa y-aKTHBOBaHHX
HaHOYaCTHHOK ZrO, BUXiJl BYTICBOAHUX MPOIYKTiB IIPH KOHBEPCIi €TaHOY MiJBUINYETHCS Y MSKiTbKa pa3iB BiTHO-
CHO TaKHX X¢ MPOAYKTIB Yy pa3i BUKOPUCTAHHS BUXITHUX HAaHOYACTHHOK ZrO,. MexaHi3M moaiOHoi KOoHBepcil eTa-
HOJIy MO>Ke OyTH IMOB’SI3aHMM 3 CHHEPri3MOM BEJMKHX iOHI3alidHuX BTpar Oixe-eJeKTPOHIB Ta BILUIMBOM BHCOKO
PEaKIifHUX MPOAYKTIB, IKi MPHUMAIOTh YIACTh Y TETEPOTCHHOMY KaTai3i.
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