Journal of Radiation Researches, vol.8, No.2, 2021, Baku
Features of radiation-stimulated adsorption of water on the surface of beryllium and
aluminum oxides

pp. 10-15

PACS: 79.60.Jv
FEATURES OF RADIATION-STIMULATED ADSORPTION OF WATER ON THE
SURFACE OF BERYLLIUM AND ALUMINUM OXIDES
N.N. Gadzhieva

Institute of Radiation Problems of ANAS
nushaba6@mail.ru

Abstract: This paper presents the results of IR spectroscopic studies of radiation-stimulated adsorption of
water in heterogeneous systems BeO/adsH:O and y-Al.OsfadsH.O at room temperature. The
spectrokinetic dependences of the relative optical densities of the bands of hydroxyl (OH) groups and
water molecules on the dose of gamma irradiation have been studied. It is shown that the presence of
wells in the region of low doses for intermediate particles and water molecules, the occurrence and
difference of their depths, as well as the change in their half-widths indicate the difference in relaxation
times associated with the difference in the nature of the interaction of these particles and water molecules
with surface radiation defects.
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1. Introduction

Based on studies of the radiolysis of water with the participation of several dispersed
metal oxides under the influence of gamma radiation, it was found that the use of powder oxides
(SiOz, TiO2, ZrOz, Al2Os, etc.) as a catalyst significantly increases the rate of accumulation of
molecular hydrogen [1-2]. This sharply increases the radiation-chemical yield of H2 in
comparison with the yields of both homogeneous and heterogeneous decomposition of H-O, in
which micro-sized oxides are used as catalysts [3-4]. Among these oxides, the most promising
are oxides of beryllium (BeO) and aluminum (y-Al203) [5-6]. IR spectroscopy was used to study
the hydroxyl cover and electron-acceptor properties of ZrO, [6,7]. In [4], the effect of gamma
radiation on nano-SiO. and changes in the absorption bands of OH groups and water molecules
at room temperature and an irradiation dose of 25-200 kGy. However, in the literature, there are
virtually no spectroscopic data on the radiation adsorption of water in nano-BeO/ads.H.O and
nano-y-Al.Oz/ads.H-0.

This work presents the results of an IR spectroscopic study of radiation-stimulated
adsorption of water in heterogeneous systems BeO/adsH.O and y-Al>Os/adsH>O at room
temperature.

2. Methods of the experiment
We used BeO and y-Al203 powders with a purity of 99.9% with particles of 4 and 6 pm.
Before adsorption, the samples of beryllium and aluminum oxides were subjected to thermal

vacuum treatment at T=973K and pressure 10°Pa for 8 hours for cleaning from organic
contaminants and surface dehydroxylation.
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Transmission spectra were recorded on a Specord 71 IR spectrometer in the range 4000-
3000cm™ at room temperature. For this, tablets with a thickness of 50-80 um were pressed from
BeO and y-Al203 powders. The IR -spectra of the samples were measured in a quartz cuvette
with CaF> windows, which makes it possible to obtain the spectra of adsorbed water decomposed
by y-radiation.

With the overlapping of bands related to different forms of adsorbed water, the total
contour was decomposed into individual components according to the method [8].

Assuming that the Bouguer-Lambert-Beer law is fulfilled concerning the bands of
adsorbed molecules, the concentrations of surface hydroxyl groups and water molecules in the
samples under study were characterized by the relative optical density of these bands D/D.,
where Do —is the optical density in the initial, D-in the irradiated sample.

When comparing the optical densities D~ecd and Do~¢eoCod, it Was assumed that the molar
absorption coefficients of various forms of adsorbed particles before and after gamma irradiation
are the same.

The adsorbate was bidistilled water, from which foreign gases were removed by repeated
freezing in a trap with liquid nitrogen followed by pumping out. The adsorption of water vapor
was studied by the method [1,7].

The samples were irradiated with a ®°Co isotope source with a dose rate d®,/dt=1.03Gy/h.
Dosimetry of the source was carried out with ferrosulfate and methane dosimeters [9].

3. The discussion of the results

IR spectra of BeO (a) and y-Al.Oz (b) treated at 973 K, after adsorption of water (curves
1), BeO and y-Al>Oz irradiated with a dose of 25 kGy with subsequent adsorption of water vapor

(curves 2) are shown in Fig.1.
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Fig. 1. IR spectra of BeO (a) and y-Al,03 (b) treated at 973 K after the adsorption of water vapor (1),BeO
(a) and y-Al;,Osirradiated with a dose of 25 kGy with subsequent adsorption of water vapor (2), the
BeO/adsH,0 and y-Al,0Os/adsH,0O systems irradiated with a dose of 25 kGy (3).
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As seen from Fig. 1 (curves 1), the surfaces of BeO (a) and y-Al.Oz (b), which have
undergone vacuum heat treatment, are clean, since they do not contain absorption bands (AB)
caused by the presence of water and hydrocarbon pollution. In an unirradiated heterosystem,
after the adsorption of water in the region of stretching vibrations of hydroxyl (OH) groups, AB
appears which indicates the occurrence of molecular and dissociative forms of adsorption. In the
IR spectrum of BeO samples with adsorbed water, the absorption bands of free (isolated)
hydroxyl groups are clearly found at 3735, 3630 cm™ and hydrogen-bonded OH groups at 3580,
3500, 3420, 3380 cm?, as well as at 3690 and 3280 cm™, which refer to adsorbed water
molecules.

As can be seen from Fig. 1b, in the AB region of free groups, in contrast to nano-BeO,
nano-y-Al2Oz is characterized by the presence of 5 absorption bands of OH groups with maxima
at 3800, 3780, 3745, 3730 and 3700 cm™. Tables 1a and 1b show the frequencies of stretching
vibrations (position of the AB) of surface free and hydrogen-bonded OH groups after water
adsorption in BeO/adsH20 and y-Al>O3/adsH20 heterosystems.

Table 1a
Position of absorption bands of surface OH-groups and H>O molecules of beryllium oxide (BeQO)
Absorption Dehydration Free OH-bands, | Hydrogen-bonded groups, Molecules
bands, cm* temperatures, K | cm? cmt H.O
Proton Proton
acceptors donors
3580, 3500 3690
OH-groups 473-973 3735, 3630 3720-3685 3380 3600-3000
Table 1b

Position of absorption bands of surface OH-groups and H20 molecules of y-aluminum oxide (y-
Al203)

Absorption Dehydration Free OH-bands, Hydrogen- Molecules
bands, cm™ temperatures, K cm? bonded groups, H.O
cm?
3880, 3180. 3745, | 3550, 3470, 3680
OH-groups | 673-973 3730, 3700 3340 3600-3560

The spectrokinetic regularities of the accumulation of free hydroxyl (OH) groups and
water molecules on the surface of y-irradiated BeO and y-Al.O3 have been studied. Results of
changes in the relative optical densities (D/Do,) of free OH groups and water molecules
depending on the dose of y-irradiation are shown in Fig. 2a and 2b. As can be seen from the
figures, with an increase in the irradiation dose (®y), the relative optical densities of the bands
(D/IDo) of free (Fig. 2a, curves 1-4) OH-groups decrease to minimum values at ®,=2.5 (for vy-
Al>Os3, curves 1,2) and 8-12 kGy (for BeO, curves 3,4).

At @,>2.5 and ®,>8-12 kGy, the value (D/D,) of these groups monotonically increases to
®,<12.5 and 25-30 kGy and with a further increase in @, >12.5 kGy and ®,>25-30 kGy goes to
saturation. It was found that for hydrogen-bonded surface OH groups and adsorbed water
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molecules, the change in optical density is satisfactory, and for free OH groups it is roughly
described by the expression:

The detected difference in the observed values of ®ymin for various hydroxyl OH groups
and adsorbed water molecules is most likely associated with the difference in the mechanism of
interaction of intermediate particles with structural defects in the layer of granules of dispersed
oxides of beryllium and aluminum.
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Fig. 2. (a). Dependence of the relative optical densities of the bands of free v=3690 (1), 3730 (2), 3630
(3), and 3720 cm™ (4) OH groups on the absorbed dose in y-irradiated Al;O3 (1,2) and BeO (3, 4)
followed by adsorption of water vapor.

(b). Dependence of the relative optical densities of the bands of water molecules on the absorbed dose in
y-irradiated Al,Os (1) and BeO (2) with subsequent adsorption of water vapor.

The presence of wells in the region of low doses simultaneously for intermediate particles
and water molecules, the occurrence and difference of their depths, as well as the change in their
half-widths indicate the difference in relaxation times associated with the difference in the nature
of the interaction of these particles and water molecules, both with neutral and ionized surface
radiation defects. When comparing the half-widths of wells in the region of low doses of free OH
groups (Fig. 2a, curves 1-4) and water molecules (Fig. 2b, curves 1-2), it shows that the
interaction of the former occurs with electrically neutral radiation defects. A decrease in the half-
widths of wells for hydrogen-bonded OH-groups and H2O molecules is a consequence of a
decrease in the probability of interaction of these particles with neutral radiation defects. This
indicates that, depending on the bond strength of OH groups and water molecules, interactions
occur both by electrically neutral, empty, and ionized radiation defects. The role of the second
type of ionized defects increases with an increase in the bond strength between OH groups and
H>O molecules. It was found that the adsorbed water molecules interact with both types of
radiation defects due to the occurrence and enhancement of the dipole-orientation effect.

With an increase in the dose of ®y >12.5 kGy and ®,>25-30 kGy, in the stationary
region, regardless of the type of OH groups and water molecules, the constancy of D/D, is
associated with a decrease in the filling density of radiation (electrically neutral and charged)
acceptor defects and their transition to donor defect states. This transition, in turn, limits the
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recapture of these intermediate particles with surface defects. This shows that, depending on the
radiation dose, it is possible to vary and change the probability of transition from one surface
energy level to another (from acceptor to donor and vice versa), which confirms the available
facts [10].

4. Conclusion

The radiation-stimulated adsorption of water in heterogeneous systems BeO/adsH»>O and
v-Al203/adsH>0 at room temperature has been studied.It was found that, under the influence of
gamma quanta, the centers of water adsorption on the surface of aluminum and beryllium oxides
at room temperature arise by molecular and dissociative mechanisms. It is shown that in
radiation-stimulated systems BeO/adsH>O and y-Al,Os/adsH>O free hydroxyl groups interact
with cations, hydrogen-bonded groups with ionized ones, and molecular water with both neutral
and with ionized centers.It has been revealed that the occurrence of the effect of low doses in the
spectrokinetic regularities of the accumulation of radiation-adsorbed water molecules and their
intermediate active particles on the surface of oxides is associated with a change in the
mechanism of interaction between their structural defects, having different electronic
configurations.
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OCOBEHHOCTH PATMAIIMOHHO-CTUMYJHUPOBAHHOM AICOPEIIMA BOJIbI
HA IMTOBEPXHOCTH OKCHUJAOB BEPUWIJINA U AJIIOMUHUSA

H.H. I'ag:xueBa

Pe3rome. B HacTosmel pabore mpencTaBieHbl pe3ynbTaThl MK—CcreKTpocKOmMYecknx HccieT0BaHun
paJMaliOHHO-CTUMYJIMPOBAHHON ajcopOiuu BOAbl B TereporeHHeix cuctemax BeO/amc.H.O u -
Al;Os/anc.H,O mnpu komHaTtHOW Temmeparype. M3ydeHbl CHEKTPOKHMHETHYECKHE 3aBUCHMOCTH
OTHOCHTENBHBIX ONTHYECKHX IUIOTHOCTEH 1M0JIoc THAPOKCHIBHEIX (OH) rpynm ¥ MoJIeKysT BOABI OT 1O3BI
ramMma oOiyuenus. [loka3aHo, 4TO HaMM4YKe SIM B OOJIACTH MAJBIX /103 JUIS NMPOMEXKYTOYHBIX YaCTHUI[ U
MOJIEKYJ BOJIbl, MpOSBICHHE M OTJIMYHUE UX TIYyOMH, a TaKkKe W3MEHECHHE WX MOJYIIHPUH
CBHJETEJIECTBYIOT O Pa3IMUMK BPEMEH PETaKCaIlH, CBA3AHHBIX C Pa3iIMIMeM IPHPOIBI B3aNMOIEHCTBUS
ATUX YaCTHIl ¥ MOJIEKYJI BOJBI C TOBEPXHOCTHBIMHU PaJHAIIHOHHBIMH Te()EKTaMH.

Knrwouesvie cnosa: oxcuapl aTlOMUHUS U OSpUILINS, PAAUALIOHHO - CTUMYJIMPOBAaHHAsA aacopOuus, BoAa,
onTHYecKas MIOTHOCTh, 1032 TaMMa- o6myueHust, UK- cnextpbt

BERILLIUM VO ALUMINIUM OKSIiDLORININ SOTHIND® SUYUN RADIASIYA-
STIMULLASDIRILMIS ADSORBSIYASININ XUSUSIYYOTLORI

N.N. Haciyeva

Xiilasa: Toqdim edilmis isdo BeO/ads.HO va vy-Al,Os/ads.H,O heterogen sistemlords otaq
temperaturunda suyun radiasiya-stimullasdirilmis adsorbsiyasinin 1Q-spektroskopik tadgigat naticalori
verilmisdir. Hidroksil (OH) gruplarin vo su molekulunun udulma zolaglarinin nisbi optik sixliglarinin
gamma siialanma dozasindan spektro-kinetik asililiqlar1 yronilmisdir. Gostorilmisdir ki, ki¢ik doza
oblastinda araliq hissaciklor vo su molekulu ti¢iin oyuqlarin tozahiirii, onlarin dorinliyinin miixtolifliliyi,
homg¢inin onlarin yarimeninin doyismasi relaksasiya zamaninin forglonmasins dolalst edir ki, bu da hamin
hissaciklarin vo su molekulunun sothi radiasiya defektlorilo garsiligh tasir tobistinin miixtalifliyi ilo
olagodardr.

Agar sozlor: aliminium vo berillium oksidlor, radiasiya-stimullagdirilmis adsorbsiya, su, optik sixlig,
gamma siialanma dozasi, 1Q-spektrlar
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