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Radiation-thermal oxidation of beryllium in contact with water at temperatures T =473...773 K under the
combined effect of temperature and gamma radiation has been studied by methods of infrared and optical
spectroscopy. The formations of an oxide layer on the surface of beryllium were traced from the infrared and optical
reflection spectra. In the IR spectra, the broadening of the oxide layer on the Be surface (T = 573 K) was revealed
with an increase in the absorbed dose by ~ 2.5 times, which is associated with inhomogeneities caused by gamma
irradiation. According to the optical reflection spectra of the surface of radiation-thermally oxidized Be, it was
revealed that in the region of the edge of short waves A <250 nm, an absorption band is observed, the intensity of

which increases with increasing contact time and indicates the formation of an oxide layer.

PACS: 541.183:547; 211.539.104

INTRODUCTION

Beryllium is widely used as a nuclear reactor
material. The study of radiation-heterogeneous
processes when these materials come into contact with
an aqueous coolant is necessary to understand the
patterns, mechanisms, and predict the actual course of
processes in normal and emergency reactor operation
modes. These processes usually lead to the oxidation of
reactor materials, and its study is fundamental in solving
the problems of corrosion in radiation materials science
[1, 2]. The main radiation-heterogeneous processes are
radiation-stimulated adsorption, conversion of water,
and oxidation of the beryllium surface in the Be-H,0
heterogeneous system under the influence of gamma
radiation and temperature. In this work, we consider and
study the radiation-thermal oxidation of beryllium in
contact with water in the average temperature range
473...773 K by spectroscopic and optical methods in
order to obtain new additional information about this
process.

EXPERIMENTAL PART

Ground and polished beryllium plates 20x10x2 mm
in size, obtained from a Be metal ingot, were made. The
resulting plates had a smooth polished surface with
R=0.80...0.85 in the mid-IR (A=15...2.2 pum) and
with R=0.5...0.55 in the optical (A =200...800 nm)
wavelength ranges.

To exclude impurities, the samples were treated with
ethyl alcohol and dried at room temperature in an argon
atmosphere. To completely remove organic impurities
and dehydroxylate the beryllium surface, the samples
were placed in quartz cells and subjected to additional
vacuum annealing at 673 K for 6 h at a pressure of
10°Pa. The adsorbate was unsaturated vapor of
bidistilled water. H,O adsorption was carried out at
room temperature according to the procedure.

The IR reflectance spectra during the incidence of
linearly polarized radiation on the samples at an angle
@ = 88° were measured in the region of 4000...650 cm*
at room temperature using the IR reflection-adsorption
spectroscopy (IRRAS) method in the spectrometer
Varian 640 FT-IR [3, 4]. Optical reflection spectra were
obtained at an angle of incidence ¢ =45° in the
spectrophotometer Cary 50 Scan.

Irradiation of the samples was carried out on an
isotope source of ®°Co quanta with a dose rate of
dD,/dt = 0.54 Gy/s.

RESULTS AND DISCUSSION

The formation of an oxide layer on the surface of
radiation-thermally treated beryllium in an aqueous
medium at temperatures T =473...773 K under the
influence of y-quanta was traced by the method of
IRRAS. As an example (Fig. 1) shows the reflection
spectra surfaces of the Be samples before (see Fig. 1,
curve 1) and after oxidation in the absorption region of
the oxide film (v ~ 1300...650 cm™) (see Fig. 1, curves
2, 3). The radiation-thermal oxidation of beryllium is
accompanied by the formation of absorption bands at
1100 and 720cm™ [4,5]. According to [6], the
absorption bands at 1100 and 720 cm™ refer to the
longitudinal (LO) and transverse (TO) vibrations of
BeO lattice phonons and, accordingly, characterize the
stretching and bending vibrations of the BeO bond.
According to the theory of IRRAS [7], when studying
thin films on a metal surface, a change in absorption
upon reflection from a light sample (a decrease in
reflection) occurs significantly at frequencies of
longitudinal (stretching) vibrations. Therefore, the
oxidation state of the Be samples was subsequently
estimated from the change in the optical density of the
Be—O stretching vibration band (v ~ 1100 cm™).

Increase in contact time t from 15 to 45 min
accompanied by an increase in the intensity (optical
density) of the absorption band of the stretching
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vibration of the oxide film at v = 1100 cm* by ~ 2 times
(curve 2, 3). In this case, the half-width of the band
increases by 60 cm™ and amounts to Avy, = 150 cm ™.
This indicates that gamma radiation at relatively low
temperatures has a stimulating effect on the formation
of an oxide layer on the surface of beryllium in an
aqueous medium.
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Fig. 1. IR-spectra of the absorption band of the
stretching vibration of the Be-O bond before (1)
and after radiation-thermal oxidation at a temperature
of T =573 K of the beryllium surface:

7 =15 (2) and 45 min (3)

Comparison of the optical density and half-width of
the band of the stretching vibration of the Be—O bond of
the oxide film (v ~ 1100 cm ™) during radiation-thermal
and thermal oxidation under identical conditions shows
that the intensity and half-width in the first case are
~1.5 times greater, than in the second case. The
broadening of the stretching vibration band of oxide
films during radiation-thermal oxidation of Be indicates
the inhomogeneity of their structures, which is
apparently associated with microstructural
inhomogeneities caused by y-irradiation. An increase in
the treatment temperature from 473 to 773 K during the
radiation-thermal oxidation of Be leads to an increase in
the intensity of the Be-O stretching vibrations by a
factor of ~ 2 and their broadening by a factor of ~ 2.5,
while the position of the band actually remains
unchanged.

Kinetic curves of radiation-thermal oxidation of
beryllium with water, i.e. The dependences of the
optical density of the absorption band of the stretching
vibrations of the Be—-O bond on the contact time of
beryllium with water under the influence of y-quanta at
temperatures of 473...773 K showed that all of them
obey the parabolic law, but differ in the rate of
oxidation. The parabolic law of oxidation indicates that
the controlling mechanism of the process is the
diffusion of the metal and/or oxygen through the oxide
passivation layer. According to [8], surface-adsorbed
molecular oxygen in its m-form, i.e. n-O,, actively
participates in the formation of the oxide layer. The role
of the latter was also confirmed by
radiothermoluminescence (RTL) [8]. The formation and
formation of oxide structures on the surface of
radiation-thermally treated beryllium plates in an

aqueous medium at temperatures of 473...773 K under
the action of gamma rays is also confirmed by
electrophysical measurements of the surface electrical
conductivity of Be. As shown by these measurements,
the formation of a continuous oxide layer is
accompanied by a decrease in the value of the surface
electrical conductivity by 4 orders of magnitude
compared with the initial samples.

The optical reflectance spectra of the surface of
radiation-thermally oxidized beryllium at temperatures
of 473... 773K under the combined effect of
temperature and gamma radiation undergo significant
changes. Fig. 2 shows the changes in the optical
reflection spectra of the surface of radiation-thermally
oxidized Be at a temperature of 573 K depending on the
time of contact with water.
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Fig. 2. Optical reflection spectra before (1) and after
radiation-thermally oxidized at a temperature
T =573 K beryllium surface: = =15 (2) and 45 min (3)

A comparison of these spectra shows that with
increasing contact time in the wavelength range
A =350...800 nm, no changes are observed. However,
in the region of the edge of short waves A <250 nm, an
absorption band is observed, the intensity of which
increases with increasing contact time and indicates the
formation of a new substance. The band gap of this
band is E>7 eV and corresponds to the band gap of
BeO (according to various sources, it is equal to
E >6.8...10 eV). An increase in the contact time and
temperature leads to an increase in the thickness of the
oxide layer on the Be surface and, accordingly, to an
increase in the band gap.

CONCLUSIONS

The radiation-thermal oxidation of beryllium in
contact with water at temperatures T =473...773 K
under the combined effect of temperature and gamma
radiation was studied by infrared and optical
spectroscopy. According to the IR reflectance spectra, it
was found that an increase in the treatment temperature
from 473 to 773 K during radiation-thermal oxidation of
Be leads to an increase in the intensity of the Be-O
stretching vibrations by a factor of ~2 and their
broadening by a factor of ~ 2.5. The broadening of the
stretching vibration band of oxide films during
radiation-thermal oxidation of Be indicates the
inhomogeneity of their structures, which is apparently
associated with microstructural inhomogeneities caused
by vy-irradiation. According to the optical reflection
spectra of the surface of radiation-thermally oxidized
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Be, it was revealed that in the region of the edge of
short waves A<250nm, an absorption band is
observed, the intensity of which increases with
increasing contact time and indicates the formation of
an oxide layer. The band gap of this band is E>7 eV
and corresponds to the band gap of BeO.
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JOCJIAKEHHS PAI[IAIIIFIHO-TEPMI‘IHOFQ OKHUCJIEHHSI BEPWUJITIO B CHCTEMI
Be-BOJA METOJAMMU IHO®PAYEPBOHOI TA OIITUYHOI CHEKTPOCKOIIII

H.H. I'aoxcicea, @.H. Hypmameoosa, C.3. Menikoea

Mertonamu iH(ppauepBonoi (IY) Ta OnTUYHOI CHEKTPOCKOII MOCTIHKEHO pajialiifiHO-TepMiuHE OKHCICHHS
Oepmitito B KOHTakTi 3 Bomoro mpu Temreparypax T =473...773 K i cymicHii il Temmeparypu Ta TamMma-
BUIIPOMIHIOBaHHS. 32 iH()pauepBOHUM Ta ONTHYHUM CIICKTPAMH BiIOUTTS MPOCTEKEHO YTBOPEHHS OKCHIHOTO IIapy
Ha moBepxHi Oepmiito. B [U-criekTpax BHUSABICHO pO3IIUpPEHHS OKCHAHOTO miapy Ha moBepxHi Be (T =573 K) mpu
30iMbIICHHI TOIMMHEHOI 1O3M B ~ 2,5 pasd, IO IIOB’S3aHO 3 HEOJHOPITHOCTSMH, BHKIMKAaHMMH TaMMa-
ONPOMIHEHHSIM. 3a JaHUMHU CHEKTPIB ONTHYHOTO BiJOWTTS MOBEPXHI pajialliiHO-TEPMIYHO OKHCIEeHOTo Be
BUSIBJICHO, IO B 00JIACTI Kpal KOPOTKHUX XBHIb A <250 HM CHOCTEpIraeTbcs CMyra NOTJIMHAHHS, IHTCHCUBHICTb
SIKOT 3pOCTa€ 31 30UIBIICHHIM Yacy KOHTaKTy Ta BKa3y€e Ha yTBOPEHHS OKCHIHOTO MIapy.
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