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Abstract: The optical properties of the surface of radiation-thermally oxidized aluminum and beryllium
have been studied. Dispersion curves of effective permittivity’s &1 (v) and & (v) are obtained. A
comparative variance analysis (DA) was performed as a function of the absorbed dose of y-irradiation. It
was found that, depending on the absorbed dose of y-irradiation, the maxima of the dispersion curves for
an optical transverse phonon (TO) are mixed in the direction of high frequencies. The observed
displacements are explained by the formation of oxide nanostructures on the surface of oxidized
aluminum and beryllium. Optical parameters are determined - the damping frequency v. and the plasma
frequency vy of the initial and radiation-thermally oxidized Al and Be within the Drude model.
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1. Introduction

The surface layer of metals is in a special physico-chemical state. It is largely saturated
with structural defects (vacancies, dislocations, impurities) and its properties differ from the bulk
properties [1-5]. Therefore, the special state of the near-surface layers can influence the kinetics
of various processes, including diffusion, adsorption, and radiolysis of water molecules. Contact
and interaction of water with the surface of metals leads to their change and is accompanied by
the formation of an oxide nanolayer. At the same time, a Me-MeO heterosystem is formed on the
surface, which plays a decisive role in radiation-stimulated water processes on the surface of
metals. The study of the initial stage of formation of surface oxide nanolayers is of fundamental
importance for solving the problems of surface passivation and predetermines the course of the
process of radiation corrosion [4,6-7]. Oxidation of metals, formation of oxide nanostructures on
their surface are confirmed by the results of studies carried out using complex methods,
including optical, spectroscopic, luminescent, electrophysical and microscopic methods. The
dynamics of formation of oxide nanostructures is also accompanied by a change in surface
properties, including optical properties. Therefore, it is interesting to study the optical properties
of the surfaces of radiation-thermally oxidized aluminum and beryllium and to perform a
comparative dispersion analysis of the reflection spectra as a function of the absorbed dose of y-
irradiation (or the contact time of aluminum and beryllium with water).

2. Experimental part

Plates of aluminum and beryllium with dimensions of 20x10x2mm? were investigated as
objects. The plates of AD-00 grade aluminum were obtained by stage-by-stage pressing of
cylindrical Al granules with a diameter of 3 and a height of 6 mm by means of a special mold
designed for optical studies. [6]. The polished beryllium plates are made of an ingot Be [8].

To eliminate impurity contamination, the samples were treated with solvents (ethyl
alcohol, acetone) and washed with distilled water. Samples were pre-dried at room temperature
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in argon. For dehydroxylation of the surface and complete purification from organic
contaminants, the samples were placed in quartz cells and additional heat treatment was carried
out at 673 K in a vacuum of P = 10 Pa for 6 hours. Adsorbate was unsaturated vapors of
bidistilled water from which foreign gases were removed by repeated freezing in a trap with
liquid nitrogen with subsequent evacuation. Adsorption of H.O was studied by the method
described in [9, 10].

Radiation-thermal oxidation in Al (Be) / ads.H2O heterosystems was carried out at a
temperature of T = 673K. The samples were irradiated on an isotope ®°Co source with a dose rate
dd, / dt = 1.03 Gy « sec. The absorbed dose, determined by the ferrosulfate dosimeter, varied
within the ®, = 0.5-120 kGy [11].

The reflection spectra of the initial and radiation-thermally oxidized samples of aluminum
and beryllium were obtained at incidence angles ¢ = 88 ° by the method described in [12].

The thickness of the oxide films was from 8 to 450 and 6 to 120 nm for Al and Be,
respectively. The small thicknesses of oxide films were estimated by the Strohmeier formula [13]
with respect to X-ray photoelectron spectra, and relatively large thicknesses were determined by
gravimetric method.

3. The discussion of the results

Radiation-thermal processes of oxidation of aluminum and beryllium in contact with
water were monitored by IR reflection-absorption spectra (IRRAS) in the frequency range 1200 -
650 cm™. Figure 1 shows the changes in the absorption bands of stretching vibrations of Al-O
and Be-O bonds as a function of the contact time of aluminum (Fig. 1a) and beryllium with water
(Fig. 1b) with radiation-thermal oxidation (T = 673K) Al and Be; from = 10 min (curve 1) to 18
hours (curve 2). As can be seen from Figs. 1a and 1b, with increasing contact time, the intensities
of absorption bands of Al-O bonds (v =950 cm™) and Be-O ( v = 1100 cm™) are increased and
their half-widths are broadened by ~2 and 1.5 times, respectively. In this case, the oxide
nanolayer thicknesses increase in 45 (Al) and 20 times (Be), and oxide nanostructures are formed
on the surface of these metals [14, 15].
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Fig.1. Changes in the absorption bands of stretching vibrations of Al-O and Be-O bonds as a function of
the contact time of aluminum (Fig. 1a) and beryllium with water (Fig. 1b) with radiation-thermal
oxidation (T = 673K) of Al and Be, from t = 10 min (curve 1) to 18 hours (curve 2)
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Based on the reflection spectra, the frequency dependences of the permittivity of oxide
nanolayers are obtained. As an example, the frequency dependences of the effective dielectric
permittivity of natural oxide layers (solid curve) and oxide layers obtained by radiation-thermal
oxidation at T = 673K on the surface of aluminum and beryllium (dashed curve) are given in the
Fig. 2a and 2b illustrations. The frequency dependences are obtained for both €1 and €. As can
be seen from the figures, the maxima of the dispersion curves for the optical transverse phonon
(TO), depending on the thickness of the oxide layers, shift toward higher frequencies. The values
of these displacements for heterosystems (Be-BeQO) and (Al-Al203) are different and, along with
other parameters, also depend on the dose of y-irradiation.

12

Fig.2. Effective dielectric permittivity’s of the initial (solid line) and radiation-thermally oxidized at T =
673K (dashed line) of aluminum (a) and beryllium (b).

Figure 3 shows the changes in the difference values of the maximum position for TO of
the Me-O bond vibration as a function of the dose of y-irradiation in the radiation-thermal
oxidation of Al (a) and Be (b).
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Fig.3. Changes in the difference values of the maximum position for TO of the Me-O bond vibration as a
function of the dose of y-irradiation in the radiation-thermal oxidation of Al (a) and Be (b)
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As can be seen from the figures, the dose dependences are linear and differ in the rate of
change. The rates of change, determined from the slope for the case of the heterosystem (Al-
Al;Oz), are ~1.4 times higher than the rate of change of the heterosystem (Be-BeO). The
observed effect is apparently due to the difference in the relief and their defectiveness of the
formed surface oxide nanostructures of aluminum and beryllium, which is confirmed by AGM
measurements [15].

In [16], the optical parameters of a number of inert metals, including Be in the IR region,
were studied and determined. It is shown that the frequency dependence of the optical parameters
€1 (v), & (v) is well described by the Drude model [17]. It is of interest to study the optical
properties and to determine the optical parameters of the initial and oxidized metallic Al and Be
within the framework of the Drude model. Analogously to [16], dispersion curves &1 (v), &2 (V)
were obtained. Taking IR spectroscopy into account, the frequencies are given in units of cm™,

It is known that the complex dielectric function &c and the complex refractive index nc is
defined as

g =& +ig, =n? = (n+ik)? (1)
According to the Drude model, the dielectric function is described by

2
Vp

2)

E = Eo — ’
¢ X y2Zyjyy,

where the values of v, vp and v; are presented in cm™. The real and imaginary parts are
represented in the form

& = foo T V2 4y2 (3)
V3V
& v3zvv12- (4)
In these equations, the plasma frequency is
51
- 1 4N 2
vp(em™) = o (FX) (5)

where - N density of free electrons, e-electron charge, m* - effective mass of electrons, & - high-
frequency dielectric constant. The damping frequency (the effective frequency of collisions of
electrons in a metal) v; is described,

ve(em™) = = (6)

2TCT

where 71 is the electron lifetime in seconds, and c is the speed of light. It should be noted that for
low frequencies

£(0) - - ()’ ™

T
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dc conductivity oo in units of cm™ through vp and 1« is defined as

2

vV
90 = 47':17/1- (8)
This dependence of dc, taking into account the resistance po, can be described in the form
-1 _ 1 _ 910
90(CM™) = rpe®] ~ Tzmcpo@an] )
According to the Drude model [17], the surface impedance is expressed as
1 1
— . _4m N [vve )2 . V)2
ZO) = RO) +iX() = Z(1+1) (2v§) (1+:i2) (10)
Wherein
1 ,x 2
41 [ vy \2 v v4\2
ROO_T(%) l—v—T+(1+v—$) l (ll)
All data on n and k are changed and are given through &1 and ;.
ve= 22 (12)
This formula allows us to determine v-, with the chosen frequency using the data €: and &>.
vp is determined from the expression (13)
vg =1 —e)(v?+v7) (13)

Using formulas 12 and 13, the values of the damping frequency (the effective frequency
of collisions of electrons in the metal) and the plasma frequency vp were determined at the
chosen frequencies. The obtained values of these parameters are given in the table.

Table
Layer/metal, viLo, cmt vro, cmt Ve, cmt vp, cm?t
d, nm
Al;O3/Al (8 nm) 950 630 1800 59000
BeO/Be (6nm) 1100 720 510 12000
Al>O3/Al (450 nm) 950 630 1785 59200
BeO/Be (120nm) 1100 720 480 11750

It can be seen from the table that the values of the optical parameters v: and vp vary
insignificantly, depending on the thickness of the oxide nanolayers. This indicates that radiation-
resistant oxide nanostructures are formed on the surface of aluminum and beryllium in the region
of the absorbed dose @, = 0.5-120 kGy at the temperature T = 673 K.
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4. Conclusion

The optical properties of the surface of radiation-thermally oxidized aluminum and
beryllium at a temperature T = 673 K and under the action of y-radiation are studied. Dispersion
curves of effective permittivity’s €1 (v) and €2 (v) are obtained. A comparative variance analysis
(DA) was performed as a function of the absorbed dose of y-irradiation. It was found that,
depending on the absorbed dose of y-irradiation, the maxima of the dispersion curves for an
optical transverse phonon (TO) are mixed in the direction of high frequencies. The observed
displacements are explained by the formation of oxide nanostructures on the surface of oxidized
aluminum and beryllium. In the framework of the Drude model, the values of the optical
parameters are determined: the damping frequency v: and the plasma frequency vp of the initial
and radiation-thermally oxidized Al and Be.
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ONTUYECKHUE CBOVCTBA MIOBEPXHOCTH PAJTMAIIAOHHO-TEPMUYECKHA
OKHCJIEHHOI'O AJIIOMUWHUSA U BEPNJIJIUSA

H.H. I'agx:xkueBa

Pe3rome: VI3ydeHBI ONTHYECKHE CBOWCTBA IOBEPXHOCTH PaIUAIlIOHHO-TEPMHUYECKHA OKHCICHHBIX
amoMuHus W Oepwums. [lomydeHBl JHMCHEPCHOHHBIE KPUBBIE AS(MQGEKTHBHBIX JUIICKTPHUECKHX
nponunaemocteit €1(v) u €2(v). [IpoBeaeH cpaBHUTENbHBIH TUCTIEPCHOHHBIN aHamu3 ([IA) B 3aBHCHMOCTH
OT TIOTJIONICHHON 03kl Y-00Ny4eHHs. BBISBIEHO, YTO B 3aBHCHMOCTH OT IIOTJIONICHHON O3Bl Y-
o0JyueHrss MaKCUMyMBbl JHCIIEPCHOHHBIX KPHUBBIX Uil ONTHYecKoro mnomepedHoro ¢onona (TO)
CMEIIAIOTCS. B CTOPOHY BBICOKHX 4YacTOT. HalOmomaemble cMmemieHHs OOBSICHEHBI (OPMUpPOBAHUEM
OKCHU/IHBIX HaHOCTPYKTYp Ha TIOBEPXHOCTH OKWCIICHHBIX ATIOMUHHS M Oeprnnus. OnpeneneHpl 3HAYSHUS
ONTHUYECKUX MapaMeTPOB - YaCTOTHI 3aTyXaHUS V; ¥ TUIA3MEHHOM 4acTOThI Vp UCXOAHBIX U PaJAHallMOHHO-
Tepmudeckn okucieHHbIXx Al u Be B pamkax momenu Jpye.

Knrouesvie cnosa: amomuHuii u GCpHHHHﬁ, OIITHYCCKHEC CBOfICTBa, paanalinOHHO -TCPMHUYCCKOC
OKHCJICHUEC, YaCTOTa 3aTyXaHus U IJIa3MCHHAasA 4acToTa.

RADIASIYA-TERMIK OKSIDLAOSMIS ALUMINIUM VO BERILLIUM SOTHININ
OPTIK XASSOLORI

N.N. Haclyeva

Xiilasa: Toqdim edilmis isdo radiasiya-termik oksidlogsmis aluminium va beryllium sathinin optik
xassolori 0yronilmisdir. Effektiv dielektrik niifuzluglarinin &1 (v) vo & (v) dispersiya oayrilori
alinmigdir. Gamma siialanmanin udulma dozasindan asili olaraq miiqayisali dispersiya analizlori
(DA) aparilmisdir. Miioyyon edilmisdir ki, y-siialanmanin udulma dozasindan asili olaraq optik
enino fononun (TO) dispersiya oyrilorinin maksimumlar1 yiiksok tezlik torofo siiriisiirlor.
Miisahido edilon siirtismalor aliiminium vo berilliumun sothindo oksid nano-quruluslarin
yaranmasi ilo izah olunur. IlIkin va radiasiya-termik oksidlosmis Al vo Be niimunalorin optik
parametrlorinin — sonma v. vo plazma v, tezliklorinin giymotlori Drude modeli ¢argivasinda tayin
edilmisdir.

Agar sézlar: aliminium va berillium, optik xassolor, radiasiya-termikoksidkosma, niifuzlug, sénma vo
plazma tezliyi
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