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Abstract: This paper presents UV and Fourier - IR spectroscopic studies of radiolysis products of
domestic wastewater from an oil refinery in the presence of nano-y-Al,Os; under the action of gamma
radiation. The formation of radiolysis products was monitored at different absorbed doses of ionizing
radiation. The results on the radiolysis in the present nano oxide obtained indicate the formation of new
components, apparently due to their desorption from the nano-y-Al,Os surface.
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1. Introduction

The use of radiation-chemical technology is one of the promising methods of domestic
wastewater treatment. This method makes it possible to achieve a high degree of decomposition
of toxic wastewater components and simultaneously carry out microbiological treatment [1-3].
To intensify the process of radiation wastewater treatment, methods of advanced oxidative
treatment processes (AOP) are used, based on the combined use of physical factors such as UV
radiation, photolysis, Fenton's reagent, ozone, H2O,, etc. In this aspect, it is of interest to study
the effect of nanocatalysts on the radiolytic transformation of toxic components of wastewater
[4,5].

Several works [5-8] show the positive effect of nanocatalysts on the radiation-chemical
processes of wastewater treatment. To analyze the products of radiolytic decomposition of toxic
components, various physicochemical methods are used [9-10], such as UV and IR spectroscopy,
which is useful for studying the processes of decomposition of components of domestic
wastewater - alkanes, alkenes, aromatic hydrocarbons, etc. The possibilities of these methods
have made it possible to use them for the analysis of oil and oil components, various
hydrocarbons, surfactants, and other toxic components [11-14].

The purpose of this work is to study the effect of nano-y-Al2Os on the radiolytic
decomposition of toxic components of domestic wastewater under the action of gamma radiation
by UV and IR spectroscopy.

2. Materials and methods
Nano-y-Al,Os (d=50 nm, specific surface area $=262.09 m?/g, manufactured by USA

Skyspring Nanomaterials) was used in the experiments. Samples of domestic wastewater from
the Oil Refinery Plant were used. 0.1 g of nano-y-Al,Os was added to 70 ml of water, and the
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prepared samples were irradiated by irradiation of Co® with a dose rate of 0.1-0.2 Gy/s, in the
absorbed dose range of 0.3-55 kGy under static conditions in glass ampoules with a volume of
110 ml.

Liquid phase samples were analyzed in a VARIAN SCAN-50 UV spectrophotometer
(UV-Visible Spectrophotometer) in a 4 ml cuvette, 1 cm thick.

To separate nano-y-Al,O3 from the liquid phase, a «Centrifuge 5804 R» centrifuge from
«Eppendorf» was used. For this purpose, a 1 ml sample of domestic wastewater was placed in a
cylindrical cell and subjected to rotation at a speed of 5000 cycles/min for 5 minutes.

IR spectroscopic studies were carried out after the separation of the liquid and solid
phases (nano oxide) using a centrifuge. A part of the obtained solid mass of the nano-y-Al.O3
sample was mixed in KBr according to the standard procedure. IR spectra were taken on a
Fourier-IR spectrophotometer VARIAN-640 in the range v=3600-400 cmL,

3. Results and discussion

Figure 1 shows the UV absorption spectra of the initial and irradiated samples in the
liquid phase at different absorbed doses.
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Fig. 1. UV absorption spectra of domestic wastewater before and after passing from the centrifuge. 1-
before passing, 2- after passing through the centrifuge 1-initial; 2-0.3 kGy; 3-0.8 kGy; 4-5.5 kGy; 5-55.4
kGy

As can be seen from fig.1, with an increase in the irradiation dose in the range of
0.3+55.4 kGy Abs decrease from 3.2 to 2.1 at 201 nm. Abs values in the spectra of samples
before and after centrifugation are shown in table 1.

Table
Abs values in the spectra of samples after centrifugation at different absorbed doses

0,3 kGy 0,8 kGy 5,4 KGy 55,4 kGy
A, nm | Abs A, nm | Abs A, nm | Abs A, nm | Abs
203 4,1 201 3,5 204 3,2 201 3.4
206 4 205 3,6 206 3,2 205 3,4
208 3,8 209 3,6 209 3.1 439 0,14
212 3,7 214 3,4 667 0,02 627 0,13
214 3,7 440 0,3 - - -
216 3,7 599 0,3 - - - -
220 3,8 - - - - - -

At higher doses, there is also a mixing of absorption in the region of lower wavelengths
(hypsochromic shift). A more complex picture is observed in the UV spectra of the samples after
passing through the centrifuge (Fig. 1. (curve 2)). As can be seen from the figure, in this
spectrum at low doses, several absorption peaks are observed, and the composition of the peaks
expands to a dose of 5.5 kGy and gradually decreases to 55.4 kGy.

The decrease of absorption at high absorbed doses (55.4 kGy) can be explained by the
decomposition of organic matter in domestic wastewater samples. In all cases, centrifuged
samples have a hypochromic effect, i.e. the peaks are shifted to the left.

Centrifuged nano-y-Al>0O3 samples were analyzed by Fourier IR spectroscopy using KBr.
The spectra of the corresponding samples at different absorbed doses are shown in Fig. 2.
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Fig. 2. Fourier-IR absorption spectra of the solid phase obtained after centrifugation of household waste
samples in the presence of nano-y-Al,Os at different absorbed doses

As can be seen from Fig. 2, the following absorption bands are observed in the spectra
[15]:
e 3400-3600 cm™ - intermolecular hydrogen bond
e 2961 cm*- This region includes C-H stretching vibrations of aromatic, heteroaromatic,
small cycles, halogenated alkyl groups, C-H bond vibrations in alkanes
e 1926 cm™ - Deformation vibrations of C-H bonds in alkenes and types of substitution at
double bonds
e 1645 cm- Stretching vibrations of C=C bonds in alkenes, terminal vinyl group,

Terminal methylene group, 1,2- and 1,4-quinones, Stretching vibrations of the carbonyl

group.

e 400-800 cm Active bands in this region can be explained by Al-O bonds.

As can be seen from the spectra, the absorption (Abs) band corresponding to v=1645 sm™
increases with the absorbed dose. When the dose is increased to 55.4 kGy, Abs increases from
0.7 to 1.58, and the absorption band corresponding to v=2961sm™ disappears at higher doses.

The observed patterns of radiolysis of wastewater in the presence of nano-y-gamma-
Al>O3 are associated with the additional formation of active centers when exposed to gamma
radiation with oxide.

It is known that aluminum-oxygen bonds are hydrolyzed as follows:

—Al*+H;06 —Al— OH + H*

As a result of further hydrolysis, the Al,O3 surface can acquire a weak excess positive
charge:
Al-OH + H,0« —Al-(OH2) + OH~

Or a weak excess negative charge:

“Al-OH + H20«> ~Al-O— + H;0*

Thus, there are many acidic and basic sites on the oxide surface, and each site is capable
of adding or removing only one hydrogen, hydroxide, or other singly charged ions [14].
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1.

4. Conclusion

The absorption band corresponding to v=1645 sm™ increases with the absorbed dose. When
the dose is increased to 55.4 kGy, Abs increases from 0.7 to 1.58, and the absorption band
corresponding to v=2961sm™* disappears at higher doses.

The results obtained indicate the formation of new components by apparent desorption from
the surface of nano-y-Al20s. In addition, a significant decrease in the composition of
products at a wavelength of 200-210 nm indicates the decomposition of the components
adsorbed on the surface of nano-y-Al2Os.In all cases, centrifuged samples have a
hypochromic effect, i.e. the peaks are shifted to the left.
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CIIEKTPOCKOIIMYECKHE UCCJIEJOBAHUSA IMTPOAYKTOB PAJJUOJIN3A
BbITOBBIX CTOYHBIX BO/l B MIPUCYTCTBUU HAHO-y-Al20; IOA AEUCTBUEM
I'AMMA HU3JIYUYEHMUSA

H.T. Mamenosa, 3.U. UckennepoBa, C.3. MeinukoBa, M.A. Kyp6anos

Pe3tome: B nanHoii pabote mpuBeneHsl Y®- u Dyppe - UK cnexkTpockonmuueckue HCCIeAOBAHHS
MPOAYKTOB PaJuoIn3a OBITOBBIX CTOYHBIX BOJ He(TenepepadaThIBaloIIero 3aBoJa B MPUCYTCTBUM HAHO-
v-Al;03 mon neiictBueM ramma-m3iaydeHus. Crenunu 3a 00pa3oBaHHEM MNPOIYKTOB DPAJMONU3a MPH
PasHBIX MOTJIOMIEHHBIX 033X HOHM3UPYIOLIEro u3iydeHue. [lomydeHHbie pe3yapTaThl CBUACTEIbCTBYIOT
00 00pa3oBaHMI0 HOBBIX KOMIIOHEHTOB, 10 BUANMOMY 3a CHET UX JECOPOLMHU M3 MOBEPXHOCTH HAHO-Y-
Al,0Os.

Knrouesvie cnosa: Panvonus, nauo-y-AlOs, ObiToBBIe cTOuHBIC BOabl, MK- cnektpockomms, Y®-
CIEKTPOCKOIIHSI, MOIIHOCTE TO3BI

QAMMA SUALARIN TOSIRI ALTINDA NANO- y -AL203 iISTIRAKINDA MOIiSOT
TULLANTI SULARININ RADIOLiZ MOHSULLARININ SPEKTROSKOPIiK
TODQIQI

N.T. Mommadova, Z.I. iskandarova, S.Z. Malikova, M.O. Qurbanov

Xiilasa: Bu mogalodo gamma siialarinin tosiri altinda nano-y-Al.Os istirakinda neft emali zavodunun
moisat tullantt sularinin radioliz mohsullarinin UB va Furye - IQ spektroskopik tadqiqatlart dyronilmisdir.
fonlagdirict siialanmanin tosiri altinda udulma dozasinin miixtalif giymatlorinds radioliz mohsullarmin
amoalo galmasi miisahido edilmisdir. Noticalora asasan demok olar ki, amoalo golon mohsullarin nano-y-
Al,O3 sothinds desorbsiya olunmasi sistemda yeni komponentlorin omols galdiyini gostarir.

Acgar sézlar: Radioliz, nano-y-Al,Os, maisot tullant1 sulari, 1Q spektroskopiya, UB spektroskopiya, doza
glicu
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