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Plasma-assisted methods were applied to enhance the activity of TiO,-based photocatalysts. . A radio frequency
(RF)-plasma was applied to treat the bare and Ru dye-sensitised TiO, nanopowders (anatase) to enhance their photo-
catalytic activity. Plasma treatment was performed either in inert or in reactive atmosphere. In latter case, the plasma
treatment resulted in covering the catalysts with a polymer layer. The photocatalytic activities of catalysts were eval-
uated by measuring the photodegradation of methyl orange (MO) in aqueous solution exposed to ultraviolet (UV)
light. The MO concentration in solution was measured spectrophotometrically (UV-Vis spectrophotometry). The
photocatalytic activity expressed in term of rate constant was 2.6 times higher for TiO, covered with a polymer layer
than that for bare titania. A decrease in activity was observed after RF-plasma treatment of bareTiO,.

st ycunenust OTOKaTaIMTUIECKOH aKTUBHOCTH KaTaan3aTopoB Ha 0CHOBE TiO, ObUIM HCTIONB30BAHKI TITa3-
MeHHbIe MeTOABI. [[11a3Ma BEICOKOYaCTOTHOTO pa3psiaa HCIOIb30BAJIACh A1l 0TOPaOOTKN HAHOPA3MEPHOTO MTOPOIIIKA
TiO, (anara3) 10 u MOCIE CEHCUTH3AaUMK KpacuTeaeM Ha ocHOBe Ru. Ilnasmennas oOpaboTka IpOBOAMIACE KaK
B MHEPTHOH, TaK W B PEaKIMOHHOW arMocdepe. B mocnenHem ciydae B pe3yiabTare IIa3MEHHOW 00paboTKH Ha
MTOBEPXHOCTh KaTaln3aTopa HAHOCWINCH TOIUMEpHBIE TIeHKH. DOTOKATAINTHYECKYIO0 aKTHBHOCTD MCCIIEIOBAIIN
B peaknuu (oTomerpamai METUIOBOro opanxkeBoro (MO) B BOXHOM pacTBOpE Mpu OOIyUYCHUH YIILTPadHOICTO-
BbIM (Y®) m3nyuenuem. Konnenrparuo MO onpenensun crierpodoromerpudeckn. Koncranra peakiuu (hotose-
rpagaiuu MO B npucytctBun TiO,, HOKTPHITOrO MOJMMEPHOM IIEHKOH, OblIa B 2,6 pa3 BbIIIE KOHCTAHTHI PEAKIIHH
B IPUCYTCTBMU HEOOPaOOTaHHOTO OKCH/a THTaHa. [1nasmMennas o6padorka TiO, CHIKaIa €ro akTHBHOCTB.
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paspsiz, 00paboTka B Ia3Me, KpacuTelld Ha OCHOBe Ru.

Plasma-assisted technologies can be considered as environmentally friendly energy saving processes. The use and
disposal of hazard chemicals can be avoided. On the other hand, drying processes that require quiet a lot of energy are
eliminated, since the entire plasma treatment processes are carried out under dry conditions. During last decades, plasma
treatment was successfully used as an alternative route for catalysts preparation [1]. Traditional way for supported cata-
lysts preparation includes an activation by thermochemical processes. Thermochemical treatment includes heat treatment
in either oxidizing or reducing atmosphere. As it is well known, the activities of supported catalysts are strongly depen-
dent upon size, shape and dispersion of the active phase. On the other hand, heat treatment can cause the undesirable mor-
phological changes on the surface of the catalyst, such as sintering, particle size growth etc. To overcome this problem,
a plasma-assisted method has been proposed for catalyst preparation [1].

In this paper, plasma-assisted methods were applied to enhance the activity of TiO,-based photocatalysts. To date, ti-
tanium oxide is the most widely researched photocatalyst. TiO, is a chemical and thermal stable, non-toxic semiconductor
photocatalyst. Titanium oxide is considered to be the best catalyst for the photodegradation of organic pollutants, since
it not only degrades organic compounds including organic dyes but also mineralizes them to CO,, H,O and mineral acids
[2]. Despite the many known advantages of using TiO,, it suffers from the shortcoming of having a low efficiency in visi-
ble range. The photosensitization is considered to be a promising method to extend the light absorption. In previous work
[3], the performance of Ru dye sensitized TiO, nanopowders was tested for photocatalytic H, evolution. The performance
of TiO, nanopowders impregnated with Ru dye was found to be unsufficient because of the weak bonding between the
dye molecules and the surface of the titanium dioxide. The second reason for poor catalytic performance was the self-ag-
gregation of the dye molecules. To overcome this problem, the Ru dye- TiO, assembly was encapsulated by a polyamine
layer anchored to the surface of titania. In this study, untreated and plasma treated bare TiO, nanopowders, as well as
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TiO, nanopowders impregnated with a Ru dye were employed for photocatalytic degradation of methyl orange (MO) in
aqueous solution exposed to ultraviolet (UV) light. The kinetic of the photodegradation of methyl orange was modelled
using Langmuir-Hinshelwood rate equation.The kinetic of the photodegradation of methyl orange was modelled using
Langmuir—Hinshelwood rate equation.

TiO, anatase nanopowder (Aldrich, <25 nm, 99.7 %) was used as the photocatalyst powder. A Ru dye solution (0.3 mM)
was prepared by dissolving commercially available N3 (C,.H, N.O,RuS , Aldrich) in absolute ethanol with stirring overnight

260716
at room temperature to ensure the complete dissolution of all solids. Fig.1 present the structural formula of the N 3.
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Figure I — Structural formula of Ruthenium-based N3 (C,.H, N O.RuS,) dye

The dye solution was then adsorbed onto the surface of the anatase nanopowder with stirring at room temperature for
24 h. Finally, the solvent was evaporated and the sample was dried at 60 °C.

Plasma treatment and plasma polymer coatings of TiO, — based photocatalysts were performed in radio frequency
(13.56 MHz) plasma generated in a rotating drum reactor “Piccolo” (Plasma Electronic GmbH, Neuenburg, Germany).
The reactor is illustrated in fig.2 and describe in details in [4].

The plasma treatment was performed at a power of 300 W in inert (argon, Ar) atmosphere for 15 min. The treatment
was performed under gas flow conditions (20 sccm) at atotal pressure of 15 Pa. The plasma polymer coatings were depos-
ited using a low-pressure RF plasma polymerization process with allyl alcohol as precursor and argon as carrier gas. The
deposition was also performed in the rotating drum reactor. The following process parameters have been set: RF plasma
power 300 W, deposition time 15 min, gas composition 20 sccm Ar and approx.1,5 sccm allyl alcohol, pressure 15 Pa.
The plasma polymer coatings were deposited onto both bare and N 3 impregnated TiO, anatase nanopowder. Whereas
the plasma treatment was applied to only bare TiO2 anatase nanopowder. The samples undergone plasma treatment and
plasma polymer coating are summarized in table 1.

Y
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Figure 2 — Rotating drum reactor “Piccolo” (Plasma Electronic GmbH, Neuenburg, Germany)

Table 1 —Summary of plasma treatment conditions

Preparation .
route Sample Plasma treatment ‘Evniltgrgg;{lstéog Plasma polymer coating
number Y
1 TiO, - - -
. RF-plasma, Ar, 300 W,
2 TiO, RF 15 Pa, 20 sccm, 15 min B B
3 TiO,-N3 - + -
. RF-plasma, Ar : allyl alcohol (as precursor),
4 TiO,-ppl - B 300 W, 15 Pa, 20 sccm:1.5 sccm 15 min
. RF-plasma, Ar : allyl alcohol (as precursor),
5 TiO,-N3-pp2 - * 300 W, 15 Pa, 20 sccm:1.5 scem 15 min
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Prior to photocatalytic experiments, direct photolysis of MO solution was studied by UV-irradiation in the absence of
the photocatalyst for 1 h.. Dye adsorption on the surface of the photocatalyst was also studied. Aqueous solutions of MO
mixed with photocatalysts were stirred in dark for 1 h to observe whether there was any color removal due to adsorption. It
was found no observable color removal due to direct photolysis or due to the MO adsorption on the surface of the catalysts.

For photocatalytic activity studies, 10 mg of powder sample was dispersed in 5 ml of aqueous solution of methyl
orange with a concentration of 50 mg/L. The dispersion was irradiated by UV-light using a 240 W high-pressure Hg lamp
(DRT-240) with stirring. Aliquots were collected at various time intervals to monitor the photodegradation of dye. In the
absorption spectra of methyl orange water solution, there are two main peaks, one is color peak at ~465 nm, and another is
characteristic peak of benzyl at ~ 192 nm. The photocatalytic reaction was monitored spectrophotometrically by observing
absorbance of methyl orange at the peak absorbance wavelength (A = 465 nm). The spectra were taken with UV-Vis
spectrophotometer (SOLAR PB 2200, Belarus). Prior to the experiments, the UV-Vis spectrophotometer was calibrated in
order to determine the linear range of the absorbance-concentration relationship.

The rate of methyl orange decomposition (C,) was calculated as
_ o _a (1)
T CO AgGS >

Where Cis initial concentration of dye solution, C is concentration of dye solution at any time t after photoirradia-
tion, A65 and A#%° are the initial absorption and absorption at photoirradiation time t at the oy 465 N1,

The catalysts efficiency was expressed in terms of the rate constant of photodegradation. The rate constant for deg-
radation k was obtained from a first order plot. It corresponds to the slope of the straight line of the curve 5 £ vs time of
irradiation Co

InC, = In— = —kt. )

Prior to the photocatalytic experiments, the non-photocatalysis decolorization of MO solution due to photolysis or
adsorption on the catalysts’ surface was examined. Direct photolysis of MO solution was studied by UV-irradiation in the
absence of the photocatalyst. The irradiated solution was analyzed by recording variations in the absorption in UV-visible
spectra of MO. For the adsorption measurements, the suspension of catalyst and MO solution was magnetically stirred
in dark. Adsorption capacity of the catalysts were also determined by analyzing the variation in MO spectra. The rate of
non-photocatalysis decolorization was determined with respect to the change in intensity of absorption peak at 462 nm.

Fig. 3 shows the result from photodegradation of MO for various TiO,-based catalysts. The order of photodegradation
efficiency of various catalysts was TiO,-pp1 > TiO, > TiO, -RF> TiO,-N- pp2 > TiO,-N3. As can be seen in fig. 1, polymer
capped Ru dye impregnated titania nanopowders (TiO,-N3-pp2) is almost non-active. Approximately 86 % of MO was
left after 10 min of irradiation. No further photodegradation of MO was observed. For Ru dye impregnated photoatalyst
(TiO,-N3), the value of A ** increased with time. It might be caused by the absorbtion of Ru dye that was deleted from the
surface of the TiO, nanopowders. For bare TiO,, approximatelly 99% of MO was degradeted after 20 min of irradiation.
Covering of TiO, with polymer layer led to enhancement of catalyst perfromans. For TiO, -pp1 catalyst, less then 0,1% of
MO was left after 10 min of irradiation. Unexpected decrease in activity was observed after RF-plasma treatment of TiO,.

Further work will be carried out to elucidate the origin of the catalytic activity of TiO, nanopowders covered with
polymer layer.
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Figure 3 — Kinetics of the degradation of MO under UV-irradiation

The photocatalytic activity expressed in term of rate constant was 2.6 times higher for TiO, covered with a polymer
layer (TiO, -pp1) than that for bare titania. The rate constants (k) were found to be 1.1-10? s, 0.4-10* s™ and 0.25-107
s for TiO, covered with a polymer layer (TiO, -pp1), bare TiO, (TiO,) and RF-plasma treated TiO, (TiO,— RF), corre-
spondently.
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OHEPreTHUECKUE CUCTEMBI COCTOSAT U3 MHOXKECTBA SHEPTETUUECKUX MPEINPUSITHH M SHEPTETHIECKUX 00BEK-
TOB, KOTOpPBIE B MPOLECCE CBOEH JIESITEILHOCTH OOMEHUBAIOTCS TaHHBIMH KaK MEXIy cOOOH, TaK U C BHEIIHUMH
10 OTHOIIEHMIO K HEProcUcTeMe CyObeKTaMHU-TTapTHEPAMHU U IIPOMBIIUICHHBIME 00beKTaMu-norpedutensamu. Ho
TaK Kak, 711 0OMEHa HCIIONb3YIOTCS JaHHbIE OT HECKOJIBKMX MCTOYHHKOB, BO3HHKAET MPOOIEMa COBMECTUMOCTH
JTAHHBIX.

Energy systems consist of a variety of energy enterprises and energy facilities, which in the course of their
activities exchange data, both among themselves and with external entities in relation to the energy system-partners
and industrial facilities-consumers. But since data from several sources is used for exchange, there is a problem of
data compatibility.

Knrouesvie cnosa: OHEProcucTeéMa, CEMaHTHIECKasA CETh, OHTOJIOTHA, DJICKTPOIHEPT €TUKA.

Keywords: energy system, semantic web, ontology, electricity.

DHepreTHUECKHe CHUCTEMBbI OTHOCSATCS K CIOKHBIM IPOM3BOJICTBEHHBIM CHCTEMaM, COCTOSIIIMM W3 MHOMKECTBA
SHEPreTHYECKUX MPEANIPUSATHIl ¥ SHEPreTHUECKUX OOBEKTOB, CIIOCOOHBIX B MPOLIECCE CBOCH JIESITENLHOCTH BCTYIATh
B Pa3JIMYHBIC BUJIbI OTHOIICHUH, KaK MEX/y COOO0M, TaKk U C BHEITHUMH 110 OTHOIICHHIO K YHEPrOCHCTEME CyObeKTaMH-
MapTHEpaMu M TPOMBIIUICHHBIME OObEKTaMH-TIOTPEOUTENSIMU. YIIPaBJIeHHE B SHEPTEeTUKE MOXKHO pacCMaTpUBaTh Kak
YTIOPSIIOYMBAHUE OCHOBHBIX BEKTOPOB JAESATEIBHOCTH SHEPTONPEANIPUATHI C IIETbI0 UX KOOPANHALUH U PETYITUPOBAHUS
OTHOIICHUI JI1 COXPAHEHMS IEJIOCTHOCTH M yCTOMYMBOCTH PabOTHI BCel 3Heprocucremsl. Kputepusamu yrpaBieHus
SHEPrOCHCTEM MOXKHO CUHMTATh!

— CHIDKCHHE HEOITPE/ICIICHHOCTH B CHCTEME 3a CUET 00eCIeUeH s aKTyallbHOM MH(OpMaIMel 0 ee COCTOSTHHY;

— JOCTHXKEHHE YCTOHYUBOCTH (PyHKIIHOHUPOBAHHSI SHEPTOCHCTEMBI Ha OCHOBE BHIPA0OOTKH CBOEBPEMEHHBIX U aKTy-
AJIbHBIX YIPABJIEHYECKUX PEIICHUMN.

Texnonorus Smart Grid mo3BossieT 00eCeYnTh YIIpaBIeHHE YHEPTOCUCTEM, COOTBETCTBYIOIIEE BBIICIICPEUUCIICH-
HBIM KPUTEPHSM, HCIOJIB3YS] HHTEIUIEKTyaIbHBIC CUETUNKH, PETYITHPOBAHNE CIIPOCA Ha 3IEKTPOSHEPTHIO, THHAMUIECKOE
yIpasJieHHe dMekTpoceTsivu [ 1].

Smart Grid (yMHBIE ceTH) — 3TO cUCTEMa IepeIavu MJIEKTPOIHEPTUH OT TPOU3BOJUTENS K OTPEOUTEII0, KOTOpast ca-
MOCTOSITEJIHO OTCJIEKHBAET M pactperelsieT HOTOKH AIEKTPUYECTBa sl TOCTHKEHHS MaKCUMaIbHOH 3()(eKTHBHOCTH
UCIIOJIb30BaHMs SHEpruu. VIcrosb3ys coBpeMeHHbIe HH()OPMAIMOHHbBIE U KOMMYHHKAIIMOHHBIE TEXHOJIOTHH, BCE 000py-
noBaHue cereit Smart Grid B3anMOISHCTBYET IPYT € APYTOM, 00pasyst eIUHYI0 HHTEIUICKTYaJIbHYI0 CHCTEMY YHEPTOCHA0-
xenus. CoOpanHas ¢ o0opynoBaHMs HH(GOPMAITU aHATM3UPYETCS, a Pe3yNIbTaThl aHAIN3a TIOMOTAI0T ONTHMH3UPOBATh
UCTIOIb30BAHKE IIEKTPOIHEPTHH, CHU3NUTD 3aTPAThl, YBEIMUUTh HA/ISKHOCTD M 3 (PEKTHBHOCTH SHEPrOCHUCTEM.

BesomacHoe, HaJIe)KHOE ¥ IKOHOMHUYHOE SHEPrOCHAOKEHHE TECHO CBSA3aHO C OBICTPOH, 3P eKTHBHOI 1 Ha/IeKHOMH
KOMMYHHUKallMOHHOW HHPpacTpykTypoil. B koHTekcte Smart Grid aTo o3HauaeT 3p(heKTHBHYIO MHTETPAIHIO BCEX KOMITO-
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