Cexknus II. MaTtepuasioBeieHHe U TEXHOJOTHN 00padoTKu MaTepuasoB 105

Hcxons u3 MoiydeHHBIX JAHHBIX, MOYKHO CHIENATh BBIBOJ, YTO IPAKTUYECKU BCE BXOS-
M€ B COCTaB CTEP’KHEBBIX NECKOB MMHEpANbI (KpOME KBapIla) YXyALIAI0T UX KaueCTBO Kak
HaIoJHUTENeH (POPMOBOUYHBIX U CTEP)KHEBBIX CMECEH, MO3TOMY JJIsl U3TOTOBJICHUS CTEPXKHEH
HE0OXOIMMO UCTIONH30BaTh KBAPIIEBBIE IECKU C MUHIMAIIBHBIM CO/ICPKAaHHEM ITPUMECEH.
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The most important parameters that characterize the microstructure of the films and deter-
mine the possibility of their use as porous templates are the pore diameter, porosity, and ordering
of the porous structure. Therefore, to increase the efficiency of the use of porous anodic alumina
films, it is important to investigate the effect of the formation modes on the microstructure. The aim
of this work was to choose and optimize a model for processing experimental data obtained by
scanning electron microscopy in the ImagelJto determine the parameters of the microstructure
of porous films. The work shows the result of SEMimage analysis and obtains plots of pore diame-
ter distribution by size and determines the diameter of the main pores.
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Electrochemical oxidation of aluminum in acid electrolytes is a relatively simple and ef-
ficient way to obtain oxide structures with the possibility of controlling the porous structure. In
this case an anodic oxide film with a regular porous structure is formed, the pore channels of
which are oriented perpendicular to the plane of the aluminum substrate. In the process of an-
odic oxidation such parameters as pore diameter, pore spacing, barrier layer thickness and
thickness of the obtained porous film can be varied by changing the anodization modes.

The most important parameters that characterize the microstructure of the films and
determine the possibility of their use as porous templates are the pore diameter, porosity,
and ordering of the porous structure. The above parameters largely influence the degree
of filling of porous templates when depositing metal nanoparticles in them to obtain com-
posite films with different properties.

Therefore, to increase the efficiency of porous anodic alumina films, it is important to
study the effect of the formation modes on the microstructure of the films. As a rule, the struc-
ture of anodic films is considered taking into account the generally accepted ideal model,
where its morphology is an array of hexagonal ordered cells. Numerous studies have shown
that the distance between pore centers is proportional to the anodization voltage. The coeffi-
cient that relates the distance between pore centers and anodization voltage varies in the range
of 2.4 to 2.6 nm/V, depending on the selected anodizing electrolyte [1, 2].

In practice, to determine the distance between the pore centers, scanning electron mi-
croscopy (SEM) data are used, which, after processing microphotographs, allow to obtain
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the distribution of distances between the pore centers [3—5]. In this work, ImageJ was cho-
sen to process SEM images. This program is a powerful tool for image processing and
analysis and has all the necessary tools to determine the microstructure parameters of po-
rous anodic alumina films.

The aim of this work was to choose and optimize a model for processing experimental
data obtained by scanning electron microscopy in the ImageJ to determine the microstruc-
ture parameters of porous films.

The main task of SEM image analysis of the porous film surface was to plot the distri-
bution of microstructure parameters to visualize the analysis process and the subsequent
statistical processing of the results to determine the diameter of the main pores.

Pore diameter distribution and the main pore diameter were determined from the SEM
images using ImagelJ. To calculate the pore principal diameter, we used Gaussian function
approximation of the pore distribution curves. In this case, we used the assumption that the
resulting pore distribution included both small-diameter pores and main pores - pores with
a larger diameter. Of practical value is only information about the main pores, which get
further development deep into the aluminum, and the data for the initial pores, which
quickly stop their growth, make it difficult to carry out the analysis. Therefore, some
of the pores with small diameter were not considered in the approximation. The implemen-
tation of this approach consisted in leaving only one smaller value after the maximum on
the pore diameter distribution curve. In this case, the maximum on the Gauss curve corre-
sponded to the main pore diameter (dpore) for porous aluminum oxide films.

Images of the surface with nanoscale pores for SEM image analysis in Image] were
taken at a magnification of 50,000 (Fig. 1, a).

gaussian curve

a) 0)

Fig. 1. EM image of the surface of the nanoporous alumina film formed
in oxalic acid on a SiO,-Si substrate (a), and pore diameter distribution (b)

The number of pores used for processing at the maximum of the curve was about 250.
As can be seen from Figure 1, b, approximation of the analysis results with the Gaussian curve
allowed us to calculate the diameter of the main pores, which was equal to dyore = 15 nm.

The results obtained for the pore diameter of the anodic alumina film agree well with
the literature data, which allows us to conclude that the model used for processing experi-
mental data in the ImagelJ for analyzing the microstructure of anodic alumina films.
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BbITOBbIE NMOJIMMEPDI: MNOJIb3A U BPE

H.TI'. ManamkoB

Vupeorcoenue oopazosanus «l omenvckuii 20cy0apcmeenHblil mexHU4ecKull
yrusepcumem umenu I1. O. Cyxoeon, Pecnybauxa bBerapyco

Hayunsrii pyxoBoautens C. H. BoGpsimesa

Bvimosvle nonumepwl, makue Kax niacmuxogble YRAKOGKU, 00edcod, nocyoa u opyaue u3oenust
USPAIOm GANCHYIO PONb 8 Hautell NOBCEOHESHOU JHCU3HU, obecneuusds y0oocmeo u QyHKYuOHAa b-
Hocmb. OOHAKO UX UCNOTL30BAHUE TAKICE CONPANCEHO C PAOOM BONPOCOS, MAKUX KAK 3AZPS3HEHUe
OKpydrcalouels cpedbl NIACMUKOGLIMU OMX00AMU, 8bIOPOCHL NAPHUKOBBIX 20308 NPU NPOU3BOOCHIEE
NnoaUMepos, ux HedghPexmusHoe UCHOIb306anUue U MpyOHoCcmuy 6 nepepabomke. B dannou cmamve
PACCMampusaromcs NpeumMywecmsa i HeOoCmamKy ObIMoBbIX NOAUMEPOS, d MAKICe UCCIe0VIOMCs
B03MOJICHOCHIU YIIYHULeHUs UX YCIMOUYUGOCHU U Oonee I phexmugrnozo ucnonv3oganus. Paccmampu-
8AIOMCS MAKIHCE ANLINEPHAMUBHBIE MAMEPUATDL, MAKUE KAK OUONOIUMEPLL U HAHOMAMEPUATbL KAK
boJiee IKON02UUECKU YCIOUYUBbLE AILINEPHAMUGHL MPAOUYUOHHBIM NIACMUKAM. B 3akmouenue noo-
YEPKUBAEMCSL BAINCHOCb DOIee OMBENCIMGEEHHO20 U YCMOUMUBO20 NOOX00A K UCHOIb308AHUIO Obl-
TOBbIX NOAUMEPOS, BKIIOYASL COKPAUJEHUE UX UCNOTb306AHUS, VIYYUEHUe Memo008 nepepabomKu
u pazpabomxy boee IKON0UYECKU YCIMOUYUBHIX ATbIMEPHANUG.

KnroueBble cj10Ba: OLITOBEIE IMOJIMMEPEI, TNIACTUKOBBIC OTXOAbI, METO/IbI Hepepa60TK1/I, 9KO-
JIOTUYECKH yCTOﬁ‘IHBBIe AJIbTCPHATHUBBI.

[Tonumepsl — 3TO JIMHHBIE MOJIEKYJIbl, COCTOSIIIIME U3 MTOBTOPSIFOLIINXCSI MOHOMEPHBIX
€IMHHULI, UX MOKHO HAWTH MPAKTHYECKH BE3JI€ B HAILIEH MOBCEIHEBHOM XHU3HU. [lommmepsl
HallUIM [IMPOKOE MPUMEHEHUE B MPOU3BOJACTBE PA3NMYHBIX M3ACIHA U MPOAYKTOB, TAKHX
KaK TUIACTUKOBAsl YIaKOBKA, CTPOUTEIbHBIC MAaTepUalibl, aBTOMOOMIIbHBIC JETANN, MEIH-
nUHCKUE u3Aenus u ap. OHM cTanu HEOThEMJIEMOW YacThIO Hallleld KyJbTypbl U oOpasa
YKU3HH, oOecrieunBas ya00CTBO, SKOHOMHUYHOCTh Y MTPOYHOCTh BO MHOTHX aCIEKTax Hallei
IMOBCEAHEBHON JIEATECIILHOCTH.

OnHako BMECTE C MOJIb30M HUCIOIb30BAHUE OBITOBBIX MOJUMEPOB TAKKE UMEET CBOU
HeraTUBHbIE acneKTbl. OHM MOTYT OKa3bIBaTh BIUSHUE HAa OKPYKAIOIIYIO CpeLy U 370pO-
BbC YEJIOBCKA, BBI3BIBAS PA3NIMYHBIC TPOOJIEMBI, TaKWE KaK 3arps3HCHUC OKPYKAoMIeH
cpenbl, UCTOUIEHUE MPUPOJHBIX PECYPCOB M BO3MOXKHBIE BO3JICUCTBHUS HA 310POBBE JIO-
neil. B nanHoil HayyHOU cTaTbe OyAeT MPOBEACH aHAJIU3 MOJb3bl U BpeJa ObITOBBIX MOJIN-
MEpPOB C YYETOM MX BIIMSHHUS HA 3J0POBBE OKPYIKAIOIIEH Cpeibl U 310POBBE UYEITOBEKA.

OaHUM W3 TJaBHBIX MPEUMYIIECTB UCIOJIB30BAHUS OBITOBBIX TOJUMEPOB SIBISETCS
UX TPOYHOCTHh U JerKocTh. [lonmuMepsl 001agat0T BHICOKOM MEXaHUYECKOW MPOYHOCTHIO,



