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Ksztattowanie struktury i wlasciwosci mechanicznych
oraz antybakteryjnych

powlok ditlenku tytanu modyfikowanego srebrem i azotem
w procesie fizycznego osadzania z fazy gazowej

Streszczenie

Praca dotyczy ksztattowania struktury powlok ditlenku tytanu modyfikowanego
srebrem i azotem w procesie fizycznego osadzania z fazy gazowe;.

Celem pracy bylo zaprojektowanie i wytworzenie powtoki ditlenku tytanu z dodat-
kiem srebra (TiO,:Ag) modyfikowanego azotem w procesie reaktywnego rozpylania
magnetronowego, charakteryzujacej si¢ nanokrystaliczna struktura, o sktadzie fazo-
wym zapewniajacym wzrost wlasciwoS$ci antybakteryjnych i mechanicznych. Przedsta-
wiono wyniki badaf sktadu fazowego, chemicznego, transmitancji promieniowania,
struktury geometrycznej, twardosci, modulu Younga, przyczepnosci do podioza i ak-
tywnoSci bakteriobdjczej wytworzonych powtok TiO,, TiO, z nanoczastkami srebra
réwniez TiO,:Ag modyfikowanych azotem.

Powloka TiO,:Ag modyfikowana azotem cechowata si¢ amorficzna struktura
z niewielka objetoscia wzgledna faz krystalicznych m.in. anatazu i rutylu. W amorficz-
nej osnowie ditlenku tytanu wystepowaly nanokrystaliczne czastki srebra o Srednicy do
dwoch nanometréw. Po wyzarzaniu (500°C/1 h), powtoka TiO,:Ag modytikowana azo-
tem charakteryzowata si¢ mikrostruktura z ziarnami kolumnowymi skladajacymi si¢
z krystalitow o roznej orientacji krystalograficznej, m.in. fazy anatazu, Tip gO4N, rutylu
oraz nanoczastek srebra. Powstate krystality mialy rozmiary nieprzekraczajace kilku-
nastu nanometrow.

Analiza wynikéw przeprowadzonych badan potwierdzita, ze uzyskany nanokom-
pozyt mozna aplikowac na powloki bakteriobdjcze. Dziatanie antybakteryjne powloki
oparte jest na tworzeniu na powierzchni rodnikéw hydroksylowych i reaktywnych od-
mian tlenu w procesie fotokatalizy aktywowanej promieniowaniem z zakresu widzial-
nego oraz za pomoca mechanizmu uwalniania jonéw srebra (Ag™).
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Formation of structure and mechanical and antibacterial properties
of titanium dioxide coatings, silver and nitrogen modified,
deposited by PVD method

Summary

The coatings were deposited by reactive DC magnetron sputtering in an
Ar+0,+N, gas flow. Titanium target with silver pellets were used. The coatings sput-
tered on glass, silicon and stainless steel 304 grade. Target constructions, substrate dis-
tance from the target, magnetron power, gas flow changed. The influence of deposition
parameters on the structure and properties of coatings was determined. The amor-
phous coating structure after deposition was obtained. For crystallization, the anneal-
ing was performed (400°C/1 h and 500°C/1 h).

The resultant coatings were tested by the following methods: XRD, SEM, TEM,
ToF-SIMS, AFM (3D maps, roughness RMS), UV-Vis spectroscopy and scratch test.
Hardness and Younga modulus of the coatings was also measured. Photocatalytically-
-active coatings were screened for their antibacterial efficacy against Staphyloccocus
aureus. Coatings and the controls (glass substrate) were irradiated under a 254 nm UV
lamp for 60 min to activate the coatings. Then the bacteria were applied to the coating
and incubated 1, 3, 5, 24 hours in visible light. UV irradiation was not applied after
application of the bacteria to the coating. The bacteria from the coatings were taken
and plated onto agar (Luria-Bertani, Sigma). Inoculated plates were then incubated
overnight at 37°C. After incubation a colony count was performed (CFU/ml).

Nitrogen modified TiO,:Ag coatings were found to be significantly more antibac-
terial than TiO, and TiO,:Ag. Nitrogen modified TiO,:Ag coatings showed a 33% re-
duction of bacterial after 3 hours of incubation compared to TiO,. And after 5 hours
45% reduction of bacterial (compared to TiO,). Antimicrobial activity was observed
after 24 hours, indicating that silver ion diffusion is also an antimicrobial mechanism.
High bactericidal activity of coating is due to its phase composition and nanocrystalline
structure.

A new coating of nitrogen and silver modified titanium dioxide was prepared,
which consisted of phase: anatase, Ti, gO4N, rutile and Ag. The resulting crystallites
were to a dozen nanometers in size. Coatings have high hardness to prevent scratching,
also good adhesion to the substrate.





