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Annomayusn. B oannoii pabome 6vi10 paccmompeno enusHue UOHHOU UMNIAHMAYUU UOHO8 cepedpa, YUHKA U
15 16 2 .

MazHust ¢ IKcnosuyuonnvimu 0ozamu 1107 u 1-10°° uon/cm™ na noeepxnHocmuvie colUCmMEa NOIUBUHULOBO2O

cnupma (IIBC). /[na usyuenus usmeHeHus uUKO-XuMU4eCKux c8oUCma 0bll NPUMEHEH Memoo UHGpaxrpacHou

(UK) cnexmpockonuu. [na onpedenenus cpeoHeli wepoxoeamocmu U CMpYKmypvl HosepXHocmu 0Oblil

3a0elicmeogan mMemoo amomHo cunogou cnekmpockonuu (ACM). Pacuem 2nyounbl 6HeOpeHUs UOHO8

OCYWeCmBIAIU C NOMOWDBIO CUMYIAYUU npobe2a uoH08 8 npocpammuom obecneveruu TRIDYN.

Introduction. Polymer materials are of great interest for their widespread use in different fields: from
medicine to aerospace. Polyvinyl alcohol (PVA) belongs to a class of biodegradable polymers that are widely
used in modern medicine for the production of implants and immunotolerant pins. Ion and plasma treatment
techniques are widely used methods for alteration of polymer surface properties, for example, for modification of
wettability, microhardness, conductivity, etc. [1]. The purpose of this paper is to investigate the effect of metal
ion implantation on surface physicochemical properties of PVA films.

Materials and methods. PVA samples were prepared by dissolving of polyvinyl alcohol granules in
water at 90 °C to form a 10% solution. Then the solvent was removed by drying at room temperature in a Petri
dish to form material at thickness of =<1 mm. Ion implantation was realized by MevvaV.Ru vacuum arc ion
source [2]. Metallic ions under analysis were zinc (Zn'"), magnesium (Mg'"’"), and silver (Ag>"). Because the
accelerating voltage was always 20 kV, the ion beam energies were 20 keV, 30 keV, and 40 keV, respectively.
Implantation is carried out to exposure doses of 1-10'° and 1-10'® jons/cm®. The structural characteristics of
implanted PVA were investigated by infrared spectroscopy using a single attenuation total reflection attachment
to IR-spectrometer Nikolet 5700. Simulation of ion depth into the PVA was made in TRIDYN software. Surface
morphology was studied by atomic force microscopy (AFM) using a microscope NanoScope IIIA (Bruker) in
tapping mode. Gwyddion software was used for the results evaluation.

Results and discussion. Infrared spectroscopy was carried out on unimplanted and implanted samples,

and the results are shown in Fig. 1. The unimplanted sample showed the basic chemical PVA bonds. There were
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changes for implanted samples, which showed lines in the 17001800 cm™ region, distinctive for carbonyl
(-C=0) stretching vibrations and related to surface oxidation [3]. This may be due both to local heating by ion
irradiation and to the presence of excess electrons from polymer chain scission. We observed a consistent
decrease in the intensity of the lines due to the valence vibrations of hydroxyl (O—H) (3100—3600 em), C-H
(2800-3000 cm™), and hydroxyl (—~C-O-H) (1560 cm™). It can be explained by the fact of polymer degradation
and oxidation. Alteration of deformation vibrations of (—CH,—) groups were not detected. (Characteristic lines
for (—CH,—) groups are 1465 cm™, 770-850 cm™, 1150—1350 cm™). Most of the changes occurred in the outer
layer of PVA.
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Fig. 1. IR-spectroscopy initial and implanted samples with Zn, Mg, Ag ions of PVA

TRIDYN simulations for Ag, Mg, and Zn ions showed that changes occurred in the surface layers at 30-
80 nm depth. Results are shown in Fig. 2. Maximum (peak) depth of ion range for PVA samples (nm): Ag-52,
Mg-80, Zn-32.5.
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Fig. 2. Distribution profiles of a) Ag b) Zn c) Mg ions in PVA samples according to simulations in TRIDYN

software
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Fig. 3. Average roughness for samples: a) PVA initial b) PVA Ag 1*¥10" ¢) PVA Ag 1*10"°
d) PVA Mg 1%10" ¢) PVA Mg 1*10"°f) PVA Zn 1*10" g) PVA Zn 1¥10"°

Results of AFM for PVA samples, before and after ion implantation, are shown in Fig. 3. Average
roughness for initial PVA sample was 17.86 nm. For Ag, Mg, and Zn-implanted PVA, the average roughness
increased, compared to the initial sample. For Ag-implanted PVA, samples the roughness increased with the
exposure dose enhancing from 54.84nm (1-10'° ions/cm®) to 63.24 nm (1-10'° ions/cm?). However, the dose
increasing leaded to average roughness decrease, from 84.11 nm (1- 10"% jons/cm?) to 32.23 nm (1-10'® ions/cm?),
and from 32.07 nm (1:10'" ions/cm?) to 23.45 nm (1:10'® jons/cm?), for Mg and Zn-implanted samples,
respectively.

Conclusion. Thus, we have explored the effects of silver, zinc, and magnesium ions implantation with the
exposure doses of 1-10'° and 1-10'® ions/cm” on physicochemical properties of PVA. The average roughness for
all Ag, Mg, Zn-implanted PVA samples increased, compared to the initial sample. We established similarities in
the chemical composition change of the PVA surface after ion implantation.
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