MECHANICAL PROPERTIES OF PLASMA POLYMER FILMS
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Multicomponent materials of high performance require sophisticated interlayers that enable to join materials of different physical and chemical properties. A single layer of homogeneous properties does not suit ambitious applications in fiber reinforced or particulate composites and nanocomposites. It means that more complex layered structures of controlled properties fulfill the demands on chemical composition and structure together with mechanical and interfacial properties [1].

A helical coupling pulsed plasma system was developed for continuous surface coating of fiber bundles used as reinforcements for polymer composites (FRC). The deposition apparatus was adopted to deposit films on planar substrates that are more convenient for thin film analyses. Single-layer films of RF-power controlled chemical and physical properties were deposited from tetravinylsilane (TVS) precursor [2]. Deposition and characterization of layered films prepared from tetravinylsilane vapor and its mixture with oxygen gas is a topic of the paper.

The coatings from double-layer to multilayer were deposited from pure monomer and/or a mixture of TVS/O2 at a total flow rate of 0.55 sccm (process gas pressure 1.4 Pa), where the monomer vapor flow rate was varied from 0.10 to 0.55 sccm and oxygen gas flow rate was 0 – 0.45 sccm. The effective power ranging from 0.1 to 10 W was another varying parameter used to control elemental composition and chemical structure of single layer. The thickness of the single layer in layered structure was 0.02 – 0.5 µm. 

A phase-modulated spectroscopic ellipsometer UVISEL (Jobin-Yvon) was employed to analyze the structures using the multilayer model with classical oscillator dispersion in the spectral range 240 – 830 nm. The thickness and dispersion of the refractive index and extinction coefficient were determined for each single layer. The depth profile of elemental composition (carbon, silicon, oxygen, and hydrogen) for multilayer coatings was studied by conventional and resonant Rutherford Backscattering Spectrometry (RBS) and Elastic Recoil Detection Analysis (ERDA) methods using Van de Graaf generator with a linear electrostatic accelerator. Our study was concentrated on interface/interphase phenomena between distinct layers. Deposition method was developed enabling to prepare the sharp or gradual interphase.
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