Plasma-treated fluoropolymers for the manufacturing of glassreinforced pipes with corrosion resistant thermosetting liners
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Introduction
Thermoplastic fluoropolymers show an excellent combination of good mechanical, chemical,
electrical and thermal properties in a broad range of temperatures. Furthermore, these materials
show the unique property of not adhering to any kind of surface. In some cases, like in the
adhesive processing, this feature is an advantage, but it can be a problem in the manufacturing of
composite materials, where fluoropolymers must be coupled with thermosetting resins.
Such difficulties may be overcome with an aggressive surface treatment of the fluoropolymers, as
plasma etching, that enhances chemical affinity with the other materials to couple.
The improvement of chemical resistance of pipelines for the transport of highly corrosive fluids is a
critical issue for a broader diffusion of composite pipes reinforced with glass fibres. These pipes,
extensively produced by filament winding, are essentially composed of three different layers having
specific functions: an internal liner, an intermediate mechanical resistant layer and an external
protective layer.
Since one of the most important phenomena provoking the deterioration of a composite pipe is the
diffusion of the corrosive fluid through the liner, into the reinforcement layer, it is very important that
resin and reinforcement of the liner show a good corrosion resistance and a good interface
adhesion.

Experimental
In this work, that is part of an Italian funded project aiming at the manufacturing of glass-reinforced
pipes with thermosetting corrosion resistant liners, we studied and compared the interfacial
mechanical properties of the thermosetting resin / fluoropolymer (Poly [ethylene
chlorotrifluoroethylene] - ECTFE) system, where the latter was tested untreated, plasma-treated
and chemically-treated.
The adhesion between 1.5 mm thick sheets of ECTFE (Halar from Ausimont) and vinyl ester resin
sheets (Atlac 580 from DSM) was studied using double lap shear tests according with ASTM D
3528.
The double lap shear experiments were performed using a dynamometer LLOYD LR5K. The
morphology of treated and untreated surfaces of ECTFE was studied using Atomic Force
Microscopy (AFM) and Scanning Electron Microscopy (SEM).

Results and discussion
The results of this study showed an increase of the adhesion between treated ECTFE and
vinylester resin of at least 400 %, compared to untreated ECTFE/resin. Mechanical tests showed
the yielding of the surface-treated fluoropolymer instead of the debonding at the interface.
Furthermore, it must be underlined that plasma treatment is easier, faster and cleaner than
chemical etching treatment, from an industrial point of view. This is especially true for surface
treatment of fluoropolymers in form of veil, that can be used as reinforcement for thermosetting
composite liners.
Future work will concern with the characterisation and related data analysis, of prototype pipes
manufactured with a liner in vinylester/ECTFE, that have been testing in by-pass in a chemical
plant.
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