Low energy curing methods of resins and natural fiber/resin composites against conventional ones. Comparison on the base of their mechanical performance
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ABSRACT
Curing process during composite manufacturing is one of the bottlenecks that are both wasteful in terms of time and of energy consumption. Any reduction in curing cycle durations and energy consumption could dramatically affect the environmental impact of composites together with cost. The most widely used processing method to produce aerospace components is autoclave resistance heating bag molding. 
In recent years, alternative energy sources for curing have received considerable attention. Among them, microwave and infrared radiation have shown good potential for curing of thermoset polymers and their composites. Both provide reduced curing duration along with energy savings [1–4]. Due to the intrinsic nature of the internal heating (as opposed to external heating by conduction), microwave energy offers the possibility of faster and more uniform cure of thermosets and their composites. In recent years it has been reported that microwave processing of composites gives clear advantages over conventional curing, such as: volumetric and selective heating, reduction of cycle time as well as energy savings [5]. It has been shown that advantages of MW heating can also be realized for industrial manufacturing too [6].
Infrared (IR) heating has already been established as an energy efficient alternative to conventional processing for adhesives and coatings, glass and ceramics, metal processing, medical, and packaging, plastics, rubber, printing, textiles, and wood industry [7].  IR curing directly heats the resin/composite without heating the medium present between the IR source and the resin/composite, by selective energy absorption. 

The main purpose of the present study is to investigate and compare the mechanical and thermomechanical properties of different types of materials cured by using conventional and low energy curing methodologies and estimate the energy consumption needed for eache method per unit volume. Towards this direction, two different types of materials were examined. The first one is an epoxy resin 1500/1504, was provided by Resoltech, France, and the second one is a composite plate made of flaxpreg UD 150 prepreg material, provided by Lineo, France. 
Differential Scanning Calorimetry (DSC) was used for the quantification of the degree of cure and the glass transition temperature for all cases, while tensile (ISO 527) and three point bending (ISO 178) tests were performed in order to estimate the influence of the curing method in final properties of the two types of the materials. 
From the above investigation the following conclusions are drawn:
For the epoxy system (Resoltech 1500/1504)
· It was experimentally confirmed that microwave and infrared curing provide as high degree of cure as the conventional curing.

· microwave curing provides almost equal mechanical properties as the conventional curing, while IR curing concludes to slightly lower values
For the composite system (Flaxpreg UD150)
· Microwave curing although has the lower energy consumption compared against infrared and conventional curing, it concludes to the higher degree of cure and consequently to slightly higher mechanical properties.            
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Figure 1: DSC curves of uncured and cured sample in order to calculate the degree of cure.
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Figure 2: samples of epoxy resin (Resoltech 1500/1504) and tensile experimental test.
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