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Polymer-Matrix Composites



Polymers Polymer-matrix composites are much easier to fabricate than metalmatrix, carbon-matrix, and ceramic-matrix composites, whether the polymer is a thermoset or a thermoplast. This is because of the relatively low processing temperatures required for fabricating polymer-matrix composites. For thermosets, such as epoxy, phenolic, and furfuryl resin, the processing temperature typically ranges from room temperature to about 200°C; for thermoplasts, such as polyimide (PI), polyethersulfone (PES), polyetheretherketone (PEEK), polyetherimide (PEI), and polyphenyl sulfide (PPS), the processing temperature typically ranges from 300 to 400°C. Thermosets (especially epoxy) have long been used as polymer matrices for carbon fiber composites. During curing, usually performed in the presence of heat and pressure, a thermoset resin hardens gradually due to the completion of polymerization and the cross-linking of the polymer molecules. Thermoplasts have recently become important because of their greater ductility and processing speed compared to thermosets, and the recent availability of thermoplasts that can withstand high temperatures. The higher processing speed of thermoplasts is due to the fact that thermoplasts soften immediately upon heating above the glass transition temperature (T,) and the softened material can be shaped easily. Subsequent cooling completes the processing. In contrast, the curing of a thermoset resin is a reaction which occurs gradually. Epoxy is by far the most widely used polymer matrix for carbon fibers. Trade names of epoxy include Epon, Epi-rez, and Araldite. Epoxy has an excellent combination of mechanical properties and corrosion resistance, is dimensionally stable, exhibits good adhesion, and is relatively inexpensive. Moreover, the low molecular weight of uncured epoxide resins in the liquid state results in exceptionally high molecular mobility during processing. This mobility enables the resin to quickly wet the surface of carbon fiber, for example.
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CARBON FIBER COMPOSITES



Epoxy resins are characterized by having two or more epoxide groups per molecule. The chemical structure of an epoxide group is:



where Be = benzene ring. For liquids, n is usually less than 1; for solid resins, n is 2 or greater. The curing of an epoxy resin requires a cross-linking agent and/or a catalyst. The epoxy and hydroxyl groups (-OH) are the reaction sites for cross-linking. Cross-linking agents include amines, anhydrides, and aldehyde condensation products. In the curing reaction, the epoxide ring is opened (called ring scission) and a donor hydrogen from, say, an amine or hydroxyl group bonds with the oxygen atom of the epoxide group. Ethylene diamine is an amine which serves as a cross-linking agent.



Epoxide groups at the ends of two linear epoxy molecules



Ethylene diamine



Cross-link formed between two linear epoxy molecules



As no by-product is given off during curing, shrinkage is low. The mers (repeating units) of typical thermoplasts used for carbon fibers are shown below, where Be = benzene ring.
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Polymer-Matrix Composites



The properties of the above thermoplasts are listed in Table 6.1. In contrast, epoxies have tensile strengths of 30-100 MPa, moduli of elasticity of 2.8-3.4 GPa, ductilities of 0 4 % and a density of 1.25g/cm3 [3]. Thus, epoxies are much more brittle than PES, PEEK, and PEI. In general, the ductility of a semicrystalline thermoplast decreases with increasing crystallinity. For example, the ductility of PPS can range from 2 to 20%, depending on the Table 6.1



Properties of thermoplasts for carbon fiber polymer-matrix composites. PES



Tg ("C) Decomposition temperature ("C) Processing temperature ("C) Tensile strength (MPa) Modulus of elasticity (GPa) Ductility (% elongation) Izod impact (ft lbhn.) Density (g/cm3) "From Ref. 1. bFrom Ref. 2. 'From Ref. 3.



230" 550" 350" 84' 2.4' 30-80' 1.6' 1.37'



PEEK 170" 590" 380" 70' 3.8' 50-150' 1.6' 1.31'



PEI



PPS



PI



225"



86" 527" 316" 66' 3.3" 2' 
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