Structural and dynamic mechanical analysis of composite films produced with Graphene Nanoplatelets/HDPE/LDPE
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Abstract
Combining several materials with a polymer matrix is an alternative to link up different microstructure characteristics and build unique mechanical properties in polymer-based composites. In this paper, nanocomposites films were fabricated with graphene nanoplatelets (GNP) added to a polymer matrix formed by high-density polyethylene (HDPE) and low-density polyethylene (LDPE), structural and dynamic mechanical performance were evaluated by X-Ray diffraction (XRD) and dynamic mechanical analysis (DMA) analysis. Dried HDPE, LDPE, and GNP were mixed in a co-rotating twin screw extruder with a pellet mill attached, dried again, and then the films were obtained by extrusion in a single-screw blown type film balloon extruder, with temperature zones set at 170, 180, and 190 ºC, under 56 RPM. Samples of HDPE/LDPE and HDPE/LDPE/GNP were obtained in 14:86 and 13:86:1 wt.%, respectively, as well as pure GNP. XRD showed a crystalline orthorhombic structure composed majorly of HDPE and LDPE as majority phases, expressed by 21.5 º (110) and 23.7 º (200) (2θ) peaks. Low patterns were exhibited for GNP with a characteristic peak at 26.4 º (002) corresponding to a c-axial plane, as a second phase, perpendicular to the graphite hexagonal plane, indicating a highly ordered structure with an interlayer distance of 0.33 nm. Regarding the storage modulus at 25 ºC, the HDPE/LDPE/GNP composite exhibited a larger value (1.4.103 MPa) compared to HDPE/LDPE (1.1.103 MPa), which can be related to a higher viscoelastic material property and its greater stiffness, promoted by the addition of GNP. The slightest improvement for the tangent delta (from 0.12 to 0.14) indicates the contribution of viscous and elastic composite enhanced by GNP addition. Through single-screw processing of HDPE and LDPE polymer matrix added with 1 wt.% GNP, these results are essential when it comes to polymer processing and developing materials with improved mechanical properties for structural applications.        
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Figure 1: (a) XRD patterns and (b) Tan δ from DMA results
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