1. Title of research: Thermoplastic/graphene nanocomposites 

2. Research problem

Of all engineering materials, polymers have seen the greatest increases in applications over the past several decades, due to their high ratio of strength to density and their low energy consumption. Most polymers lack functionality (such as barrier property and electrical conductive) and high mechanical strength, which severely limits their application; only a few polymers are electrically conductive, e.g. polyace​tylene, but these are expensive and difficult to process. Various organic/inorganic particles have been explored for the creation of composites to overcome these disadvantages. The performance of composites is determined by three factors—matrix, dispersion phase and interface—of which interface has attracted extensive research due to its critical effects on the dispersion of the filler and on the transfer of electrons or load between the dispersion phase and the matrix [1–3] – for example, the mechanical properties of aluminium polypropylene composite fibre through the modification of interface using polyethylene glycol [4]. 

Polymer nanocomposites are produced by compounding nanoparticles into polymers to achieve significantly improved or new properties beyond those of traditional particle-filled composites, such as when increasing the ion conductivity of liquid polymers via the addition of nanosized SiO2 particles [5]. The global nanocomposites market was estimated to be worth about A$1150 million in 2008 and is set to reach $1700 million by 2010 [6]. An emerging market is the development of new nanocomposite corrosion-resistant coating with an exceptional gas/water barrier property using silicate layers [7]. Nanocomposites are generally classified by the geometries of the nanoparticles—particulate (e.g. silica), layered (silicate layers), and fibrous geometries (nanotubes)—of which layered polymer nanocomposites have shown the greatest mechanical and barrier properties, and attracted the most extensive research and development due to the fillers’ high specific surface area, functionality and cost-effective fabrication [8–11]. Dr Jun Ma demonstrated that the expansion of layer spacing prior to compounding with polymers is critical to the exfoliation of layered silicates in nanocomposites [12]. In further studies, Dr Ma showed that the interface can be manipulated through either chemical bonding [13,15] or molecular entanglement [16], and that both promote the exfoliation of silicate layers and significantly increase mechanical strength. It is noteworthy that processing parameters such as temperature also affect the nanolayers’ exfoliation [17]. However, the challenge is to give layered nanocomposites more functionalities, such as electrical and thermal conductivity. 

Functional polymer nanocomposites, which combine the advantages of polymers with the functionalities of nanofillers, are a recently developed class of advanced materials that are already being used in many industries, e.g. the aerospace, agriculture, construction, defence, manufacturing, medical, mining, transport and information and communications industries. The nature of the interface has a profound influence on the structure and the functional and mechanical performance of these nanocomposites. Graphene platelets are a class of promising functional nanofiller which were discovered and developed over the past two years. The platelets, prepared by applying thermal shock to acidified graphite, comprise one or more layers of a graphene plane which is of exceptional functionalities, high mechanical strength and chemical stability. However, the interface between polymer and graphene is poor, leading to deteriorated mechanical strength [18,19].
3. Research Aim: 
· to modify graphene platelets​ by acidification and surface modification, using surfactants to promote the exfoliation and uniform dispersion of graphene platelets in matrixes – essential for the superior functional and mechanical performance of the resulting nanocomposites;

· to compound the modified graphene platelets with a number of important commercial thermoplastics, to produce the nanocompo​sites of the necessary interface strength and thickness;

· to investigate the effects of interface on the functionalities and mechanical performance of tailored nanocomposites, and to determine the underlying science that will enable their design, fabrication and analysis. 

 4. Research methodology:
Fig. 4 depicts the project schematically. The expansion of the layer spacing of graphite prior to compounding is critical to exfoliation. Thus, the applicant will first expand graphite by thermal shock. Either the chemical modification of the interface or the molecular entanglement between grafted surfactant and matrix molecules promotes exfoliation for nanolayers. Therefore, the applicant will modify the graphene platelets with a variety of surfactants to create different levels of interface for compounding the modified graphene with commonly used thermoplastics. The applicant will then determine the structure–property relations of these functional polymer nanocomposites.
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	Fig. 4 Schematic of approach


4.1 Acidification of graphene platelets. The applicant will investigate the effects of temperature and time during thermal shock on the expansion rate of graphite, and identify the ideal conditions for obtaining graphene platelets through maximum graphite expansion. These graphene platelets will be acidified by a mixture of HNO3 and H2SO4 to produce carboxyl groups in the platelet edges and surface. 

4.2 Modification of graphene platelets with surfactants. The acidified graphene platelets will be refluxed in a solution of thionyl chloride (SOCI2) with a catalytic amount of N,N´-dimethylformamide at 70 oC for 24 h. The residual SOCI2 will be removed by high-vacuum distillation, giving acyl chloride-functionalised graphene platelets, which will be immediately reacted with amine-containing surfactants at room temperature for 12 h. After cooling, the solution will be filtered and repeatedly rinsed with acetone.  The applicant will choose three types of surfactants which have different chain length and reative groups to create three levels of strong interface with different thickness for thermoplastic/graphene nanocomposites. 

4.3 Compounding with thermoplastics. The applicant will synthesise strong interface thermoplastic/ graphene nanocomposites by compounding thermoplastic with the three types of graphene platelets modified by surfactants. Specifically, the modified graphene platelets will be suspended in acetone or THF by ultrasonication and mechanical mixing. The applicant will mix the suspension with thermoplastic at a temperature depending on the molecular structure of the surfactants. The mixture will then be precipitated and dried. 
4.4 and 4.5 Structure and property of functional polymer nanocom​posites will be investigated using Fourier transform infrared spectroscopy, Raman spectroscopy. X-ray diffraction, X-ray photoelectron spectroscopy, transmission electron micro​scopy, scanning electron micro​scopy, dynamic mechanical analyser, and Netzsch laser flash diffusivity system.

5. Significance of the research

This research will lay the foundation for understanding thermoplastic/graphene nanocom​posites. It will achieve this by addressing an important problem in functional polymer nanocomposites—how to control the interface for combining superior functional and mechanical properties. By investigating the effects of the platelet surface modification on the morphology, functional properties, mecha​nical perfor​​mance and thermal stability of the nanocomposites, the applicant will gain insights into the interface–structure–property relations that will be critical for developing advanced functional products. The research will significantly add to the knowledge base by developing theories on how to tune properties, starting from the initial product design, and this will significantly save product development time. The outcomes will be a foundation for producing superior functional nanocomposites that will have roles in the manufacturing, medical, mining, transport and information and communications industries.
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