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Abstract— A study was made of a series of polyurethane copolymers (PUs), in which the chemical components were: a hard segment (giving, on phase separation, hard nano-scale reinforcing particles); a soft segment (giving, on phase separation, an elastomeric matrix), and a diol chain extender. (PUs) were investigated, based on several diisocyanates of rigid and/or variable geometries, with the aim of improving understanding of the relationship between molecular/supramolecular architecture at the nm-scale and macroscopic mechanical properties in such systems. A novel diisocyanate (4,4’-dibenzyl diiscyanate (DBDI)) and a triol chain extender (1,1,1-trimethylol propane (TMP)) were included as well as more widely-used components, in order to widen the range of structures achievable beyond those normally available. The chemical changes, and variation of thermal history, lead to varying degrees of phase segregation and crystallization in the hard segment, particularly when using DBDI which displays a variable geometry due to which there result PUs with increased degrees of crystallinity. Rotation around the central –CH2-CH2- bond in DBDI allows alignment of successive aromatic rings thus favoring the tendency of crystallization which involves the DBDI hard phase. The chemical compositions of were varied systematically and independently, and their mechanical responses were measured in cyclic tensile tests at room temperature, up to stretches in the range 5-6. Particular attention was paid to characterizing the inelastic features – hysteresis, and stress relaxation in interrupted tests – and their variations between the materials. The same materials were also studied by wide-angle X-ray scattering (WAXS) and differential scanning calorimetry (DSC), to determine levels of crystallinity. Results showed that hysteresis was increased by increasing hard phase crystallinity. The extent of stress relaxation in interrupted tests was found to increase with hysteresis and hence with hard segment crystallinity, reflecting the higher flow stress of the reinforcing hard domains. In large deformation cyclic experiments at room temperature, the degree of hysteresis and stress relaxation were found to be greatly enhanced by hard-phase crystallinity, through its effect of increasing the flow stress.
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       2007.  
21  C. Prisacariu, C.P. Buckley, V.A. Prisacariu - “Mechanical response of Novel Crosslinked Thermoplastic 
       Polyurethane Elastomers Derived from Single and Mixtures od Isocyanates of Variable Geometry”-  special 

      lecture, 3rd International Symposium on “Reactive Polymers in Inhomogeneous Systems, in Melts ans at Interfaces”,  

      REACT 2007, Dredsen, Germany 23-26 Sept. 2007.
iii. Current work done as part of the NATO project. 
     As shown in my CV, starting year 2003 I have acted as a Romanian Project Leader of 4 national research grants and 2 international project as follows: a UK Royal Society Joint Project (2003 -2005) and an ongoing NATO Collaborative Linkage Grant, 2005 – 2008, project nr: PDD(CBP.EAP.CLG 981805/ 22.07.2005); both of them between The Institute of Macromolecular Chemistry “Petru Poni”, Iasi, Romania and The Department Engineering Science, University of  Oxford, UK with Professor Paul C. Buckley acting as the UK Co-director of these projects; 
- title of the previous UK Royal Society Joint Project: “Optimising performance of polyurethanic products via control of chemical structure”
 - title of the ongoing NATO project „ New polyurethanes and the nano-structural origin of their stress-strain response”.
The overall objective followed in these projects was/is mainly to improve understanding of the relationship between molecular/supramolecular architecture, and useful mechanical properties, for a uniquely versatile family of synthetic polymers consisting of: (a) conventional commercial polyurethanes; (b) novel Romanian polyurethanes (PU) and blends based on flexible hard segments of variable geometry; (c) novel deuterated PU; (d) nanopolyurethanes with new flexible hard segments, containing inorganic fillers; (e) new smart stimuli –responsive shape memory polyurethanic materials with large possible utilizations in civil and military applications . The goal was/is to enable molecular tailoring of these materials, to optimise their performance in a variety of practical applications. The approach is interdisciplinary, combining synthetic macromolecular chemistry at the Romanian Institute and microstuctural studies at Polymer Science Centre, University of Reading, UK, with the study and quantitative modelling of mechanical properties which was /is made and at The Engineering Science Department, Oxford University, UK. High strain rate experiments in PU are now studied at present at the Oxford department with the aim to find new applications in the survivability of our PU structures under impact loading, including those encountered in blast and ballistic events. The final outcome of this work is a predictive capability, whereby performance of these materials will be calculable for any given application, in terms of: their chemistry and microstructure and the form of the product. This is aimed at making a concerted study of the influence of nano-structural aspects (chemical and physical) on the mechanical performance of polyurethanes at an unprecedented level of detail (exploiting small-angle x-ray and neutron scattering and high resolution electron microscopy). Collaboration between the Romanian and British partners was/is making available to the researchers a uniquely rich set of polyurethanes with which to study systematically the role of nano-scale structural details in controlling elastomeric performance.

     Therefore my research interests derive from these projects and are focused both on the investigation of conventional classical polyurethanes and on novel Romanian polyurethanic (PU) materials in the context of three important application areas for them: (a) their use as elastomeric materials with potential military/medical/ aerospace applications; (b) their use as nanopolyurethanes based on new flexible DBDI based hard segments, containing inorganic fillers; (c) new smart stimuli – responsive ‘shape-memory’ materials and their potential use in civil and military applications.

