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Abstract

:

Understanding biaxial deformation is essential for a more realistic evaluation of rubber elasticity compared to the more usual uniaxial deformation. To study crystallisation occurring during biaxial deformation of natural rubber films, a new simple equipment has been designed and assembled. The equipment, mounted in the beamline of ALBA synchrotron light source facility, allowed the in-situ measurement of X-ray scattering of natural rubber during biaxial deformation. This work provides, for the first time, quantitative information on crystallisation during biaxial extension.
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The biaxial deformation test, compared with widespread uniaxial deformation systems, is a more comprehensive analysis with which to investigate polymer film properties during deformation. In fact, uniaxial deformation is not fully representative of the complex types of stress applied to polymer films in common application areas. As a consequence, the study of the behaviour of polymer films during biaxial deformation was of interest to carry out. The objective of this work was to contribute to the development of a full understanding of crystallisation during the biaxial deformation of natural rubber films and explore how this differed from crystallisation during uniaxial deformation.



Moreover, we evaluated how the process changed with different deformation symmetry. To achieve this, a new experimental stage system (Figure 1) was designed and tested to collect in situ X-ray scattering data during the biaxial deformation of natural rubber films. The equipment was mounted and aligned on the beamline of the ALBA Synchrotron Light Facility in Barcelona. Natural rubber films, in the form of discs, were mounted in the stage and deformed as a bubble using air pressure. The stage was designed so that the incident X-ray beam passed through the pole of the bubble, where the strain was purely biaxial. Small and wide-Angle X-ray scattering (SAXS/WAXS) data were recorded at different air pressures to continuously deform the rubber film. Both WAXS and SAXS showed different scattering features for the uniaxial and biaxial cases.



This work demonstrated that this bubble biaxial system worked successfully as an in-situ X-ray stage, providing high quality data for both uniaxial and biaxial deformation on the same rubber samples. Both loading and unloading were investigated. The new system provided, for the first time, quantitative information on crystallisation during biaxial extension. It represents a promising suitable experimental geometry for biaxial deformation research of different polymer films. Further studies in different areas and materials are expected—for example, in biomaterials such as skin tissue or the bladder wall, both of which involve biaxial deformation and in which high-quality, small-angle X-ray scattering could provide excellent input to aid in the understanding of deformation at the molecular level.
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Figure 1. Biaxial deformation stage, with natural rubber air pressured bubble mounted on the NCD-SWEET Beam line at the ALBA Synchrotron Light Source. The incident X-ray beam enters from the right hand-side behind the green vertical panel. The wide-angle X-ray scattering detector is shown on the left-hand side, slightly inclined towards the sample. The small-angle X-ray scattering detector is set more ten 6 metres to the left. 
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