Effect of dislocation evolution on diffusion-induced stress and evaporation-induced surface structures on polymer films 
Fuqian Yang

Department of Chemical and Materials Engineering

University of Kentucky, Lexington, KY 40506

Lithium-ion batteries of high energy density and capacity are required in order to reduce the dependence of transportation on petroleum. Of major importance are issues which pertain to the prediction and control of the stresses and structural damage created by the insertion and de-insertion of lithium in lithium-ion batteries. The first part of this talk is focused on the development of a set of equations for analyzing the effect of dislocation evolution on diffusion-induced stresses. Using the theories of dislocation mechanics and plasticity, the dependence of plastic strain on the concentration of solute atoms is investigated. An analytical relation between the temporal variation of plastic strain and dislocation density (the concentration of solute atoms) is proposed. This provides us the basis of examining the effect of dislocation evolution on diffusion-induced stress.
Well-ordered surface structures at sub-micron scale have potential applications in various areas, including stretchable electronics, photonics, surface adhesion and bio-sensory devices. Recently, we have developed various templates, including “particle-on-film”, “ring-on-film”, and “wire-on-film”, to produce ordered surface patterns on pre-cast thin polymer films. The second part of this talk is focused on the use a simple “particle-on-film” template to produce ordered surface pattern on pre-cast thin polymer films. In contrast to the surface confinement used by various researchers in controlling the evaporation of a polymer solution, the “particle-on-film” template was constructed by placing a small particle on a pre-cast PMMA film to pin a solvent droplet and to control the evaporation of the droplet for the formation of concentric rings on the PMMA film. Well-ordered concentric rings were produced on pre-cast PMMA films. The formation of the concentric rings is a consequence of the stick-slip motion of the contact line, which involved an unconventional “advancing-receding” motion of the contact line at the “stick” state. The dimensions of the ring-structures are dependent on the particle size and the film thickness. Both the spatial wavelength and the amplitude decrease with the decrease of the distance to the center of the particle. These templates have the potential to fabricate regular surface patterns with controllable characteristics in a simple way.
