Free surface liquid films of binary mixtures: structuring and stability of stationary
solutions.
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We present the steady non-linear solutions of films of confined polymer blends at off-critical con-
centrations deposited on a solid substrate and with a free evolving surface. The solutions are obtained
numerically using a variational form of the Cahn-Hilliard equation in the static limit, which allows for
internal diffuse interfaces between the two components of the mixture [1]. Existence of most of the
branches of non-linear solutions at off-critical mixture concentrations can be predicted from the knowl-
edge of the non-linear solutions at critical compositions plus the branching points at off-critical com-
positions derived from a simple linear stability analysis. However, some families of solutions have no
correspondence at critical compositions.

We take a surface tension that allows for strong deformations at the sharp free upper surface. Varying
the average composition, the size of the films and the surface energy we find a rich morphology of static
films in the form of laterally structure films, layered films, droplets on the substrate, droplets on the
free surface, and checkerboard structures. We show that laterally structured solutions are energetically
favorable over homogeneous and other structured solutions within the whole spinodal region and even
close to the absolute stability binodal boundary.

In addition to the transport by diffusion we include the transport by convection through the named
model-H, which describes the coupling of momentum transport and diffusion of components in binary
mixtures such as polymer blends [2]. We extend the model-H with free surface boundary conditions
allowing us to study the combined effect of phase separation within a film of polymer blend and structur-
ing of the surface of the film itself [3]. We apply it to analyze the stability of vertically stratified steady
extended films and show that convective transport leads to new mechanisms of instability as compared
to the simpler purely diffusive case described by the Cahn-Hilliard model [4]. We carry out this analysis
for realistic parameter values corresponding to polymer blends used in experiments with, e.g. PS/PVME
mixtures [5, 6].
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