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Droplets Impacting with surfaces to achieve desired coatings, or cleaning surfaces are a commonly encountered process in the field of protective
coatings. The behavior of a colliding binary liquid droplet is sensitive to the impact velocity, surface wetting properties and the droplet composition.
Here we report on detailed modeling (molecular dynamics (MD) and classical density functional theory (cDFT) studies of impacting droplets as well
as interfacial surface free energies.

The presence of two components in the liquid drop makes the surface collision a much more complicated problem. During the collision the the
kinetic energy of the entire drop is quickly converted into heat. Thus, the temperature varies during the collision and indeed, throughout the droplet.
We capture two extreme situations by performing both adiabatic (constant energy) and isothermal (constant temperature(T)) simulations.

The type of binary AB fluid mixture is purposely kept simple. That is, we let the AA and BB interactions be identical.  Furthermore, we keep the A
and B diameters equal and simply multiply the Lorentz-Berthelot energy parameter for the AB cross-interaction by a mixing constant. To mimic
demixing, the mixing parameter is varied from on the interval from 0 to 1.

Although the mixture is kept simple, interesting phase behavior is observed during the droplet collision. For certain sets of conditions (e.g., T,
droplet composition, impact velocity, mixing parameter) the droplet is seen to simply vaporize into a binary gas phase. However, for others the
simulation results in a phase separated droplet. That is,  a resulting droplet consisting of A rich and B rich regions. These regions, however, do not
take off separately (i.e., detach) but rather stay attached.

To investigate this curious behavior, we used cDFT to explore the effects of the mixing parameter on the phase diagram of the binary AB mixture.
We determined the location of liquid-vapor (LV) and liquid-liquid (LL) phase separation. In addition, we computed the value of the interfacial
tensions of the LL and LV interfaces. These can be used to predict when an A rich and B rich droplet will stay attached and when they will detach.
Although the colliding droplet represents, initially, a non-equilibrium system, the phase diagram is used to provide insight into the observed
phenomena.
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