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Drop floating on a granular raft
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We study the interactions of a water drop with a monolayer of large and dense particles at an
oil-water interface called a granular raft. If the particles are hydrophobic, we find that a water drop
deposited on the raft will never coalesce with the water bath below. The raft prevents coalescence
through particle bridging and the water drop will float indefinitely. When we increase the drop
volume, its weight deforms the granular raft, which in turn deforms the drop. Finally, when we
decrease the drop volume the contact line gets pinned and the raft wrinkles like an elastic solid.

When a droplet is gently deposited on a bath of the same liquid, the drop will merge almost
immediately with the bath as the intermediate air film is rapidly evacuated when the drop’s weight
presses on it. This so-called coalescence process arises in many situations such as printing, the
formation of clouds, or emulsions and foams where it reduces their stability and must be prevented.
Coalescence can be delayed by adding surfactants in the liquid [1]. It can even be totally inhibited by
preventing the contact of the liquid bath with the drop, either by renewing constantly the intermediate
air film (when a flow is induced or when the liquid bath vibrates [2]) or by coating both interfaces
with colloidal particles to provide steric repulsion [3]. Here, using granular rafts to protect the drop
from the bath, we describe a simple system that completely suppresses coalescence and use the
resulting floating drop to probe the mechanical response of the raft.

We sprinkle large (d > 0.2 mm) and dense (ρp > 2.5 g cm−3) particles at an oil-water interface,
which spontaneously aggregate via capillary interactions into a compact monolayer that we call a

FIG. 1. Pictures of a water drop (dyed red) on a granular raft made of zirconium oxide par-
ticles at an oil-water interface (mean particle size d = 0.25 mm, density ρp = 3.8 g cm−3, and con-
tact angle θy = 140◦). The drop volume increases from left to right: V = 0.1, 1.0, and 2.0 mL.
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FIG. 2. The drop reaches its maximum size V = 3.2 mL. DOI: http://dx.doi.org/10.1103/
APS.DFD.2015.GFM.P0008

granular raft [4]. Using a syringe needle, we then place a small water drop on the raft. If the particles
are hydrophobic, coalescence with the water bath is inhibited indefinitely (Fig. 1, left, the water drop
is dyed red). Indeed, a complex interface is formed: Particles are wetted by the water bath below as
well as the water drop above and thus a stable oil layer is trapped in between the drop and the bath.
This phenomenon is called particle bridging and can be observed in Pickering emulsions [5]. Here
we present a macroscopic observation of this phenomenon.

When the drop volume is slowly increased by continuously injecting water with a capillary tube
(Fig. 1, middle and right), the drop’s weight pushes on the raft and induces very large deformations
of the interface. At large volumes, when gravity dominates surface tension, the drop adopts an
unusual shape: Its lower portion in contact with the raft is prolate and deeply immersed in water
while its bare upper surface is oblate (Fig. 2). We can also incrementally decrease the drop volume
by withdrawing water with the same capillary tube. In this case the drop does not go back to its
original shape: The contact line stays pinned and the portion of the raft in contact with the drop is
put under compression and starts to buckle. Finally, wrinkles appear in the azimuthal direction and
grow in amplitude as the drop volume decreases (Fig. 3).

FIG. 3. Liquid is withdrawn from the water drop. Its volume decreases from left to right: V = 1.8, 1.2, and
1.0 mL. DOI: http://dx.doi.org/10.1103/APS.DFD.2015.GFM.P0008
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