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Introduction 

When considering a biphasic flow (typically water/oil) on heterogeneous surfaces, one expect that the 

contact line could be pinned by the surface heterogeneities and that one phase could be trapped on 

these heterogeneities, forming droplets or capillary bridges [1, 2]. In this contribution, we address the 

question of the morphologies of the phases on a controlled patterned surface, as a function of the 

geometry of the pattern, and of the velocity of the flow. Indeed, it is expected that capillary trapping 

and contact line pinning disappear at high capillary numbers, for which viscous forces dominate 

surfaces forces.  

Method 

 

 

Figure 1 : Left. Schematics of the technique employed to pattern the glass surface. Metallic layers (Cr and Au) 

are evaporated onto a clean glass substrate. Then a photoresist resin is spin-coated on these layers, and insolated 

through a mask. After development of the resin, the metallic layers are etched. The glass is silanized 

(trichloro(1H,1H,2H,2H-perfluorooctyl)silane) on the unprotected areas. A final etching of the residual metallic 

parts allows to recover the initial glass surface. Right : AFM images (tapping mode) of the edge of an hydrophic 

pattern. The phase image (top) shows a great difference in the tip-surface interaction, whereas the height image 

(bottom) reveal that the surface topopraphy is unaffected by the coating.  
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Using photolithography combined with controlled grafting of a glass substrate, we are able to make 

surfaces that are topographically homogeneous, but chemically heterogeneous (see Figure 1 for details 

of the technique employed to create the patterning and surface characterization). 

In this study we focused on parallel stripes of hydrophobic coating on a hydrophilic surface (clean 

glass). These stripes are designed in a Hele-Shaw cell of dimensions 2.2*7.2 cm. Both plates are 

patterned, the stripes facing each other and being perpendicular to the flow direction. The ratio of the 

pattern width to the cell thickness is varied between 0.1 and 10. The cell is filled with silicone oil 

(47V20). Then, a water/glycerol mixture of similar viscosity (21 mPa.s) is used to drain this oil with 

an imposed flow rate using a push-syringe. The interfacial tension is 24mN/m and the contact angles 

of the water/glycerol mixture in silicone oil on the hydrophilic and hydrophobic areas are 98° and 

145° respectively. The aqueous phase is colored to help to distinguish it from the oil phase.  

Results and discussion 

At low capillary numbers (Ca < 10
-4
), the interface always align with the stripe when arriving in its 

vicinity. When the aqueous phase reaches the hydrophilic area in one point, it invades it with a radial 

flow from this particular point (see figure 2c). Oil capillary bridges remains on the stripes on both 

sides of this point only when the width of the stripe is greater than the cell thickness. At high capillary 

numbers (Ca>10
-2
), the movement of the water/oil interface is not perturbed by the hydrophobic 

stripes. Between these two extreme regimes, the interface is disturbed by the stripe, without any oil 

trapping (see Fig 2a). The capillary numbers that correspond to these regimes are constant whatever 

the cell thickness and the stripe width are.    

a)  

b)  

c)  

Figure 2. Left : Examples of top view of the meniscus between the colored aqueous phase (dark gray) and the 

oil phase (light gray) that is advancing inside the Hele-Shaw cell of thickness 100µm. On the side of the cell, 

the black patterns are residual metallic layers that allow locating hydrophobic and hydrophilic areas of the 

surface. They are next to the hydrophilic areas. The width to thickness ratio of the hydrophobic stripe is 0.5 and 

5 for the top image and the bottom one, respectively, and the capillary numbers are Ca=10
-3
 and  Ca=2.10

-5
, 

respectively.
 
 Right : successive interface position (same conditions as bottom left). The traces correspond to 

successive images separated by 1s.   
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By minimizing the surface free energy of the system we determine equilibrium morphologies and 

shows that capillary bridge are stable as soon as the width to thickness ratio is greater than a number α 

that is on the order of unity and only depends on the contact angles in the hydrophilic and in the 

hydrophobic zone. For the system considered experimentally, this value is about 1.5, which is 

consistent with the observation that capillary oil trapped in capillary bridge is only observed with a 

ratio above 2.  

 

Even though the interface movement is independent of the stripes at high capillary numbers, we 

observe in this regime the formation of oil droplets on the hydrophobic stripes, after that the interface 

has moved through the stripe. This issue might be explained by the destabilization of an oil film above 

the Landau-Levitch wetting transition. 
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