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The evolution of a capillary liquid bridge between two spherical solid particles due to evaporation is studied 
experimentally. Volatile liquids present in the confined regions between two solid surfaces in contact lead to effects like 
shrinkage, cracking etc. These effects can be understood through a study on the liquid bridge at an individual inter-asperity 
region. We present the study on the effect of the solid surface energy, surface curvature and solid thermal conductivity on 
the geometry and the capillary forces associated with liquid bridge due to evaporation. A capacitive-based force sensor is 
used to measure the capillary forces.  

 

Keywords: Liquid Bridge, Evaporation, Meridional Radius, Capillary Force 

 

1. Introduction 

 Liquid, either preexisting or formed due to capillary 
condensation, present in the confined regions formed 
between two solids in contact results in capillary forces. 
These capillary forces significantly influence the 
adhesive forces between the two solids in contact or close 
to each other like the AFM tip and the substrate [1]. These 
forces are governed by the dynamics at the three-phase 
contact line. Evaporation of this liquid results in transient 
changes in these capillary forces, which leads to effects 
like shrinkage and cracking. These effects are important 
in porous media such as soil surfaces, ceramic products 
etc.  [2]. On the other hand, the evaporation process is 
influenced by heat and mass transfer across all the three 
interfaces. This problem is thus governed by multiple 
phenomena which makes it important in different areas 
as mentioned above. A better understanding of it can be 
obtained through a study on the liquid trapped at inter-
asperity level, referred as liquid bridge. We present the 
study on the effect of solid surface energy, surface 
curvature and solid thermal conductivity on the evolution 
of a capillary liquid bridge between two spherical 
particles due to evaporation.    

2. Methods 

2.1. Experimental Details 

The surface energy of the solid particles is tailored by a 
chemical treatment, where a single molecular layer called 
as self-assembled monolayer is formed on the solid 
substrate. This allows us to study the effect of a range of 
contact angles with the same base substrate.  Goniometer 
(Data Physics OCA 30) camera is used to visualize the 
liquid bridge. The capillary forces on the solid particles 
are measured by using a capacitance-based force sensor 
(resolution of ̴ 1µN).    

2.2. Results  
Preliminary experiments are carried out with steel and 
Teflon balls (each of 5mm diameter) at a relative 
humidity of 76%. DI water is the liquid. These balls were 
selected due to significant difference in their thermal 
conductivity, which lead to faster evaporation of the 
liquid bridge with Steel (31.25 min) compared to Teflon 
(40 min). Teflon, being hydrophobic, results in higher 
initial contact angle (96.56˚) compared to steel (47.2˚) 

Figs. 1(a), 1(b). In case of steel, the Meridional radius 
(Rm) (represented in inset of Fig. 2) continuously reduces 
during the evaporation and becomes nearly constant at 
the final stages (Fig. 2). However, in case of Teflon, Rm 
increase till a maximum and then undergoes transition to 
concave meniscus (Fig. 2). Thereafter, it follows the 
similar trend as steel.  
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

3. Discussion  

From the preliminary experiments, it is understood that 
the thermal conductivity of the solid substrate governs 
the overall evaporation time. However, the 
interdependence of the variation of geometrical 
parameters like Rm and the contact line dynamics i.e., the 
transient variation of contact radius and contact angle is 
not yet understood. Further work must be done by 
measuring the capillary forces and analyze the effect of 
surface energy and surface curvature on the transient 
variation of the geometry and the capillary forces. 
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Figure 1: Images of Evaporating Liquid Bridge (volume=5 µL) at 
different times (a) Between Steel balls at a separation of 0.57 mm (b) 
Between Teflon balls at a separation of 0.57 mm  

0 min 15 min 26.25 min 0 min 17.5 min 37.75 min 
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Figure 2: Variation of Meridional Radius (Rm) (represented in inset) 
with time (Sign Convention: Convex-positive; Concave- negative) 
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