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Using the surface forces apparatus, hydration lubrication between mica surfaces was characterized in 
multivalent ions solutions. Details analysis show the existence of two lubrication regimes which tribological 
properties are intimately related to the structure of the hydration layer. 
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1. Introduction 

Hydration lubrication (HL) is one of the few lubrication 
mechanisms that allows to achieve superlubricity 
between solid surfaces. HL is supported by surface 
hydration layers which exhibit high load-carrying 
capacity and retain a low shear resistance under high 
compression. Hydrated ions have been identified as 
exceptionally effective to promote HL due to their high 
hydration capacity, and their propensity to adsorb to most 
surfaces, especially those possessing ionisable surface 
groups such as mica, SiO2, Si3N4 or sapphire. Frictional 
dissipation during HL is believed to be related to the rapid 
exchange between surface-bonded hydration water and 
bulk water. This exchange is triggered by the overlapping 
of hydration shells of facing adsorbed ions during shear. 
This picture has been validated experimentally and via 
simulation. Most of the results reported so far on HL have 
used monovalent ions as model systems, and therefore 
little is known about the lubrication properties of 
multivalent ions. Only a handful of studies have shown 
that divalent ions (Mg2+ and Ca2+) at high concentrations 
(Cs ≥ 1 M) can firmly bound to mica surfaces, leading to 
strong short-range repulsive hydration forces, which are 
qualitatively similar to those measured with monovalent 
ions solutions. 
In this presentation we will discuss recently obtained 
results using the Surface Forces Apparatus describing the 
tribological and rheological properties of multivalent 
ions (La(NO3)3) solutions at four different salt 
concentrations. 

2. Methods 

2.1. Surface Forces Apparatus setup  
All experiments were conducted using a Surface 

Force Apparatus (SFA2000, SurForce LLC, USA). 
Surfaces were prepared following the previously reported 
standard procedure. 

2.2. Friction force measurements  
The friction force was measured by moving the lower 
surface horizontally and determined by measuring the 
response of the upper surface using semiconductive 
strain gauges. All friction measurements were performed 
by driving the lower surface back and forth at a motion 
amplitude of 30 µm and a sliding frequency of 5−500 
mHz (controlled by a function generator, corresponding 
to a sliding velocity of 0.3−30 µm/s) while continuously 

recording the FECO fringes every 0.5 s. 

2.3. Results  
Friction forces were measured at four different 
electrolyte concentration as shown in Figure 1.  

 
Figure 1: Friction force data showing the existence of two 

hydration lubrication regimes. 

3. Discussion 

Our results show that, contrarily to what was previously 
reported with monovalent ion solutions, two distinct HL 
regimes exist in trivalent ions solutions. The first regime 
corresponds to a “thick” HL regime were the lubricating 
film is 1 -2 nm thick and the coefficient of friction (COF) 
is quasi-independent of the salt concentration and can be 
as low as 10-4. This regime exhibits many similarities to 
previously reported HL of monovalent ions solutions. 
The second regime, called “thin” HL, is characterized by 
a much higher friction coefficient, on the order of 10-3 
and a higher sensitivity to salt concentration. In this 
regime, the COF decreases with the salt concentration, a 
phenomenon unknown in monovalent ion solutions. The 
transition between thick to thin HL is characterized by a 
thinning of the lubricating film from 2 nm down to 0.75 
nm and an increase in film viscosity of more than an order 
of magnitude, independently of the salt concentration. In 
the thick HL, regime, the friction force is highly 
dependent on the salt concentration, even when all other 
tribomechanical parameters are kept unchanged (applied 
load, sliding speed, film thickness). We explain this 
remarkable property by a change in the structure of the 
hydration layer, from hemispherical at low adsorbed ion 
concentration to almost planar at high ion concentrations. 
Altogether these results provide new insight into HL 
molecular mechanism and its relationship to ion structure 
and concentration. 
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