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Water-based formulations Drying stages Open time

HOW IT WORKS

The coating industry is facing an increase in environmental regulations, imposing a
substitution of toxic components and solvents. As a consequence, water-based coatings
are in constant growth, and the need of improving performances is ever-increasing.
However, these new formulations undergo new film formation processes that influence the
coating properties and need to be measured as thoroughly as possible. Thus, the
characterization of these innovative formulations is a key point to control.

INTRODUCTION

CurinScan Classic uses Nanoscale
Mobility Analysis (NMA) and
measures the particles' (polymers,
aggregates, pigments...) Brownian
motion, thanks to an optical method. 

During the film formation or curing process, the nanoscale mobility
of particles changes due to the material properties' evolution, for
example from liquid to solid.  

When a material (coating, film...) presents an important microscopic
dynamics activity (liquid-like), the structures present an important
Brownian motion directly correlated to the visco-elastic properties
of the material.
Thanks to a dedicated image analysis algorithm, it is possible to
determine a characteristic frequency, the Fluidity Factor (FF),
which directly correlates to the speckle image fluctuation on the
camera.

Figure 2 : Schematic representation of the Fluidity factor (FF)
evolution during typical drying/curing process versus time

When the sample is liquid (early times), it presents a high level of Fluidity
factor. This value will be decreasing over time during the drying/curing
process. 

PROTOCOL & METHOD

RESULTS

The drying kinetics of a latex dispersion is analyzed with the CurinScan
Classic. This sample, with a 100µm thickness, is applied at room
temperature and humidity (23°C & 50% RH) on a glass substrate. 

Figure 3 : Fluidity factor evolution versus time for a waterborne
paint

Figure 1 shows the Fluidity factor evolution versus time for a 100µm
thickness latex sample. 

Figure 1: Measurement concept
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 Monitor and know precisely the
curing and drying kinetics
Determine the characteristic times
of the film-forming process
Evaluate the impact of the
formulation,  thickness,  the substrate
on the drying kinetics…
Optimize the manufacturing protocol

For  water-based formulations, our in-situ,
non-invasive and handy solution allows

you to: 

CONCLUSION
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Table 1 : Characteristic times extracted from the Figure 3

Figure 4 : Idealized representation of the 4 basic stages of polymer
latex film formation

From this graph, four drying characteristic steps are identifiable,
noticed directly in Figure 3. 

Stage I: In this first stage, the Fluidity factor value decreases
sharply until tc1= 3min. Indeed, here the evaporation
phenomenon is dominant. Thus, particles are free to move and the
signal decreases as the concentration and viscosity increase. 

Stage II:  The kinetics is then characterized by a considerable
agitation until tc2=35min, due to the particles' reorganization and
chaotic phase.  Here, the particle ordering or packing balances
with the evaporation. Particles start to interact and reorganize to
form a close-packed array. 

Stage III: In this third part, the Fluidity factor value decreases
sharply until tc3=2h. The particle deformation takes place.
Indeed, the interstitial water leaves the coating and particles
deform giving rise to a large increase in the viscosity of the coating,
hence a large decrease in the signal.

Stage IV: The last part is characterized by interdiffusion. When
the system has the right properties (e.g. required Tg), the
boundaries between the particles disappear, leading to a uniform
film. formation.

The kinetics obtained from waterborne products always display a
profile in 4 stages corresponding to the 4 stages described in the
literature for latex film formation: 

From this graph, the characteristic times are also identifiable. Each of
them is associated with a specific thermodynamical transition. Table 1
details the 3 characteristic times obtained from figure 2. 

The technique allows us to identify the open time, the surface dry
time, and the dry-through time. 

CurinScan Classic gives unique and complete information on the film
formation steps, instantaneously, in objective and
representative conditions. 
. 

To reproduce at best realistic conditions, it's possible to analyze the
drying on a large range of substrates (glass, metal, plastic, wood,
concrete, etc), at the desired thickness. 


