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INTRODUCTION
Historically, the powder coating process (US Patent 2538562) puts a coating on an item
electrostatically, which is then cured by heat. Nowadays, the powder coatings market is
knowing an important growth and the process is widely used in the various industries [1].
This development is due to several reasons :
The finish is harder and tougher than conventional paint and guarantee a very good
chemical resistance.
The industries looking for eco-friendly and sustainable systems, will stumble inevitably
over powder coatings
On the other hand, the nature of the powder coatings guides the special properties the
formulator needs to keep in mind is to avoid defects like orange peel effects [2].
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The main opportunities and study subjects on the powder
coatings market where the CurinScan helps to determine and
optimize are presented below:
Curing temperature & low-Baking: challenges to develop
low energy curing formulations
Green credentials: ingredients choice to comply with
environment legislations and their impact on the curing
process
Performance enhancements & gloss: new formulation to
optimize the coating proprieties
Optimization of the gel time: follow the curing kinetics
Figure 1: Micro-dynamics function of temperature for a powder coating

HOW IT WORKS
See attached CurinScan Technical Note

RESULTAS
I- Detection of characteristic temperatures:
Determination of the optimal curing
temperature

To verify the physical correspondence of the different pics (fig. 1), a
visual inspection was done after different curing temperature (fig. 2).
If the curing temperature is less than the decomposition temperature
(200°C for example), the coating will form a smooth white film. But if
the curing temperature is 250°C, the coating formed will be unsmooth
and brown (fig. 2).
Thus, from the microscopic dynamics (mD) versus temperature (fig. 1),
it’s possible to determine the optimal curing temperature.

The figure 1 shows the microscopic dynamics (mD) versus
temperature. The sample is a 400μm thick white powder coating
heated from RT to 250°C. The graph shows a clear identification
the different curing steps. .
Then, around 80°C, the pic corresponds to the coalescence of the film.
Starting from 125°C, the thermal energy allows the curing and the
creation of the three dimensions thermoset network. Then, after the
curing and the film formation, an expected pic appears around 250°C.
This dynamics increase is due to the polymer decomposition.

Figure 2: Visual inspection after different curing temperature
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II- Detection of characteristic curing time &
Influence of the temperature on the curing
process
To go further and fine tune the results presented previously, the
instrument allows to study the microscopic mobility versus time at
fixe temperature. The figure 3 shows the microscopic dynamics
(mD) versus time for the same white powder coating presented at
the section 1 at 125°C and 400μm thick. The inset is a zoom on
the first 5 minutes.

T

Curing Time

125°C

4h

200°C

1h

250°C

N/A

Table 1: Curing times at different temperatures

WThe inset of the figure 4 allows to focus on the early stages (the first 5
minutes) of the curing. For the different curing temperatures, the
mechanisms observed are qualitatively the same. Firstly, the microscopic
mobility increases because of the polymer melting (for the first ≈10s).
Then, when the polymer is melted, the curing starts, the three dimensions
thermoset network forms and the microscopic mobility decreases.

Figure 3: Micro-dynamics function of time for a powder coating at 125°C

When the sample is put at 125°C, the microscopic mobility
increases (during ≈10s, inset fig. 5) because of the polymer melting.
Then, when the polymer is melted, the curing starts, the three
dimensions thermoset network forms and the microscopic
mobility decreases.
For this sample at 125°C, the microscopic mobility (mD) decrease
and reach a plateau after around 4h. Thus, the mobility reached is
steady state at this moment and the sample is cured after 4h.
To go deeper, the figure 4 shows the microscopic dynamics (mD)
versus time for curithe same sample and same thickness, but at 3
different temperatures. The inset is a zoom on the first 5
minutes.

The interesting discrimination is detected later in the experiments at
longer times (fig. 4). At 125°C the curing takes around 4h for this sample
(blue curve). If the curing temperature is increased to 200°C, the green
curve takes around 1h to reach the same plateau level. So, by increasing
the temperature from 125°C to 200°C, we can reduce the curing time
from 4h to 1h, thus multiply by four the manufacturing cadence.
On the other hand, if the curing temperature increase continue (to 250°C,
red curve fig. 4), the sample presents an expected increase of the mobility
after 30 minutes. This is due to the polymer decomposition at this
temperature, which confirm the result observed section 1.
➔ This solution allows the formulators to optimize the curing protocol .

III- Detection of characteristic curing time &
Influence of the formulaction on the curing
process
The figure 5 shows the microscopic dynamics (mD) versus time for 4
different powder coating formulations : Epoxy resin, Polyurethane
resin, Polyester resin and Hybrid*.
All the samples are applied at the same thickness (400μm) and analyzed
at the same temperature (200°C).

Figure 6: Micro-dynamics function of time for a powder coating at different
temperature

*Hybrid: Epoxy resin, Polyester resin, Acrylic resin & Urethane
resin
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Figure 5: Micro-dynamics function of time of different powder coating
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When the samples cure at 200°C, the microscopic mobility
increases during the early stages because of the polymer melting.
Then, when the polymer is completely melted, the curing starts, the
three dimensions thermoset network forms and the microscopic
mobility decreases.

The graph shows a clear difference between the different samples
and the sensitivity of the technique. The instrument allows to
distinguish the curing kinetics differences between different
formulations (different polymers or different additives).
The software also allows a smart way to rank the curing kinetics of
different samples (or different curing temperatures, different
polymers, different substates, different formulations…).

CONCLUSION
We offer a new in-situ, non-invasive and
handy method to better understand your
different materials, allowing to:
Monitor and know precisely the curing and
drying kinetics
Determine the characteristic times of the
film forming process
Analyse from room temperature up to 250°C
with humidity control
Evaluate the impact of the formulation,and
time and temperature parameters on the
formation of materials
Optimize the manufacturing protocol
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Figure 6: Micro-dynamics function of time of different powder coating

The figure 6 shows the microscopic dynamics evolution (mDE)
versus time for the 4 different powder coating formulations. It
allows to easily rank the curing kinetics of the different
formulation. The faster the microscopic dynamics evolution
(mDE) increases the faster is the curing.
The software gives also a quantitative information corresponding
to the time ‘t90’ (in the red boxes, inset fig. 8) where the sample
microscopic mobility is reduced by 90%.
For these materials, the ‘t90’ is very close to the end of the
melting time (and the start of the curing) because of the
important change of the mobility at the end of the coalescence.
➔ This solution allows the formulators to compare, rank and
screen different formulations
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