FLUIDICAM RHEO

INTRODUCTION
PTFE or fluoropolymer coatings are applied to surfaces to provide low friction, hydrophobic or
resistant to corrosion. These coatings are used in a wide range of sectors such as food
processing, injection molding, pipelines and cookware.
PTFE coatings are applied to a surface using a spray gun to give a thin even film. When the
PTFE liquid is sprayed, the shear rate applied is extremely high. This application note
describes how FLUIDICAMRHEO can be used to quickly and effectively analyze PTFE coating
formulations at high shear rates and at different temperatures to mimic real-life conditions.
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Reminder on the technique
FLUIDICAM Rheo uses a co-flow microfluidic principle to measure
viscosity. The sample and a reference solution are simultaneously
introduced into the microfluidic channel (typically 2.2mm X
150μm) with controlled flow rates. This results in a laminar flow
where the interface position between sample and reference
relates the viscosity ratio and flow rates.

Method
RHEO

FLUIDICAM
was used to analyze PTFE solutions S1, S2 and S3
over a shear rate range of 5000 - 80000 s -1 at 20, 40 and 60°C
using the 50μm chip.
S1 was also analyzed between 100 - 10 000 s-1 using a 150μm chip
at 20°C. Coating formulations A and B, that are based on S1 and
S3, were analyzed over a range of shear rates from 100 to 10 000 s -1
using the 150μm chip and from 5 000-100 000 s -1 using the 50μm
chip. S1 was compared to formulation A at 20°C and formulations
A and B were compared.
Fig. 1: Fluidicam measuring principle

Images acquired during the measurement allow to calculate the
position of the interface and plot directly an interactive flow curve.
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Viscosity measurements of PTFE Solutions
The viscosity of 3 different PTFE solutions S1-S3 was compared at
different temperatures. The solutions were Newtonian at 20°C
and 40°C however, they showed slight shear thinning behavior at
60°C. The data is displayed in the bar chart belowl

FLUIDICAM RHEO
This shows that it is important to measure the formulations at the
shear rate of interest. Both formulations are stable at high shear
rates

PTFE solution versus full formulation

Fig 2. Bar chart showing viscosity for PTFE solutions at different temperatures.

As expected, the viscosity decreases for each solution when the
temperature was increased. S2 and S3 have viscosity values that
are close for each temperature with S3 being slightly lower.
However, S1 has a viscosity that is noticeably higher for each
temperature. The viscosity measurement for each solution at all
3 temperatures took less than 15 minutes, there is no resampling needed between temperatures which makes it very
quick

S1 was compared to formulation A for a better understanding of
the effect of components on the viscosity. At low shear rates, it
could appear that formulation A is more viscous but at higher
shear rate it becomes clear that it also shows stronger shear
thinning behavior compared to PTFE solution S1. The added
components in the formulation change the rheology of the PTFE
solution. This shows how important it is to measure viscosity at
shear rates that correspond to formulation use conditions and in
this case above 1000 s -1.

Viscosity measurements of Sprayable
PTFE formulations
Figure 3 shows the flow curves of 2 different coating
formulations, A and B. To have a global idea of how the coating
behaves a large range of shear rates was applied.

Fig. 4: Flow curves for sample A and formulation A at 20°C

CONCLUSION

Fig. 3: Flow curves for Formulations A and B at 20°C

Formulation A shows a high amount of shear thinning behavior
in contrast to formulation B. At low shear rate A is 4 times more
viscous than B, at high shear rates A is only 2 times more
viscous. This shows that it is important to measure the
formulations at the shear rate of interest. Both formulations are
stable at high shear rates

PTFE solution versus full formulation
Formulation A shows a high amount of shear thinning behavior
in contrast to formulation B. At low shear rate A is 4 times more
viscous than B, at high shear rates A is only 2 times more
viscous.
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FLUIDICAMRHEO is a powerful tool for
analysis of coatings at high shear rates, this
simulates the conditions when the coating
is sprayed onto the surface. It gives
essential information to help formulators
tailor to their specific needs. No resampling is needed between different
temperatures. Viscosity is measured in the
working shear rate conditions which avoids
extrapolation from low shear rates.

