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Analysis of plasma-coated, wood-based substrates by scanning 

electron microscopy (SEM) 

 

Task 

Plasma-coated samples were analysed by scanning electron microscopy (SEM). By means of these 

measurements the layer thickness of the plasma coating in the nanometer range as well as the structure 

and/or morphology of the polymeric thin layer were examined. 

 

Materials 

The SEM measurements were carried out on the following materials (Table 1). 

 
Table 1: Materials 

Nr. Sample name Sample 

1 Nr.5 Birch plywood with APTES-layer 

2 Nr.13 Kraft paper with PFDTES-layer 

3 Nr.23 Birch plywood with PFDTES-layer 

4 Nr.26 Birch plywood with PFDTES-layer and silver nanoparticles 

5 Nr.30 Cardboard with DEAP/VEOS-layer 

6 Nr.33 WPC Standard with GLYMA-layer 

7 Reference cardboard untreated cardboard EE381 

8 Reference paper untreated kraft paper Natur 80g/m² 
APTES…………Aminopropyltriethoxysilane 
PFDTES………1H, 1H, 2H, 2H-Perfluorodecyltriethoxysilane 
DEAP/VEOS…50 W.-% Diethyl allyl phosphate + 50 W.-% Vinyltriethoxysilane 
GLYMA………..Glycidyl methacrylate 

 

   

Experimental 

Sample preparation 

From previous measurements by means of SEM it was already known that a plasma enhanced nanolayer on 

a wood-based material can be examined best with the help of a breaking edge on the sample. Therefore, 

the plywood and WPC samples were cut by a circular saw as shown below (Fig.1). 

For the SEM measurements, the samples were refracted in order to be able to detect the layer on the 

substrate more easily due to the generated breaking edge. The kraft paper and cardboard samples, 

however, were cut using a razor blade cutting from the back side of the plasma coating. A "kinking" of the 

paper or the cardboard to generate a sharp breaking edge was not possible due to the deformability of the 

materials. 
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Fig.1: Design for cutting the plywood and WPC samples 

 

Measurements by means of a Scanning Electron Microscope (SEM) 

The SEM measurements were carried out at the University of Innsbruck (MCT) using a JEOL Field Emission 

Scanning Electron Microscope JSM-7610F (Fig.2). For the analysis, the samples were fixed on a sample 

holder at 90° and 45° in order to analyse the cross section (see Fig.3, left). To prevent charges of the 

materials during the measurements, which could lead to disturbing drifts of the images and/or to illuminated 

areas, the plasma-coated samples were sputtered with a gold layer. Therefore, the sputtering machine Agar 

Sputter Coater from Edwards was used. The following pictures illustrate the gold-coated materials (Fig.3, 

right). The gold layer offered an approximate layer thickness of 10nm and did not affect the SEM 

measurements. 

Thereafter, the samples were first positioned in the transfer stage of the SEM and a pre-vacuum was 

applied. Then the samples were transferred to the measuring chamber, where afterwards the measurement 

was started. For the analysis of the layer several detectors were used, which differed inter alia by their 

depth of field and surface sensitivity. 
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Fig.2: Field Emission Scanning Electron Microscope JSM-7610F  
from JEOL (University of Innsbruck) 

 

  
Fig.3: Positioning of the plywood and WPC samples on the sample holder (left) and coated samples with a 
fine layer of gold after sputtering (right) 

 

Results 

Analysis by Scanning Electron Microscope (SEM) 

In the following, representative SEM images of the plasma-coated samples are shown. The plasma coating 

was detectable on the respective samples only in some cases, as for example on the plywood sample Nr.23 

with PFDTES coating (Fig.4). Here the layer thickness was determined to 237nm (Fig.5). 



 

Projekt ICAP – Innovation durch kombinierte Anwendungen von Plasmatechnologien; ITAT1010 4 

  
Fig.4: SEM images at the breaking edge of the plywood sample Nr.23 with PFDTES coating at a 
magnification of 30 times and a viewing angle of 45° (left) and of 90° (right) 

 

 
Fig.5: Determination of the coating thickness of the PFDTES layer on the  
plywood sample Nr.23 at a magnification of 15.000 times 

 

The layer could also be detected on the WPC sample Nr.33 with the adhesion promoter layer GLYMA (Fig.6). 

The high-magnification images primarily show an elastically/plastically deformed layer whose deformation 

occurred during the production of the breaking edge (Fig.7). Due to the deformation of the layer, however, 

no layer thickness determination was possible. 
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Fig.6: SEM images at the breaking edge of WPC sample Nr.33 with GLYMA-layer at a magnification of 30 
times at a viewing angle of 45° (left) and of 90° (right) 

 

  
Fig.7: SEM images of the GLYMA-layer on WPC sample No.33 at a magnification of 4.500 times (left) and a 

magnification of 15.000 times (right) 

 

In most cases, the layer was not clearly detectable and thus its thickness could not be determined, as in the 

case of the birch plywood sample Nr.5 with APTES-layer (Fig.8). The breaking edge of the sample was so 

strongly fissured that the layer was not explicitly determined and therefore a layer analysis was not feasible. 
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Fig.8: SEM images at the breaking edge of the plywood sample Nr.5 with APTES-coating at a magnification 
of 30 times and a viewing angle of 45° (left) and of 90° (right) 

 

This was also the case for birch plywood sample Nr.26 with PFDTES layer and silver nanoparticles. 

Therefore, in a further experiment, the sample was cut with a razor blade to obtain a sharp edge, which was 

then examined in the SEM. The sharp cut is clearly visible in the images (Fig.9). However, a clear detection 

of the plasma coating was not possible, as shown in Fig.10 (left image) at a magnification of 1.000 times. 
 

  
Fig.9: SEM images at the cutting edge of the plywood sample Nr.26 with PFDTES-coating at a magnification 

of 30 times and a viewing angle of 45° (left) and of 90° (right) 

 

At a magnification of 40.000 times, small and bright beads respectively droplets were detected on the 

surface of the sample (Fig.10, right image). Due to their dense and homogeneous distribution, it was 

supposed that these beads were finest gold droplets from the sputtering process. Surface energy differences 
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between the gold particles and the "superhydrophobic" PFDTES layer could have caused this spherical 

droplet shape. 
 

  
Fig.10: SEM image at the cutting edge of the plywood sample Nr.26 with PFDTES-layer at a magnification of 
1.000 times and a viewing angle of 45° (left); SEM image of the same sample at a magnification of 40.000 

times with detection of small and bright droplets on the surface 

 

No meaningful layer analysis and determination of layer thickness could be carried out with kraft paper 

sample Nr.13 with PFDTES coating. In addition, a direct comparison of the coated paper sample with an 

untreated reference paper positioned side by side on the sample holder was made. On closer inspection at a 

magnification of 1.000 times, the fiber surface of the paper appeared softer due to the applied plasma 

coating than the uncoated reference sample (Fig.11). However, even with a higher resolution and a 

magnification of 4.000 times, no significant differences in layer structure and morphology were found. 
 

  
Fig.11: SEM images of the surface of kraft paper sample Nr.13 with PFDTES-layer (left) and the surface of 

the uncoated reference paper (right) at 15° and a magnification of 1.000 times 
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Comparable results were found for cardboard sample Nr.30 with the DEAP/VEOS flame retardant layer. In 

this case, no clear differences in the sample surfaces were found between the DEAP/VEOS coated cardboard 

and the uncoated reference sample. The plasma coating could not be detected (Fig.12 and Fig.13). 
 

  
Fig.12: SEM images at the cutting edge of cardboard sample Nr.30 with DEAP/VEOS coating at a 
magnification of 30 times (left) and 20.000 times (right) at 45°  

 

  
Fig.13: SEM images of the surface of the cardboard sample Nr.30 with DEAP/VEOS coating (left) and the 

surface of the uncoated cardboard (right) at 45° and magnification of 6.000 times 

 

In addition to the SEM images, a material analysis was performed on the birch plywood sample Nr.26 with 

PFDTES-layer with the aim of determining the “penetration depth” of the plasma coating. Therefore, a 

representative point on the sample was selected (Fig.14, left) and the "mapping" was performed by means 

of energy-dispersive X-ray spectroscopy (EDX). The detection focus was set on the distribution of the 
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elements carbon, silicon and fluorine, because silicon and fluorine were exclusively components of the 

plasma coating. 
 

 
Fig.14: Selected image section for the material analysis of the birch plywood sample Nr.26 with PFDTES 
layer (left) and graphic representation of the element analysis by means of EDX (right) 

 

The analysis of the selected image section showed a distribution of the elements carbon: silicon: fluorine of 

88%: 6%: 7%. The graphical evaluation also showed that silicon and fluorine, which derived from the 

plasma coating, percolated the birch plywood sample at least to a depth of 400 μm (Fig.14, right). 

 

Conclusion 

Scanning electron microscopy (SEM) was used to analyse the plasma-coated plywood, kraft paper, 

cardboard and WPC samples in order to obtain information about the layer thickness and morphology of the 

different nanolayers. However, in most measurements the plasma coating was not detectable. An exception 

was the plywood sample with a coating based on perfluorodecyltriethoxysilane (PFDTES) - the layer could be 

detected and the layer thickness was determined to 237nm. In addition, on the WPC sample with applied 

adhesion promoter layer based on glycidyl methacrylate (GLYMA), the layer was located due to its 

elastical/plastical deformation in the region of the breaking edge. In most cases, the layer was not clearly 

detectable on the respective substrates, as the breaking edges were too fissured. An alternative sample 

preparation with a sharp cutting edge did not lead to any significant improvement. Finally, a material 

analysis of the plywood sample with PFDTES layer was carried out by means of energy-dispersive X-ray 

spectroscopy with the aim of determining the “penetration depth” of the plasma components. The evaluation 

of the analysis showed that the elements silicon and fluorine penetrated into the plywood sample at least to 

a depth of 400μm and presumably even further. 


