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Abstract: The submicron changes of the morphological properties of the surface can provide one of the earliest indications 
of the degradation of the material due exposition to a certain media. Atomic force microscopy, as the tool delivering 3D 
quantitative imaging of the surface with ultimate resolution, is successfully utilized in the detection of the materials 
degradation. Yet, a several issues such as the materials non-homogeneity and the presence of the morphological artifacts must 
be taken into account in terms of the reliability of obtained data, while their presence in the scanned area may cause a 
significant deviation of the measurement outcome from the values being representative to the condition of the investigated 
material. In this paper the approach based on the precise sample positioning at each stage of the verification of the deterioration 
progress is presented. This novel method allows to acquire the information with unique sensitivity and high degree of 
confidence. Moreover, the observation of the morphology changes at several spots with high receptivity enables determination 
of the homogeneity of the deterioration, which may play essential role in case of investigation of behavior of complex 
materials (containing additives or fillers), in particular nanomaterials. A set of experimental results acquired on the 
polycarbonate and polyethylene samples is here presented, revealing the efficiency of presented approach and its advantages 
over the commonly applied methods. 

Keywords: Atomic Force Microscopy, Materials Degradation, Degradation Profiles, Precise Positioning, Materials Science, 
Measurement Repeatability 

 

1. Introduction 

Since its development [1, 2], atomic force microscopy 
became very popular measurement method, providing a wide 
range of micron and submicron- scale diagnostics of the 
surface. The basic and the most popular way of the AFM 
utilization is the surface imaging. As obtained topography 
maps provide 3D quantitative imaging, the variety of 
roughness parameters can be calculated, allowing to compare 
in perceptible fashion the measurements results. This particular 
advantage was utilized number times in the investigation of the 
surface deterioration due to exposition to a certain media. The 
impact of the UV light [3-7], simulated solar radiation [8], 
high voltage [9], complex environmental conditions [10] 

increased temperature [11, 12] and others [13-15] was 
investigated, allowing to observe the topography changes 
indicating the intensity of the materials response. Also the 
changes of the mechanical properties at nanoscale were 
reported as the result of the environmental conditions [3, 7] or 
local, nanoscale wear [16]. It should be emphasized, that the 
issue of the mechanical non-homogeneity must be also 
carefully analyzed, in particular while the sample is used as the 
stiffness/ Young modulus reference material [17] or the 
adhesion phenomena is investigated [18]. The observation of 
the changes of the material’s properties requires certain 
approach, which should provide the reliability of the data. One 
can notice that the common practice is the assumption that 
micrometer scale measurements acquired in various areas of 
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the sample will be representative for whole specimen. 
Therefore in many works, single or very few measurements 
were used to calculate the roughness changes [5, 8, 10-13]. 
Among few works investigating the degradation process, and 
showing the gradual roughness changes, one could notice 
rather monotonic behavior, visible as the increase of Sa or Sq 
parameters [13, 19-20]. Some works, however, reported much 
more complex degradation phenomena [6, 10, 21]. Such a 
results indicate the need of the high resolution technique, 
allowing to rule out any measurement issues. Therefore one 
should be skeptical about single result-based data reliability, as 
the materials submicron non-homogeneity must be taken into 
account. Even in case of the surface that one can consider as 
highly homogenous and showing no signs of the materials 
processing traces (moulding form imprint) or the distinct 
composite features, the surface roughness parameters may vary 
within of range of magnitude, which makes further analysis 
very complex. Therefore following data processing, relaying 
on data collected in such a fashion, may be confusing. The 

increase of the number of measurements may improve the 
reliability of the analysis; however it may not completely solve 
an issue, as the distribution of obtained data can still limit the 
changes detection resolution [6, 8, 22]. Moreover, the time 
consumption in order to perform a large number of 
measurements may make the experiment inconvenient. In 
addition, once the non-homogenous samples are considered, 
the issue becomes more complicated, as the surface may reveal 
a significant dispersion of the roughness parameters caused by 
the presence of varying density of the fillers. In such a case, it 
is difficult to compare the morphology changes if the 
measurement results are spatially incoherent (in other words – 
made at randomly chosen coordinates). In order to solve this 
problem, the method of acquisition of set of scans at certain 
spots of the sample at each cycle of the sample exposition to 
the certain media was proposed (figure 1) [15, 19-21]. As the 
result, the roughness comparison refers to this same area 
providing the most reliable information. 

 

Figure 1. The idea of the utilization of continuous observation of the roughness changes of selected set of areas while the cyclic exposition to media is 

performed. 

In order to demonstrate the advantages of described 
approach, the set of measurement results is here presented, 
acquired for three samples: polycarbonate, polyethylene and 
polyethylene with nanofillers, exposed in cyclic mode to UV 
light. The presence of the nanofillers allowed to obtain clear 
spatial non-homogenous response of the surfaces, which 
enabled an obvious indication of the superior outcome of 
presented method. In addition, analysis of the results 
variations is presented for hypothetical situation of random 
data analysis. According to obtained data, the detection 
sensitivity of the material’s morphology changes is very high, 
providing outstanding level of confidence in the data 
processing. Described method enables the creation of the 
degradation profiles, revealing the whole process of the 
morphology changes, at each step of the exposition to 
utilized media. Moreover, by scanning several areas, one can 
analyze the homogeneity of the surface deterioration, by 
comparing the degradation profiles. 

2. Experimental Procedure 

The set of samples: polycarbonate, low density 
polyethylene (LLDPE – DFDA 7540 from Dow Chemical 
Company) with UV-stabilizer (UV 6014 LD from Polyplast 
Muller) in amount of 5 wt. % and low density polyethylene 
with the addition of montmorillonite (MMT) (Cloisite 15A 
from Southern Clay) and the soot filler were prepared using 

press-moulded technique. The measurements were performed 
with DI3000 AFM system equipped with 100 µm × 100 µm 
scanner. Tapping Mode was used in order to minimize the 
risk of the surface modification by the scanning tip, as 
compared to contact mode, the tip-sample force is 
significantly lower. The measurements were performed in air, 
at room temperature approximately 25°C and relative 
humidity 35%. The Nanosensors Pointprobes were used 
(nominal tip radius rtip = 10 nm, resonance frequency range 
fres = 306–353 kHz, and spring constant k = 43–68 N m−1). 
The scanning resolution was 512 x 512 points. The data was 
processed using SPIP software from Image Metrology 
company [23]. Root mean square roughness (Sq) was 
determined for each acquired image and used for the 
deterioration profiles preparation. In addition, 200 
measurements of PE/MMT sample before the UV exposition 
were also performed in order to investigate the specimen’s 
roughness distribution. It allowed to demonstrate the possible 
range of the values that should be taken into account in terms 
of the degradation analysis without the precise positioning. 

The samples were put into cyclic experimental procedure: 
first the series of scans at chosen locations were performed, 
and then the samples were exposed to the UV radiation (370 
nm evanescent lamp, at the illuminance approx. 80 lux) and 
scanned again at those same locations. The process was 
repeated until eight exposition procedures after the initial scan 
revealing the t   = 0 h state. The examples of obtained results 
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are shown in figure 2. The variety of the surfaces is clearly 
visible, and its impact on the roughness parameter is obvious. 

 

 

 

 

Figure 2. The examples of the polyethylene/MMT surface AFM scans 

illustrating the morphology diversity within single sample. 

Each set of data related to certain spot was used to create a 
single degradation profile. As each sample was scanned in 
seven areas, it was possible to create the group of profiles, 
revealing specific response of the material to the radiation. 

3. Experimental Result 

Obtained degradation profiles of investigated materials are 
shown in figures 3 - 5. One can easily notice the different 
responses of the specimens to UV light exposition. Some of 
the features of the roughness changes appear in all set of 
curves, however it is possible to find the key differences 
between the polycarbonate and polyethylene. In case of the 
polycarbonate sample, the homogeneity of the material is 
very high, as all the profiles are coherent. The presence of the 
initial roughness distribution Sq is between 60 nm and 80 nm. 
One can assume, that larger amount of the measurement 
would reveal larger distribution of this parameter. Therefore 
it can be concluded that without precise positioning and 
creating the individual profiles for each area, it would be 
impossible to follow the roughness changes with such a 
sensitivity. It has to be underlined, that the acquisition of a 
series of profiles of such a coherence allows to confirm with 
high degree of confidence the accuracy of obtained results. 
Even fine roughness changes of the material are detected 
with high sensitivity, which wouldn’t be obtained using 
standard approach basing on calculation of average value and 
the results dispersion. In order to avoid the impact of the 
probe’s wear, its condition must be continuously monitored 
using the reference sample. In presented experiment, the 
roughness of reference sample maintained at that same level 
during whole measurement procedure, confirming good 
condition of the scanning tip. 

 

Figure 3. The set of degradation profiles acquired for the polycarbonate 

sample. 

There are similarities between the roughness profiles of 
two polyethylene samples, in particular at the initial stages of 
the degradation, however the impact of the nanofillers (figure 
5) is very clear after 80 hours of exposition. The surface 
morphology changes show increasing differences between 
the profiles due to the non-homogeneities of the material. 
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Figure 4. The set of degradation profiles acquired for the polyethylene 

sample. 

 

Figure 5. The set of degradation profiles acquired for the polyethylene/MMT 

/soot sample. 

In addition to presented profiles, the distribution of the 
roughness parameter Sq acquired on the polyethylene 200 
samples is presented in figure 6. The range of roughness 
values that one could acquire on investigated sample is 
relatively large. Therefore, as previously mentioned, 
observation of the roughness changes performed without 
specific areas trace, could deliver the data with a significant 
dispersion, making impossible the preparation of the 
degradation profile with presented here sensitivity. 

 

Figure 6. The set of degradation profiles acquired for the polyethylene/MMT 

/soot sample. 

In order to improve the visibility of the degradation 
profiles coherence/ incoherence, the initial roughness offsets 
were removed. Obtained data is presented in figures 7-9. 

 

Figure 7. The set of degradation profiles acquired for the polycarbonate 

sample after the initial roughness offset removal. 

9  

Figure 8. The set of degradation profiles acquired for the polyethylene 

sample after the initial roughness offset removal. 

 

Figure 9. The set of degradation profiles acquired for the polyethylene/MMT 

/soot sample after the initial roughness offset removal. 

The homogeneity of the degradation of the polycarbonate 
sample is very high, however after 100 hours of the exposition, 
the differences became clearly more significant. On the other 
hand, in case of the polyethylene, the roughness differences 
appear at early stage of the degradation, and then slightly 
increase. For polyethylene/MMT sample, only very early stage 
of the degradation reveals coherence between the profiles, 
while further process shows increasing diversity of roughness 
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changes trends. The analysis of acquired data may also provide 
the quantitative measure of the homogeneity of the material. 
This particular information can be useful in terms of the 
evaluation of the development process of the nanomaterials, as 
it may allow to determine the nanofillers dispersion quality. 

In addition, in order to demonstrate the usability of 
demonstrated measurement approach and to show how the 
randomly collected result may lead to false conclusions, the 
acquired results were modified by mixing the certain values 
between the profiles. Obtained graphs clearly show the way 
the subtle roughness changes could be lost, if no specific 
areas tracing was implemented. For polycarbonate the 
degradation between 20th and 80th hour is inconclusive, and in 
other areas the distribution of the changes steepness is also 
significantly larger than in figure 7. 

 

Figure 10. The set of degradation profiles acquired for the polycarbonate 

sample after the replacement of specific measurement points between curves. 

For polyethylene (figure 11) similar conclusions can be 
drawn. The diversity of the degradation dynamics at initial 
stage is less informative than in figure 8. On the other hand, 
the profiles shown in figure 12 look like revealing specific 
trends in much more coherent way than in figure 9. This 
example proves, that it is possible to obtain by accident a series 
of the profiles that will resemble the appearance of relatively 
high homogeneity of the materials. This case, again, shows the 
importance of the idea of precise positioning and tracing the 
roughness changes at certain spots, as one expects the high 
confidence and resolution of acquired data. 

 

Figure 11. The set of degradation profiles acquired for the polyethylene 

sample after the replacement of specific measurement points between curves. 

 

Figure 12. The set of degradation profiles acquired for the 

polyethylene/MMT /soot sample after the replacement of specific 

measurement points between curves. 

5. Summary and Outlook 

In this work the method solving potential weaknesses of 
specific AFM surface degradation measurement is presented. 
By showing the way the polycarbonate and polyethylene 
samples responded to the UV-light exposition in specifically 
selected micrometer-size areas, it was possible to acquire the 
unique set of data providing the roughness calculation at each 
step of the exposition process. Demonstrated precise 
positioning of the sample in terms of the continuous tracing 
of the roughness changes at specific areas of the surface 
allows to create the degradation profiles, which by revealing 
a certain level of coherence provide significantly higher 
detection resolution than methods basing on statistical 
analysis. Moreover, the set of profiles revealing that same 
behavior, allows to confirm the accuracy of obtained data 
with very high degree of confidence. It is unlikely that such a 
result might be acquired by the accident, if the certain 
precautions are taken, such a scanning tip quality monitoring. 
Obtained detection resolution can be used for the 
investigation of unique responses of the materials to a certain 
media, in particular as the significant effort in material 
science is taken to increase the material’s resistance to certain 
factors. In addition, as the nanomaterials can be also the 
subject of the research, this method can be used in terms of 
the determination of the non-homogeneity of the sample in a 
quantitative fashion. Further investigations will be carried out 
in order to develop the most effective way of the following 
data processing. One can argue that presented approach may 
deliver an ultimate resolution of the submicron investigation 
of the variety of materials and in particular the nanomaterials 
in the cyclic evaluation of the response of the materials to the 
exposition to a certain factor. 
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