Studying texture of paper with AFM and Upright optical
microscopy using the BioMAT™ Workstation

Background

Since its development 5000 years ago in Egypt, paper is
affecting our daily activities in numerous ways. It has
launched a revolution in communication, packaging and
personal care products, so that it is not possible to think of
a world without paper — even in this digital era. In our daily
lives we are familiar with different shapes and
appearances of paper that are strongly connected with its
capabilities. The structure of paper may influence a huge
variety of characteristics like its optical, mechanical, fluid
transport and print properties. In order to achieve a
complete  understanding of these features, a
comprehensive characterization of relevant surface and
bulk structures of paper is necessary (1). In Figure 1, the
different appearances of two sorts of paper are presented.

In general, paper is produced by pressing moist vegetable
fibores  of together, whereupon these
macromolecules are extracted from nature products like

cellulose

wood, rags or grasses. Native cellulose consists of
cellulose | which is a mixture of similar conformations but
different lattice forms. (2) Optics and AFM together give us
the ability to get a deeper insight into this multisided
product and its applications.

Figure 1: AFM height image (5 um? of a) lens- cleaning paper and
b) labeling paper. Paper sorts can be clearly discerned by the size
and orientation of the cellulose fibers that influence the structure
and rigidity of the paper.

AFM combined with
microscopy

upright optical

The combination of optical microscopy and AFM enable
the investigation of printing and writing process on paper
and how inks interact with paper. For the study of
translucent samples, an inverted optical microscope can
be positioned underneath the sample to combine both
methods. However this does not work for paper samples
which are opaque, non-transparent samples. On the other
hand, placing the objective of an upright optical
microscope above the sample leaves little space for the
AFM to access the same location. The development of the
BioMaterial (BioMAT™) Workstation overcomes these
problems by using a portable shuttle stage that transports
the sample between the upright microscope stage and the
AFM stage.

Applications: Ink mileage

Ink mileage (or ink consumption) is a very important topic.
Especially the paper and printer industries have a strong
interest to create best printing results by optimal ink
consumption. But also the normal end user has a concern
in minimizing the concentration of potential harmful toner
particles and wants to save energy and money. For perfect
print results toner and surface properties of the paper are
important. Especially paper porosity, pore size,
permeability adhesion and roughness (3) influence the
result. Lots of these properties can be measured by AFM
and can be used to investigate the ink mileage. Therefore,
the BioMaterial (BioMAT™) Workstation was used to
combine an upright optical image with the AFM image.
This ensures the ability to identify single toner particles in
melted and non-melted form.
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Figure 2: (a) Brightfield upright optical image (40x; Zeiss Axio-
Imager) of a printed region on laser printer paper. All colors can
be identified and co-localized with the AFM scans. The selected

area was imaged by using the JPK NanoWizard® AFM and
BioMAT™ Workstation. (b) Corresponding AFM height-scan
shows the structure of the paper with intact magenta and yellow
toner particles.

In Figure 2, the brightfield optical image and the
corresponding AFM height image are shown. The
combination of CMYK (Cyan, Magenta, Yellow, Black)
particles allows the printing of all colors). Brightfield optical
image shows intact particles and areas of molten particles.
The coloured toner particle can be clearly identified in the
AFM height image. Furthermore, the structural differences
between the ink material and the paper surface can be
distinguished from each other (cf. Figure 3).

a)

Figure 3: (a) Overlay of 3D topography and brightfield optical
image. The optical image is used as a texture. DirectOverlay™
encloses perfect integration of optical and AFM data.

The paper structure (Figure 3b) shows significant
differences in topography and roughness in comparison to
the surface of the toner particle (Figure 3c). Due to the
perfect integration of optical and AFM data, the different
areas can be identified in the overlay of 3D topography and
brightfield optical image. Also melted and non-melted
particle can be identified and assign to their colour.
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Figure 4: (a) 3D topography (12,5 um) of one selected toner
particle. (b) Corresponding cross-section shows the height and
width of the toner particle to identify the volume of one toner
particle.

Printers always aim to achieve a desired print quality with
little consumption of printing ink. The ink mileage as a
measure for the printing ink can be investigated easily by
determining the volume of different ink particles. In Figure
4, results of such an investigation are presented, in
particular the 3D topography of one toner particle and the
corresponding cross-section. With the knowledge of the
size and lateral expansion of the toner particle, the volume
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can be easily calculated. The volume of the particle that is
be presented in figure 4 result in a value of 308 um3.

Conclusion

The BioMaterial (BioMAT ™) Workstation is a useful tool to
combine AFM and optical imaging on opaque, non-
transparent samples like paper as has been presented by
the examples shown in this article.

In future applications, the method could be use to
investigate the ink mileage of different sorts of paper by
measuring the volume of defined ink particles by AFM in
combination with optical microscopy.
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