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The values determined for colour coding can also be used 
to obtain relative and absolute distribution curves across 
the paper cross-section.
The presentation gives results of Raman spectroscopic stu-
dies on different paper and coating systems. 

Experimental

Sample Preparation
The samples for the Raman measurements were prepa-
red by cutting 2 x 2 cm pieces of the paper samples. The 
samples were then laid on a hard surface and one edge 
of the sample was cut with an unused razor blade. This 
simple, fast and easy cutting method gave a sufficiently 
smooth and planar surface of the paper cross-section, as 
was verified by visual inspection under the microscope 
before and during all measurements.

Instrumentation
Raman spectra were measured in the spectral range from 
3200 to 300 cm-1 with a dispersive Raman spectrometer 
system from Kaiser Optical Systems. The HoloLab Series 
5000 Raman system consisted of a 785 nm diode laser for 
excitation, a Raman microscope Leica DMLP, a HoloS-
pec spectrograph f/1.8 and a liquid nitrogen cooled CCD 
detector. The laser light was guided via a single-mode 
fibre and through a 100x objective (NA 0.9) to the sample, 
resulting in a laser spot about 2 µm in size. The laser inten-
sity on the samples was generally between 50 and 90 mW. 
The paper samples were placed in a special self-made 
sample holder to clamp the sample and to position the 
cross section surface horizontally under the microscope 
objective.
Raman spectral maps were obtained by collecting spectra 
with exposure times between 100 and 500 ms and only 
one accumulation. The sample was moved in a pre-defi-
ned raster pattern with a step size of 1 µm in both direc-
tions.
For analysis, the spectral data sets were imported into an 
inhouse-developed software on the basis of MatLab (The 
Mathworks Inc., Natick, MA). Spectra with extreme inten-
sity values were removed from the data sets, thus avoiding 
artefacts due to holes in the paper structure or fluores-
cence. 

Results 

Analysis of Starch Distribution in Paper
Starch products are important additives in the paper in-

dustry. The purpose of the application of starch solutions 
or slurries on paper and paper board are, for example, to 
provide resistance to penetration of liquids, to give better 
surface properties and to increase internal strength. The 
resulting paper properties depend strongly on the starch 
penetration and its consequent cross-sectional distribution 
(z-direction) in the paper sheet. 
Presently, the analysis of the z-distribution of starch in 
paper is mainly done by iodine staining of cross-sectional 
cuts and a following image analysis. Despite its proven 
practicability, this method has some drawbacks. It is an 
indirect method, the sample preparation is time consu-
ming and in some cases the staining can be unspecific or 
difficult to detect. Therefore, an analysis method that is 
direct, faster and more specific is desirable.

Analytical Raman Bands of Starch in Paper
Paper consists mainly of cellulose fibres with smaller 
amounts of additional additives. The starch, therefore, has 
to be spectroscopically detected in a matrix of cellulose. 
Figure 1 shows the Raman spectra of cellulose and starch 
in the region of the characteristic starch bands at 940 and 
855 cm-1 that are not observed in the cellulose spectrum 
[3]. The spectra were measured along the cross section 
of a starch-sized paper at sample points with increasing 
distance to the sized surface. The spectra are normalized 
between the maximum of the cellulose band at 900 cm-1 
and the baseline minimum at 800 cm-1. As expected, the 
intensities of the two starch bands at 940 and 855 cm-1 
decreased with increasing distance to the paper surface.

Starch Distribution in an Abrasive Base Paper
An abrasive base paper was chosen as an example to de-
monstrate starch distribution analysis by Raman microsco-
py on an industrial paper [4]. Abrasive base papers require 
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Fig. 2. Raman spectra measured at di� erent points along the paper 
cross section with increasing distance from the surface. 
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high strength and mechanical stability. This is achieved 
by using different starch sizing procedures on the paper. 
The abrasive base paper consists of two layers containing 
mainly cellulose fibres and starch. Both layers contain 
internal starch and are glued together by sprayed granular 
starch. Furthermore, both sides of the paper are sized with 
starch solutions.
Figure 3 gives Raman images of the paper structure and 
the starch distribution over the whole paper cross section. 
In the right image, the presence of starch is visualized as 
shades of yellow-red colour according to the intensity 
of the starch band at 855 cm-1. The three types of starch 
applications can be clearly distinguished. The starch 
concentration is higher on the sized surface and the glued 
interface of the two paper layers. The internal starch in 
the two paper layers is also seen as smaller yellow areas 
distributed over the whole paper cross section. 

Figure 4 gives the distribution curve of the starch in the 
abrasive base paper which was calculated by averaging 
all intensity curves of the four maps. It shows the higher 
starch concentration at the two surfaces and the glued 
interface and the penetration of the starch from the two 
surfaces.

Evaluation of Binder Migration in a Curtain Coating 
Multilayer
Curtain Coating is a non-contact coating method which 
allows the application of two or even more coating layers 
at the same time. An important quality aspect is the ques-
tion if there is migration of components from one layer to 
the other during the coating process or during drying. 

Figures 5 and 6 give an example of the Raman analysis 
of binder migration between two curtain coating layers 
applied on a paper board [5]. The base layer contains 
mainly calcium carbonate (GCC) and an acrylate binder, 
whereas, the top layer consists of GCC, titanium dioxide 
and an acrylonitrile binder. Figure 5 shows the compari-
son between the SEM image of the two layer coating and 
the corresponding Raman image. The Raman image was 
developed by using the score values of the second princi-
pal component of a PCA analysis. 

The Raman image reveals clearly the two layers struc-
ture of the coating which is not very discernible in the 
SEM image. To evaluate the possible migration of binder 
between the layers distribution curves were calculated 
using the characteristic Raman bands of titanium dioxide 
(rutile modification) at 610 cm-1 and of the nitrile group of 
the binder at 2239 cm-1.
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Fig. 3. Raman images of the cross section of the abrasive base paper 
showing the paper or � ber network structure (le� ) and the starch 
distribution (right). � e yellow-red colour shades indicate higher 
intensities of the starch band at 855 cm-1.

Fig. 5.  SEM and Raman Image of the two layer coating (� e SEM 
image does not represent the area of the Raman measurement.)

Fig. 4. Starch distribution curve calculated from intensity values at 
855 cm-1 in the Raman maps of the abrasive base paper.
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The distribution curves are shown in Figure 6. No signifi-
cant difference between the change of the Raman band of 
the solid titanium dioxide and the colloidal solved binder 
can be observed indicating no or very low migration of the 
binder into the base layer.

Detection and Identifi cation of Components in 
Paper
Raman microscopy is also a useful tool for the fast and 
precise detection and identification of components or 
small particles in paper which are otherwise not very 
accessible. These substances can be wanted additives in 
paper or defects in the paper or on the surface.

The following example shows the identification of a par-
ticle which appeared as a defect in a coated paper. Figure 
7 shows the video image and the Raman image of the par-
ticle. In the video image the particle is seen as a compact 
block in the middle between paper fibers. In the Raman 
image the particle is red color coded.

The Raman spectrum of the particle given in Figure 8 shows 
the characteristic Raman bands of an UV cured epoxy 
resin on the basis of the diglycidyl ether of bisphenol-A 
(DGEBA). Because currently there is a significant trend to 
improve the quality and the publicity value of printed pro-
ducts, especially magazines, by varnishing of the surface 
with UV cured resins, these varnishes are becoming more 
and more a problem in the production of recycling papers 
from deinked pulp [6]. The UV cured varnish films form 

relatively great particles of 200 microns and more that can 
only partly or not be floated and separated in the standard 
deinking flotation. As a result, an increasing amount of 
contaminants in the recycled fibers (RCF) can be seen as 
quality problems in paper or runnability problems on the 
paper machines. 

Conclusion 
The presented results demonstrate the great potential and 
the new possibilities of Raman microscopy to study the 
chemical structure of paper and board. This spectrosco-
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Fig. 6.  Distribution curves for the components titanium dioxide and 
acrylonitrile binder in the top layer. Change of normalized intensity 
of Raman bands of TiO2 (rutile) and nitrile group of the binder.

Fig. 7. Video and Raman image of the polymer particle (red) between 
paper � bers (grey and green)   

Fig. 8. Raman spectrum of the polymer particle showing the 
characteristic bands of an UV cured epoxy resin on the basis of 
DGEBA  
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pic method makes high-resolution and high specific paper 
analysis possible in a way that was not feasible before. 
This allows new insight in the effects that chemical addi-
tives have on paper fibres and the relationships between 
process parameters, the paper composition and the resul-
ting paper properties. 
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