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    Titanium dioxide is a naturally occurring oxide of titanium. It has the highest refractive index of any 
material known to man, even the diamond, and is one of the whitest materials on earth. When ground 
into a fine powder, it transforms into a pigment that provides maximum whiteness and opacity. TiO2 
pigments are used in paints and coatings, plastics, paper, building materials, cosmetics, 
pharmaceuticals, foods and many other commercial products.  
    Upcoming regulations on national, European and international level upon the classification of 
nanoparticulate materials create the demand for standardized and reliable characterization methods 
[1]. For the time being, most scientific efforts are focused on model systems, such as spherical Au-
nanoparticles [2]. Yet, industrial materials, which are the target of all classification and regulatory 
efforts, require approaches, which take into account the difficulties that go along with irregular shapes, 
broad size distributions and strong aggregation and agglomeration effects. In other words, robust, 
reproducible and statistically reliable methods are required, which can be applied to a broad range of 
materials.  
    This contribution introduces an operation procedure which was developed for the sizing of pigment-
grade TiO2 particles as they are produced in the order of up to 5.5 million metric tons a year world wide 
by the titanium dioxide Producing industries. The relevant steps of the procedure summarize as 
follows: 

1. Samples are prepared by thorough mixing and imbedding in a hot mounting resin. Efficient 
mixing is done in the suitable dry mixing system, the fast mounting process prevents the 
separation of the specimen and the resin and a segregation or sedimentation of the different 
size-fraction within the sample. An optimum in terms of homogeneity is achieved in a 
representative sample! 

2. A representative section through the sample is obtained via cutting, grinding and polishing. The 
preparation of the section ensures, that no particles are overlapping. Aggregated (fused) 
particles can readily be discriminated from agglomerated particles. The use of appropriate 
“oxide polishing suspensions” allows the preparation of particle sections surfaces for particle 
sizes down to 20nm. 

3. An optimum choice for the recording conditions is found by balancing secondary electrons and 
backscattered electrons for image formation.  Backscattered electrons contribute the contrast 
between the particles of interest and the hot mounting resin, secondary electrons emphasize 
the particle edges. An optimum is generally obtained by adjusting the acceleration voltage, 
working distance and the proper mixing of the detector signals. 

4. A manual, semiautomatic or automatic acquisition procedure may be used for data collection, 
depending on sample properties, e.g. charging. This way, for pigmentary-.size particles in the 
Mie-scattering regime, several ten thousand particles can be recorded at reasonable 
acquisition times. 

5. Modern image evaluation  software allows efficient image processing, which includes noise 
reduction, shading correction, contrast optimization, edge detection or shape segmentation. In 
all cases, the need for reliability and reproducibility, requires stable image quality and a defined 
order of the image processing steps. Based on a processed image, an automated detection of 
particles in the image is done based on gray-value thresholding. Combined with a gray-value 
filtering (mean gray-value and its standard deviation), faulty detected “particles” can be 
eliminated. 

6. Based on the obtained statically relevant dataset of several ten thousand detected particles, 
selection or discrimination of particles can be achieved by filtering. Most important particle 
property is its characteristic form, which can be expressed in terms of a “formfactor”, a 
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“convexity”  or an “aspect ratio”. A variety of other characteristics are available and can be 
chosen to match the necessity of the desired investigation. In the case of TiO2-pigments 
described here, two different shape characteristics (formfactor and convexity) are an adequate 
choice for filtering. 

    Based on the almost fully automatable procedure described in the steps 1 through 6, a highly 
reproducible workflow for the evaluation of particle-size distributions (or likewise the distribution of any 
other characteristic particle properties) can be obtained based on relevant, number based counting 
statistics. In the special case of white TiO2-pigment with a mean size in the range of Mie-Scattering 
regime, it turns out that there is no practical need for stereological corrections [3]. This is attributed to 
the combination of the characteristic, spheroidal particle shape, the properly chosen penetration depth 
of the electron beam (i.e. the acceleration voltage) which matches the characteristic length-scale of 
the particle diameters and the preparation procedure, which mechanically removes particles that have 
little hold in the matrix, i.e. are sliced close to the bottom. 
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Figure 1. Original SEM-image 

 
Figure 2. Processed SEM-image 

 
Figure 3. Processed SEM-image with detected 

constituent particles 

 
Figure 4. Size distribution of constituent particles; 

the ordinate gives the particle-count for each bin, the 

# of the bin is given on the abscissa; a logarithmic 

binning scheme of 100 bins is chosen between 10nm 

and 1000nm 

 
 
 
 
 


