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Synthetic diamonds 
Instrument: CAMSIZER M1 
 
 
 

Industrial diamonds 

Diamond is the hardest naturally occurring substance and appears 
as a mineral in a few selected deposits. These diamonds are 
valuable gemstones. Diamond is pure carbon crystallized in the 
cubic system. The typical crystal shape of natural diamond is an 
octahedron. Fine-grained diamond powder, which is used as 
abrasive, is usually made artificially. 
Size and shape of the diamond abrasive determine the efficiency of 
the grinding tool. Particle analysis therefore is not only required for 
size but also for shape analysis.  
The CAMSIZER M1 provides high-resolution particle analysis even 
for very fine diamond powders. Please refer to Application Note 
AN056 for further information on particle analysis of abrasive 
materials.  

 

 
Fig. 1: Synthetic diamonds 

 
 

 

Static Image Analysis with the CAMSIZER M1 

The CAMSIZER M1 uses the principle of static image analysis (ISO 13322-1) to determine the particle size and particle shape in a measuring 
range from 0.5 µm to 1500 µm. An object slide with sample material is shifted stepwise along a camera system which acquires one image 
per step. The samples may be dry or wet (powders or suspensions). In contrast to dynamic image analysis, the sample remains stationary 
during the image acquisition. Hence, the particle images show excellent quality and richness of detail. The CAMSIZER M1 particle size / 
particle shape analyzer features a powerful illumination unit, a highly precise sample stage and five objectives with magnifications from 2.5x 
to 50x. Thanks to the wide traversing range of the sample stage, an area corresponding to up to eight standard object slides can be evaluated. 
The CAMSIZER M1 uses an 18.1 Megapixel color camera for image acquisition which guarantees rapid and accurate particle analysis over the 
entire measuring range. 
 

 

 
Fig. 2: CAMSIZER M1 is a powerful static image analyzer. For sample preparation of dry powders, the M-Jet module is available 
 

 
 
 
Size and Shape of Diamonds 
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A sample of industrial diamonds was processed in a planetary ball mill Retsch PM100 and in a vibratory disc mill Retsch RS 200. The target 
of this experiment was to modify the particle shape in a way that the angular starting material would be rounded.  
 

 
 

Fig. 3: Retsch planetary ball mill PM 100 (left), vibratory disc mill Retsch RS200 (right). 
 
PM 100 settings: 30 minutes grinding time, 400 rpm, 500ml steel jar + 800 g grinding balls 5 mm diameter 
RS 200 settings: 30 minutes grinding time, 1500 rpm, 250 ml steel grinding set 
The starting material and the milled samples were characterized with the CAMSIZER M1. The particle size can be reported based on 
different size definitions (Fig. 4, left). Image analysis is a clear and direct measurement of the particle size, unlike many other techniques 
that only report the equivalent diameter based on a sphere model. For each recorded particle, the width (xc min), the length (xFe max) and the 
circle equivalent diameter are acquired. Simultaneously with the size measurement, the particle shape is analyzed. Shape can be described 
by different parameters such as aspect ratio, compactness, circularity, symmetry or roundness (Fig. 4, right).  
 

 

 
Fig. 4: Left: size definitions used in image analysis: width, length and circle equivalent diameter. Right: explanation of the most commonly 
used shape parameters in image analysis. 

 
CAMSIZER M1 measurement settings: 
 

 Starting Material Planetary ball mill PM 100 Vibratory dic mill RS 200 

Objective lens 10 x 20 x 20 x 
Illumination transmitted transmitted Transmitted 
Scanned area 30 mm x 30 mm 16 mm x 20 mm 20 mm x 20 mm 
No. of images 2190 2716 515205 
No. of particles 5127 452092 3422 
Measurement time 16 minutes 17 minutes 20 minutes 
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The diagrams in Fig. 5 show the size distributrion for the three diamond samples based on xc min (width)and xFe max (length) as a cumulative, 
volume based distribution (Q3). The size has been reduced significantly by the grinding process. Grinding in the PM 100 produces finer 
particles than grinding in the RS 200.  
 

  
Fig. 5: Cumulative particle size distribution (Q3) for all three samples. Left: particle width (xc min), Right: particle length (xFe max).  
Starting material (red), PM100 (green), RS 200 (blue)  

 
Fig. 6 shows how the particle shape is changed by the grinding process. The milled samples have higher values for aspect ratio and 
compactness. However, the shape distribution of both processedsamples is very similar. The efficiency of the rounding is therefore 
comparable for both mills. In the PM 100, however, the resulting particle size is significantly smaller.  
 

  
Fig. 5: Cumulative particle shape distribution (Q3) for all three samples. Left: aspect ratio (b/l), Right: compactness.  
Starting material (red), PM100 (green), RS 200 (blue) 

 
The table below shows a summary of the size and shape measurement data for all three samples. The mean aspect ratio and compactness 
is much higher for the milled samples. The percentage of particles with compactness < 0.75 or aspect ratio < 0.6 is reduced during the 
grinding process.  

 Starting Material Vibratory Disk Mill Planetary Ball Mill 

d10 (x c min) [µm] 12.35 6.33 3.75 
d50 (x c min) [µm] 17.62 13.57 9.85 
d90 (x c min) [µm] 24.22 18.37 15.62 
d10 (x Fe max) [µm] 20.87 9.95 5.65 
d50 (x Fe max) [µm] 27.69 19.88 14.59 
d90 (x Fe max) [µm] 42.99 28.55 23.08 
Mean compactness 0.756 0.788 0.804 
Mean aspect ratio 0.62 0.699 0.679 
% compactness < 0.75 43.4 28.2 23.3 
% aspect ratio < 0.6 42.2 27.1 25.9 
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Fig. 6: Example images of the starting material 

 

   

   
Fig. 7: Example images of the sample milles in the RS 200 

 

   

   
   

Fig. 8: Example images of the samples milled in the PM 100. Wear of the grinding tools is visible on some particle surfaces (esp. upper left 
image). 

 
 
 
 
 

Comparison with laser diffraction 
 

Fine grinding and polishing media consist of, for example, corundum, carbides or industrial diamonds. The relevant standards stipulate the 
use of sediment analysis for quality control. However, this method is very time-consuming and imprecise. The CAMSIZER M1 generates more 
exact and comprehensive information which allows for thorough evaluation of the material in question. This measurement example shows 
a comparison of two samples of synthetic diamonds which have been analyzed by laser diffraction and CAMSIZER M1. Since laser diffraction 
only delivers an equivalent diameter based on a sphere model, particle width or length or shape is not measurable. When image analysis is 
compared with laser diffraction, the size definition xarea usually provides the best correlation.  
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Fig. 9: Size distribution of two industrial diamond samples measured with the CAMSIZER M1. The mean values (x area) are 3.1 μm and 20.3 
μm. The black curves represent the result of laser diffraction analysis. The size is accurately measured, even of the finest particles.  

 
 

CAMSIZER M1: benefits at a glance 
 
 

 Static image analysis (ISO 13322-1) from 0,5 µm – 1500 µm 

 18.1 Megapixel camera 

 Up to six objective lenses 

 Transmitted and reflected light 

 High precision sample stage 

 Max. digital resolution: 35 nm 

 M-Jet dispersion module 

 Particle X-Plorer Software 

 Precise analysis of small particles 
 
 

 
 

 
 
 
For further information please contact us at: 
info@microtrac.com 
www.microtrac.com 
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