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Introduction

Case study 1: 
Measuring the particle size and shape 
distribution of silicon carbide abrasive grains

Abrasives are used in the manufacture of bonded 

abrasive products used for polishing, grit blasting, and 

surface grinding. Their applications include mechanical 

planarization manufacture in the electronic industry, 

s u r f a c e  p ro c e s s i n g  i n  t h e  m e c h a n i c a l  i n d u s t r y , 

and producing kitchen and bathroom cleaners. It is 

advantageous to use the synthetic form, to maintain the 

supply and consistency of properties for grains, or grit 

abrasives. Silicon carbide, synthetic diamond, and alumina 

are examples of synthetic abrasives. 

Certain properties make these materials applicable to use 

as abrasives, such as the hardness and toughness of the 

material. More importantly, it is the particle size, shape, 

and particle size or shape distribution (PSD) that make the 

particles of those materials suitable to be employed as 

abrasive grains. Different applications require different PSD 

of abrasive grains depending on the required production 

speed and desired smoothness. Thus, measuring the PSD 

is an extremely vital part of abrasive grain quality control.

Four silicon carbide samples are discussed here, which 

are used for producing polishing agents. They were 

manufactured by the same producer but in different 

batches. Sample 1 was produced in 2019, and the others 

were produced in 2020. A BeVision S1 was used to 

measure the size and shape of these abrasive grains. 

The BeVision S1 is an image particle size analyzer, which 

uses the principle of static image analysis (ISO 13322-1). 

The BeVision S1 provides a simple and easy solution to 

measure and analyze the size and shape of particles in a 

range of 1 - 3000 μm. It is easy to use while staying reliable 

and accurate. Equipped with a high-resolution camera and 

a precise microscope, BeVision S1 is simple to use and 

provides high-quality particle images. 

Before the measurement, a BT - 910 dry dispersion module 

is used to help disperse silicon carbide samples onto an 

80 x 70 mm glass slide. The BT - 910 disperses dry 

powders  w i th  an  a i r f low which  breaks  potent ia l 

agglomerates, and ultimately evenly disperses them onto 

the glass slide.

With a BeVision S1, the particle size and shape of four 

silicon carbide samples are measured. A transmitted light 

illumination and a 10x magnification objective lens are 

used for this measurement.
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As shown in Figure.1, the particle size distributions of the 

four silicon carbide samples are almost identical. Identical 

PSD of abrasive grain samples endorse a stable and robust 

production process for these products.

The BeVision software has many features but one of 

the key features is the capability to make a scatter plot, 

comparing the relationship between particle size and 

the particle circularity of four abrasive grain samples. 

In Figure.2 we can see that on the larger size end of the 

size distribution (the right side), the scatter points have a 

relatively low circularity value (0.83), indicating they are 

less rounded whereas the finer particles have a higher 

circularity index of (0.92) indicating that they are more 

rounded. The images of those coarse, sharp particles of 

sample 1 and sample 2 are shown in Figure.3 below.

Figure 3. Image of particles of samples 1 and 2 
silicon carbide abrasives

Furthermore, the distribution of the irregularity can be 

helpful when evaluating the overall sharpness of the 

abrasive samples. The irregularity, also known as the 

modification ratio, is defined as the relationship between 

the diameter of the maximum inscribed circle and that 

of the minimum circumscribed circle as shown in Figure 

4. It is a parameter that is very useful in describing the 

sharpness of single particles with just one number.

Figure 4. Irregularity of particles

The particle size - irregularity scatter plot as depicted in 

Figure 5. is worth mentioning here. Both circularity and 

irregularity are descriptions of the degree to which the 

particle (or its projected area) is similar to a circle, but the 

irregularity is more sensitive to sharp angles on the particle 

contour. It is widely known that a sharper abrasive grain 

reduces a product’s surface faster, which explains why the 

irregularity parameter is valued by the abrasive industry 

today.

Figure 1. Particle size distribution of silicon carbide abrasives

Figure 2. Particle size - circularity scatter plot
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Figure 5. Particle size - irregularity scatter plot of sample 3 and sample 4

All four samples have similar particle size distribution, 

but irregularity can be the key factor in determining the 

difference in abrasion performance. Here we compare 

particle size - irregularity scatter plots of sample 3 and 

sample 4. It is shown that the coarser (larger size) particles 

of sample 4 have a greater irregularity (lower irregularity 

value) and hence a faster cutting edge. This indicates that 

sample 4 will have a better performance when working 

as a polishing agent. In comparison, coarser particles in 

sample 3 are less sharp, as shown in Figure 5. On the other 

hand, all 4 abrasive grain samples have a relatively low 

average irregularity value, around 0.61, which is welcome 

information for polishing agent producers since a low 

irregularity value is directly related to the high working 

efficiency of polishing agents.

In this case, the PSD of three corundum samples with 

different size distributions are analyzed. They are used 

to produce bonded abrasive products, such as grinding 

wheels. It is worth noting that all three samples are loose, 

coarser corundum abrasive grains, they can also be used in 

the sandblasting process.

The three Corundum samples are manufactured by the 

same producer, and they have different grit sizes (grit 

numbers), from F60 to F120. A larger grit number indicates 

finer abrasive grits. The F60 and F80 grits are good for 

removing large amounts of materials and rounding off 

corners, in comparison the F120 grits, usually called 

medium grits, are good for general-purpose sanding.

A BeVision M1 is used to measure the particle size and 

shape of the samples. The BeVision M1 is an image 

particle size analyzer like the S1 but it is also able to 

automatically focus on the particles and is equipped with 

an automated X-Y scanning stage which ensures all the 

particles on the slide are scanned and measured. The 

BeVision M1 offers an efficient solution to analyze the size 

and shape of particles in a range of 1 - 10,000 μm, with the 

static image analysis method. The SOP test function helps 

the BeVision M1 efficiently provide reliable results, usually 

in 3 - 5 minutes. As with the BeVision S1, a BT - 910 dry 

dispersion module is used to disperse the abrasive grains 

on an 80 x 70 mm glass slide.

The PSD results of the abrasive grain samples obtained by 

the BeVision M1 are displayed in Figure 6 below.

Figure 6. PSD curve of corundum sample F60, F80, and F120

Case study 2: 
Measuring particle size distribution of 
corundum abrasive grains
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In the abrasive industry, some time-consuming particle 

sizing methods are employed for product quality control, 

such as sedimentation analysis and sieving analysis. The 

BeVision M1 generates a higher resolution PSD result 

with better efficiency and provides more comprehensive 

information about the particles. 

The BeVision software provides a smooth transition 

between different particle sizing methods such as sieving, 

sedimentation, and laser diffraction. In this case, three 

corundum abrasive samples were analyzed with sieves 

before being tested on the BeVision M1. Sieving results are 

shown in Table 1 for all three Corundum abrasive grains. 

There are 2 things we should mention when comparing 

the BeVision M1 result with a sieving result. Firstly, we 

should select the most appropriate parameter to describe 

the particle size as measured by a sieve. According to the 

BeVision M1 particle size (area-equivalent diameter, xA) 

result, there are oversized particles in sample F60 which 

are larger than 425 microns, which do not show up in the 

sieving result. On further investigation, the size parameter 

minimum Feret diameter (xFmin) proved to provide the 

best correlation when compared with sieving results which 

are based on the second largest diameter. The minimum 

Feret diameter is defined as the minimum distance 

between parallel tangents of the particle and corresponds 

to the “breadth” of the particle [2]. Compared with the area-

equivalent diameter, the minimum Feret diameter is more 

appropriate when determining whether a particle could 

pass a sieve opening or not.

Secondly, the distribution model is also important. Image 

analyzers measure the size of each particle and sum them 

up into a statistic, in this way, image analyzers produced 

a “number weighted distribution” or “number distribution”. 

In the sieving analysis, things are different: the content of 

each particle size interval is weighted by the total weight of 

particles on a sieve. Assuming particles are homogeneous, 

the sieving analysis weighted particles by volume, that 

is, offering a result in “volume distribution”. The BeVision 

software provides an easy transformation from a number 

distribution to a volume distribution for all three particle 

size distribution results.

Table 1 shows a comparison between the BeVision M1 PSD 

result (xFmin, volume distribution) and the sieving analysis 

result of all 3 samples. Compared with sieving analysis, a 

BeVision M1 provides fully comparable results, better in 

resolution, but with a higher accuracy than the sieves.

Figure 7. Maximum and minimum Feret diameters

𝒙𝑭𝒎𝒊𝒏

𝒙𝑭𝒎𝒂𝒙

Table 1. Particle size distribution result of two sizing methods

Sample Size (μm) Sieving (%) BeVision M1 (%)

F120

< 63 0.19 0.59

63 – 90 6.31 8.42

90 – 106 32.5 31.45

106 - 125 54 53.2

125 - 180 7 6.34

> 180 0 0

F80

< 150 1.66 0.73

150 – 125 6.84 6.21

150 – 180 31.5 30.57

180 – 212 45 46.19

212 – 300 15 16.3

> 300 0 0

F60

< 180 1.19 0.14

180 – 212 5.59 5.96

212 – 250 34.5 33.45

250 – 300 53 53.07

300 – 425 5 7.38

> 425 0 0
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Particle size, shape, and distributions of abrasive grains 

significantly affect the microtopography and smoothness 

of the abraded surface. With such a range of particle size 

and shape parameters and in addition selectable range 

of result presentation methods, the BeVision S1 and the 

BeVision M1 are both reliable instruments that provide 

particle sizing and shaping solutions that are the key to the 

quality control process of abrasive industries. 

Also, the BeVision series image analyzers provide pertinent 

particle size and shape analysis parameters required by 

abrasive producers to speed up the product quality control 

process. Using the BeVision software, a smooth correlation 

can be made between the different particle sizing methods 

from sieves to laser diffraction at the touch of a button. The 

reliable, efficient BeVision series is the trustworthy choice 

for the abrasive industry, whether they be manufacturing 

abrasive grains, bonded abrasive products, loose grits used 

in polishing, or many other general industrial applications.

Conclusion
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