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Introduction

• Günther Crolly (PhD)

• Head of development particle sizer

• FRITSCH HQ Germany

FRITSCH is an internationally respected 
manufacturer of application-oriented laboratory 
instruments. Our instruments have been used for 
decades worldwide for Sample Preparation and 
Particle Sizing in industry and research 
laboratories. Trust FRITSCH quality made in 
Germany, our experience and our service.



• Replace sieves (really!)
• Verify/supplement laser diffraction results (orthogonal technique).
• Access larger sizes than laser diffraction
• Need shape information, for example due to importance of powder flow
• Particle size is a critical quality attribute (CQA) in the realm of Oral solid dosage 

(OSD) manufacture.
• Particle size directly relates to: 

• Flowability 
• Blend uniformity 
• Compressibility 
• Dissolution rate 
• Bioavailability

same size (cross section), but behave 
very differently.

Why image analysis?



• Replace Sieves

• Tend to wear over time. It is difficult to tell when sieve 
results are “drifting” due to wear

• Results depend on nature of shaking and loading 
leading to operator to operator variations in results.

• Small number of size classes

Why image analysis? 

Courtesy Wikipedia user © BMK (de.wikipedia.org)“
//commons.wikimedia.org/wiki/File:Laboratory_sieves_BMK.jpg

https://de.wikipedia.org/wiki/user:BMK


Effect of shape on flow

• Yes, I assumed density doesn’t 
matter.

• Roundness is a measure based 
on particle perimeter.

θc



What is image analysis?

Take a picture, analyze for 
size and shape



Image Analysis

Collect Image
Particle by particle parameters

Population statistics/ 
parameters 



How images get processed

93 Pixel
Image at the sensor



How real images get processed
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Binarization threshold
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Binarization threshold

Setting the binarization threshold

• Automatic

• Manual setting

Superposition of the 

established particle boundaries

(or the binarized images) 

and the original (raw) images

should always be possible!



Dynamic vs Static?

Static Image Analysis
Particle are not moving.

Dynamic Image Analysis
Particles are moving.



Making particles move

Send them off the edge 
of a hopper.



Result Parameters

What are all of these numbers 
from a single particle?

Need to check your manual for 
the definitions. 

Examples follow.



Feret (size) and Aspect ratio

Feret: size measured with 
calipers.

Aspect ratio: Here it is max size 
over min size 



Convexity (shape)

Convexity: Convex perimeter over 
particle perimeter

For circle (or other ellipse) result is 1.

As particle surface has more variation, 
value decreases.



Some fits
Circular fit (green) used for some size 
parameters.

Elliptical fit (blue) used for some size and shape 
parameters.

Less sensitive to pixelation.

Convex hull…This gets longer than the 
perimeter…but it matches the perimeter for an 
ellipse. 



Massive results…
One particle has a lot of results…now we repeat over many particles. 



2-D point cloud…

Each point is a measured 
particle. You can see the 
small number of larger 
particles leading to the 
relatively noisier data for 
shape in larger size classes.

This is two parameters for 
each particle. In truth there 
are more…



Size distribution

Usual friend: quantity as a 
function of size. Use this to 
extract parameters like D10, 
D50, D90, mean size.



Shape distribution



Size vs shape

Plot is of circularity as a function of size



Accuracy with standard

Whitehouse IA025

D10
microns

D50
microns

D90
microns

Spec. 254 364 520

Uncert 10 10 14

Result 246.5 366.3 528.1



Seed mixture

Note that looking at maximum Feret is a 
better way to differentiate between see types 
(or see mixture ratio).

Good repeatability either way.



Ti64 metal powder

This is a metal powder used in additive manufacturing. 



Metal powder

Two repeats, note higher size and 
broader size distribution.



Fertilizer

Kind of an interesting point cloud. There are two distinct populations (and each with a different shape 
distribution). 



Size distribution

Same underlying data as a volume based and number-based distribution. Since small particles have a tiny tiny
volume, they are not important in volume distributions. 

This is the same underlying data shown two different ways. Use number based if fines are important. 



Shape vs size

Note that aspect ratio is a strong function of size.



Common Questions

• How many particles? 

• Minimum Particle Size

• Maximum Particle Size

• Accuracy



Example: for uncertainty of + 5 µm with st dev= 20 µm
Must measure 61 particles

Implies normal particle size distribution, greater than 30 particles, and known standard deviation.

u=uncertainty
z=confidence coefficient (often ~2, see a statistics book)
s=standard deviation of distribution (width)
n=number of particles measured
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<USP> 776:  Mean



<USP> 776: Standard Deviation

Assumes normal particle size distribution, greater than 30 particles, and known standard 
deviation.
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χ=Moment of chi squared distribution (see a statistics book)
s=estimated standard deviation of distribution (width)
n=number of particles measured

These limits are asymmetric around the standard deviation.



50 particles



400 particles



Compare With USP



How Many Particles?

Some materials have a distribution such that SD/Mean ~ 1.  
To obtain reliable mean values, measure ~1500 particles.
To obtain more details about the distribution, (10x?) more particles need to be measured.  



Concluding Comment

• Image Analysis is good for…
• Replacing Sieves
• Size
• Shape
• Supplementing other techniques

• Watch out for…
• Sample preparation
• Sampling technique (representative aliquote)
• Material behavior
• Measure enough particles



Thank you!

Send us a chat or email us: Labinfo@horiba.com
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