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One of the main challenges facing pharmaceutical 
companies is achieving unique particle size 
distributions for their products. This is important for 
both pharmacokinetic considerations and for raising or 
circumventing patent barriers. 

However, traditional micronization methods can make 
it difficult for formulators to achieve the desired particle 
size distribution and consistency. It is often not possible 
to reach the desired particle size distribution only by 
influencing the two main micronization parameters 
(Feedrate and pressure).

In this white paper, we will explore how the combination 
of a spiral jet mill with an in-line dynamic classifier can 
help overcome these challenges and achieve specific 
particle size distributions.

ABSTRACT
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ANALYZING THE USE OF THE SPIRAL JET MILL IN COMBINATION  
WITH DYNAMIC CLASSIFIER FOR IMPROVED MICRONIZATION

Spiral jet mills are widely used in the micronization 
process of powders because they allow for an excellent 
degree of particle size reduction and a restricted particle 
size distribution. These devices utilize compressed gas 
to generate high-speed jets that impact the particles, 
which results in a precise and consistent reduction in 
particle size. The design of spiral jet mills, with no moving 
mechanical elements, makes them robust and reliable.

The dynamic classifier, on the other hand, is a powerful tool 
for achieving precise particle size separation. It consists of 
a cylindrical body with a fluidized bed inside and a rotating 
classifier at the top, as well as a side inlet for dry powder. 
The high-speed rotation of the classifier separates particles 
based on their mass, allowing for the removal or separation 
of specific particle sizes from the final product.

The dynamic classifier is also effective in removing 
agglomerates or un-micronizable particles from the 
final micronized powder. The cut of the particle size 
distribution is determined by a series of parameters, 
such as the rotation speed of the classifier, the airflow of 
the fluidized bed, and the air barrier flow that covers the 
rotating classifier.

The powder enters the dynamic classifier and is fluidized 
inside the machine, allowing particles with different mass 
and size to be separated by the rotating classifier. The 
larger particle size distribution is collected in the tank 
beneath the classifier, while the smaller particles are 
carried by the gas flow into a cyclone filter, where they are 
collected. This results in a highly precise and consistent 
final product, with a specific particle size distribution.

The pharmaceutical industry is constantly evolving and 
facing new challenges. One of the most important aspects 
of drug development is the micronization process, where 
the particle size of a drug substance is reduced to improve 
its bioavailability and efficacy. However, achieving the 
desired particle size distribution can be a significant 
challenge for pharmaceutical companies. Unique particle 
size distributions are crucial for a variety of reasons.

Firstly, the particle size distribution of a drug can greatly 
impact its pharmacokinetics, which is the study of 
how a drug is absorbed, distributed, metabolized, and 
eliminated by the body. A specific particle size range may 
be necessary for a drug to be effectively absorbed and 
utilized by the body.
Secondly, the pharmaceutical industry is highly competitive, 
and achieving a unique particle size distribution can be a way 
to create or circumvent patent barriers. A unique particle 
size distribution can be a valuable asset for a company, 
providing a competitive advantage and protecting their 
product from generic competitors.

To summarize the challenges:
 

 Reaching unique particle size distributions is hard to 
achieve in the micronization process because most 
commonly used machineries (spiral jet mills) do not 
allow specific cuts in particle size, but simply reduce 
the particle size of the whole distribution.

 Pharmaceutical companies want a unique particle size 
that relates to particular possible patents. It would be 
a great protector from generics, who typically aim to 
replicate products. At the same time generic producers 
aim to achieve specific particle size distributions which 
may not be covered by patents. 

 
 Achieving a product with a particle size that is 
homogenous with consistent separation of fine particles 
from coarse particles to create a high quality, final product 
can be highly challenging with stand-alone spiral jet mills.

CONTENT



OBTAINING UNIQUE PARTICLE SIZE DISTRIBUTIONS, THROUGH DYNAMIC CLASSIFICATION APPLIED TO SPIRAL JET MILLS 
WHITEPAPER SCHEDIO SA - FEBRUARY 2023

The effectiveness of the separation capabilities from 
the dynamic classifier device was verified with trials that 
processed both micronized and raw industrial-grade talc 
powder. Following the trials, observations (depending on 
the process parameters set) showed that it is possible to 
obtain a mass yield value of the fine particulate, between 
60% and 90% of the total powder injected in the system. 

Also, it was able to verify (with help of the dynamic 
classification), there is a significant reduction in terms 
of d10[μm], d50[μm], and d90[μm] values between the 
powder collected in the tank, dedicated to the coarse 
particles and the tank dedicated to the fine particles, 
along with the reduction between the granulometries, that 
reached values up to-17%. 

Schematization of the system

BUT COULD A CLASSIFIER WORK DIRECTLY IN LINE WITH A SPIRAL JET MILL? 

By taking advantage of the gas flow in the spiral jet mill, 
it is possible to convey the micronized product directly 
into the classifier, before the product is actually separated 
from the process gas in the cyclone filter. 

Our research has first and foremost verified the efficacy 
of a dynamic classifier on a micronized product and 
secondly verified its capability to be installed in line with a 
standard spiral jet mill.  

To help with quantifying and evaluating the separation 
of the finer particles from the coarse particulate, the 
following parameters were considered:

 Initial PSD [d10, d50, d90] of the powder
 Velocity [RPM] of the dynamic classifier
 Flow [l/min] of the fluidized bed

To optimally determine the degree of separation of the finer 
particles from the coarser ones, it is necessary to know 
the PSD of the powder that is introduced into the classifier, 
therefore the decision to split the test in two different phases: 

Phase 1: Micronization of dry powder (Talc) through a 
spiral jet mill, with different set of parameters (feedrate 
and pressures) and analysis of each of the results in order 
to obtain different particle size distributions to be then 
classified in phase 2. 

Phase 2: Use the previously micronized powder (from 
phase 1), to check the performance of the classifier, 
testing different parameters such as different inlet 
particle size distribution, different classifier speeds, and 
different fluid bed flow values. The powder from phase 
1 has been injected into the dynamic classifier through 
a venturi system properly sized in order to replicate the 
airflow generated from a spiral jet mill. 

The goal of this phase was to evaluate the effectiveness 
of the dynamic classifier in separating fine particles from 
coarse particles, and to determine its ability to produce a 
desired particle size distribution.
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TRIALS EXECUTIONS

A Design of Experiment (DoE) has been carried out to 
investigate the effect of various process parameters on 
the performance of the spiral jet mill and dynamic classifier 
system. The DoE consisted of 19 trials, which were 
designed to systematically vary the process parameters 
and measure the resulting effect on the final particle size 
distribution. The process parameters involved in this phase 
of the study are as follows:

 Reference run: A reference run is a set of measurements 
made with the system operating under a set of 
predetermined conditions that serve as a baseline for 
comparison with other runs. This allows for a clear 
understanding of how the system behaves under 
different conditions.

 Classifier speed: The classifier speed is an important 
parameter that affects the performance of the dynamic 
classifier. It determines the rate at which the particles 
are separated based on their mass, and can have a 
significant impact on the final particle size distribution.

 Flow rate of the fluidized bed: The flow rate of the 
fluidized bed is another important parameter that 
affects the performance of the dynamic classifier. It 
determines the rate at which the powder is fluidized 
inside the machine, and can have a significant impact 
on the effectiveness of the particle separation process.

The 19 trials were designed to systematically vary the 
process parameters, and the performance of the system 
was measured after each trial. 

This allows for the identification of the optimal parameter 
settings for a given product and desired particle 
size distribution, as well as the understanding of the 
relationship between the process parameters and the 
performance of the system.
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RESULTS 

Our final considerations and the average and approximate 
percentage values of the results: 

 As the rotor speed increased, the PSD of classified 
powder was significantly finer than unclassified powder. 
This implies a correct functioning of the system under 
the tested conditions

 
 As the flow rate of the fluidized bed increased, a greater 
quantity of particles was directed towards the classifier, 
resulting in a higher amount of classified particles 
which could be the finer or also the coarser fraction of 
the product entering the classifier, depending on the 
speed of the rotor.

 According to the particle size distribution of the 
processed powders and the rotor speed, at normal 
operating conditions it is possible to classify up to 40% 
of the total powder injected in the system, obtaining 
two distinct particle size distribution curves.

Tests using industrial grade talc were carried out. Figure 
1 shows the particle size distribution of the raw material, 
while figure 2 shows the two particle size distribution 
after the classification process: a greater one, which 
represents the product collected below the dynamic 
classifier (tank 1), and a finer one, which represents the 
particles collected in the cyclone filter, after the dynamic 
classifier (tank 2).  

The results displayed below have been obtained with a 
classifier speed of 14’000 Rpm, out of range that can 
go as high as 23’000 rpm. Raising the classifier speed, 
further enhances the distinction between the two 
resulting particle size distributions. 

x10 = 2.27 µm
x16 = 3.22 µm

SMD = 5.47 µm
Sv = 1.10 m2/cm3

x50 = 11.14 µm
x84 = 29.48 µm

VMD = 15.74 µm
Sm = 4044.25 cm2/g

x90 = 36.11 µm
x99 = 62.29 µm
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Figure 1: Inlet PSD Curve

Figure 2: Not Classified on the Left and Classified on the Right

Frequency (compatible) and Undersize
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d10 d50 d90

Raw material 2.27 µm 11.14 µm 36.11 µm

Tank 1 (coarse fraction) 3.02 µm 10.3 µm 34.8 µm

Tank 2 (fine fraction) 1.91 µm 4.25 µm 8.87 µm

d10 d50 d90

Particle size distribution  
difference between tank 1 and 
tank 2. When in-line with the 

- 14.5% - 17.8 - 16.4 %

Furthermore, the same set of tests conditions have been 
replicated with a dynamic classifier assembled directly 
in line with the spiral jet mill,  processing talc at standard 
testing conditions in order to obtain a fine powder (d100 
< 15 µm). 

The product collected after the dynamic classifier (tank 
2) was reduced in its particle size distribution due to the 
presence of the intermediate classification, obtaining a 
reduction of d10, d50, and d90 values [AVG %] between 
classified and non-classified powder:

WHAT’S NEXT?  

As next step, it is important to conduct trials on a wider 
range of products to verify the effectiveness of the spiral 
jet mill and dynamic classifier system. This will provide a 
comprehensive evaluation of the system’s performance 
and potential for improvement in different scenarios. 
Some additional steps that can be taken to improve the 
system further include:

1. Testing at different scales on the same product: In 
order to produce reliable scale-up factors for process 
industrialization, it is important to test the system at 
different scales on the same product. This will help to 
identify any potential issues or challenges that may 
arise when scaling up the process, and to optimize the 
system’s performance for large-scale production.

2. Conducting long-term testing: To evaluate the stability 
of the system over time and its performance under 
continuous usage, it is important to conduct long-
term testing. This will help to identify any potential 
issues or maintenance needs.

3. Investigating alternative process configurations: It is 
important to explore different configurations of the 
system, such as using different types of jet mills, also 
to explore the use of multiple classifiers in series, and 
to explore the use of alternative fluidization methods. 

4. Verifying the shape of the selected particles: The 
shape of the selected particles should be verified 
too, as it may have an impact on the final product 
characteristics and performance.

5. Investigate the possibility of using artificial intelligence 
and machine learning algorithms to optimize the 
system’s performance.

6. Consideration of the product characteristics: It is 
important to take into account the characteristics 
of the product, such as its chemical properties, 
moisture content, and particle size distribution, as 
these can have a significant impact on the system’s 
performance.

By conducting trials on a wider range of products and 
under different conditions, and taking the above steps, 
it is possible to improve the yields and classification 
performances of the spiral jet mill and dynamic classifier 
system. 

It is important to test the system on as many products as 
possible, to ensure its robustness and versatility, and to 
be able to apply it in a broader range of applications.
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CONCLUSIONS  

In conclusion, the results obtained from the Design of 
Experiment (DoE) that was conducted to investigate the 
effect of various process parameters on the performance of 
the spiral jet mill and dynamic classifier system, have shown 
that the system is able to effectively produce unique particle 
size distributions. The final considerations and the average 
and approximate percentage values of the results are:

 As the rotor speed increased, the PSD (particle size 
distribution) of classified powder was significantly finer 
than unclassified powder. This implies that the system 
was functioning correctly under the tested conditions 
and that the classifier was able to effectively separate 
the fine particles from the coarse particles.

 
 As the flow rate of the fluidized bed increased, a greater 
quantity of particles was directed towards the classifier, 
resulting in a higher amount of classified particles. This 
suggests that the flow rate of the fluidized bed is an 
important parameter that affects the performance of 
the dynamic classifier.

The results of this study provide valuable insights into 
the behavior of the spiral jet mill and dynamic classifier 
system and how the process parameters affect its 
performance. These findings can be used to optimize 
the system’s performance for a given product and 
desired particle size distribution, and to produce reliable 
scale-up factors for process industrialization. This study 
also shows that this system is a powerful tool for the 
pharmaceutical industry to achieve unique particle size 
distributions and reach specific pharmacokinetics from 
which the patients will be the final beneficiaries. 

WANT TO KNOW MORE?  

If you wish to learn more about the study on the 
combination of a dynamic classifier in line with a spiral jet 
mill for pharmaceutical application, please do not hesitate 
to enquire us. We would be happy to share more details 
of the study with you. We can provide you with additional 
information on the methodology used, the results obtained, 
and the conclusions drawn from the study. We can also 
provide you with access to the raw data, figures, and tables 
that were generated during the study. 

Additionally, we can discuss any potential collaboration 
opportunities or answer any questions you may have 
regarding the study. We are committed to advancing the 
field of pharmaceutical micronization and we believe that 
this study can be of great benefit to the industry
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