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Introduction
Process Analytical Technology, or “PAT” is the term given to analytical instruments developed to
measure certain attributes of product within the manufacturing process, eliminating, or substantially
minimising the need for sampling for off-line analysis. This approach has several key advantages over
traditional off-line analysis methods and includes process measurements in situ with instant access to
data which facilitates rapid decision making during both product development and manufacture.
While the time between sampling and off-line results may range from minutes to days depending on
the test being performed and the analytical structures in place, many PAT systems are capable of realtime measurement results enabling control decisions to be made based not just on a process recipe,
but also on the true critical quality attributes (CQAs) of the material at that point in time. This allows
for a more dynamic process, compensating for variabilities such as raw material variations or
mechanical wear in processing components, and supports compliance with newer QA initiatives such
as continuous verification. Additionally, the automated nature of PAT allows for greater data
generation with minimal operator time when compared to testing samples at-line or off-line.
Particle size and control of end-product particle size distribution (PSD) is of importance in a wide range
of industries where particle processing is performed. This study investigates the applicability of PAT
for measurement of particle size of product material from the agricultural and chemical industries.
The materials measured included; fertiliser pellets, coated plant seeds and a precious metal catalyst.
Particle size and PSD is critical in fertiliser production as it impacts spread width and spread width
uniformity while the amount of coating material applied to vegetable seeds will also impact the
positioning of the seed. These are both important factors in terms of crop yield [Fulton, Port 1]. Particle
size plays an important role in the activity and selectivity of precious metal catalysts and so is an
important attribute to be taken into consideration when developing a reaction process [Muroi 2].
In the course of this study particle size analysis was performed on samples representative of the
typical commercially available materials using an Innopharma Technology Eyecon2™ particle analyser.
In at-line configuration. Data from At-line analysis of samples provides good confidence that
implementation of Eyecon2 for in-line particle size analysis would be successful for these and other
similar materials.

Experimental Plan (Procedural Outline)
The objective of this study is to examine the ability of the Eyecon2 to accurately analyse particle size
range of 2 – 5 mm particles with varying size distribution, shape and colour.
Samples were measured using the Eyecon2 in its at-line (benchtop) configuration. Samples were mixed
to ensure uniformity and to remove any segregation which may have occurred during transportation
ahead of sub-sampling. Sample trays were filled and placed under Eyecon2 for analysis (Images 1 – 4).
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Eyecon2 results were compared with sieve analysis data which accompanied the samples. As some
samples were supplied without any accompanying particle size information, ImageJ analysis was
performed. Sample images captured by Eyecon2 were used for ImageJ particle analysis, where particle
size is determined by manually measuring the diameter of each whole particle per image and
calculating the D10, D50 and D90 for these measurements.
Results from Eyecon2 analysis are subsequently compared to sieve analysis/ImageJ data.

Materials & Equipment
Materials
Three material types formed the samples for this study. These materials were; green catalyst material,
sample A, coated plant seeds, sample B and pelletised fertiliser material (5 variations), sample C.
Table 1: Details of materials included in the study

Sample
A
B
C
D

Material
Catalyst
Coated Plant Seed
Fertiliser
Fertiliser

Colour
Green
Off White
Red
Grey

No. of Variations
1
2
2
3

The samples can be seen in Images 1 – 4. The material also varied from smooth, spherical coated
material to coarse, irregularly shaped granulate.

Image 1: Green catalyst material – Sample A

Image 2: Off-white coated material – Sample B

Image 3: Red fertiliser material – Sample C

Image 4: Grey fertiliser material – Sample D
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Analytical Instrument
The Eyecon2 from Innopharma Technology was used as a means of at-line particle size measurement,
investigating the potential for particle size measurement PAT implementation in precious metal
catalyst, coated plant seed and granulated fertiliser manufacturing processes. The Eyecon2 is a directimaging particle analyser which captures images of flowing or static material, and through advanced
image analysis can return data on the particle size distribution and shape of the material. The Eyecon2

Figure 2 – Eyecon2 in-place on the product container window

Figure 1 –Eyecon2 in benchtop configuration

has application in processes including fluid bed granulation & coating, milling, twin-screw granulation
and material transfer and can be used to significantly reduce analytical time and increase process
knowledge from development to commercial manufacturing.
As the Eyecon2 is a non-product-contact device, during in-line analysis, interfacing is achieved by
placing the Eyecon2 at a view port window in the product container or product transfer system, where
dense images of the in-process material can be captured, maximising the number of particles captured
per image, and therefore providing accurate, representative measurement of the material particle
size distribution. Figure 1 shows the Eyecon2 mounted in-line on Fluid Bed equipment, while Figure 2
shows the Eyecon2 in its benchtop configuration, as used for this study.

Sieve Analysis
The particle measurement method of sieve analysis is a long-established industry standard in fertiliser
production. Sieve analysis is a method passing material through a series of screens or sieves with
decreasing mesh sizes to sort a large quantity of particles into different size ranges and therefore
determine the D-values based on the mass of material collected in each range.

ImageJ
ImageJ is an image analysis software which, during this study, has been used to measure the diameter
of particles in an image. A sample of the images captured by Eyecon2 during its analysis were taken
for ImageJ analysis. The software determines the diameters based on a cord being drawn across a
particle and through its centroid, measuring the distance from edge to edge. All cords were drawn
horizontal to a set frame of reference for consistency of measurement. These diameters were taken
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and, with the particles assumed to be spherical, used to determine the volume of each particle. This
method allows for the calculation of D-values and comparison with other measurement methods.

Results & Discussion
As the samples A and B did not come with any associating particle size data, analysis was performed
on the Eyecon2 captured images using ImageJ software. This method allows measurement of particle
diameters for D-value calculation and comparison with Eyecon2 results. Samples from supplier C were
accompanied by sieve analysis data, this data was used for comparison with Eyecon2 results for the 5
samples.
Samples of the images captured by Eyecon2 during analysis can be seen in Images 5 – 8.

Image 5: Green catalyst material as seen by Eyecon2

Image 6: Seed coated material as seen by Eyecon2

Image 7: Red fertiliser material as seen by Eyecon2

Image 8: Grey fertiliser material as seen by Eyecon2

Beyond the ability to measure particle size and shape, images of the measured material are also
provided to the user in the Eyecon2 user interface. These images provide the operator or development
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scientist a visual indication as to the particle presentation and allow a qualitative judgement to be
made on the condition of the process in combination with the quantitative size data.

Sample A
With some optimisation of Eyecon2 illumination settings, to account for the green colouring of the
sample, images of the sample were captured for image analysis parameter optimisation. As there was
no accompanying PSD information for this sample, ImageJ software was used to manually measure
particle size of the material from the Eyecon2 captured images. Using this information, the Eyecon2
measurement settings could be optimised for sample A material. The material was then analysed by
Eyecon2, the results of which can be seen in Figure 3 below.

Sample A
Sample A_ImageJ

Sample A_Eyecon
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Figure 3: Sample A material - Particle size

A large degree of similarity can be seen between the two measurement methods results with the
Eyecon2 D50 being within 94 µm of the ImageJ result.

Sample B
Similar to Sample A material, as there was no accompanying PSD information for Sample B material,
ImageJ software was used to manually measure particle size of the material from the Eyecon2
captured images. Using this information, the Eyecon2 measurement settings could be optimised for
sample B material. The material was then analysed by Eyecon2, the results of which can be seen in
Figure 4 below.
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Sample B
Sample B_ImageJ
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Figure 4: Sample B material - Particle size

Significantly similar results can be seen between the D50 results for ImageJ and Eyecon2 measurement,
with Eyecon2 measuring within 55 µm of ImageJ.

Samples A & B Eyecon2 - ImageJ Comparison
To verify Eyecon2 results a comparison was made to the ImageJ analysis performed. The D10, D50 and
D90 values from each of the measurement methods for both samples A and B were compared, as can
be seen in Figure 5.
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Figure 5: Eyecon2 - ImageJ Correlation

On comparing the D-values for the two measurement methods, an R2 = 0.925 is calculated. This result
shows strong correlation between the two measurement methods. This correlation shows agreement
between the Eyecon2 and ImageJ measurement methods and provides affirmation of the Eyecon2
results.
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Sample C & D
Sample C and D had 5 variations, 2 colours, and included sieve analysis data with a determined D50
value for each variation. This value can be compared with the Eyecon measured D50 values, as seen
in Figures 6 – 10, Eyecon D10 & D90 values are also included.
Variation 1
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Figure 6: Sample C, Variation 1 - Particle size
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Figure 7: Sample C, Variation 2 - Particle size
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Figure 8: Sample D, Variation 1 - Particle size
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Figure 10: Sample D, Variation 3 - Particle size

Along with the sieve analysis D50 result, the potential D50 range, determined based on the sieve mesh
sizes used during the sieve analysis, is represented on each graph as an error bar. This is perhaps a
more appropriate way to compare a measurement result to sieve analysis results as a single figure Dvalue from sieve analysis can only be determined through interpolation, with which accuracy is
dependent on the resolution of the sieve analysis and on the number of sieves used. It is more correct
to say that the D50, calculated from sieve analysis, is within a range rather than a single figure. The
sieve analysis D50 range and Eyecon2 analysis D50 results can be seen in Table 2.
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Table 2: Sieve Analysis & Eyecon2 D50 results

Sieve Analysis
Eyecon2

V1
2800-3150
3157.19

V2
3550-4000
3738.35

V3
2500-2800
3189.06

V4
2800-3150
3240.55

V5
3550-4000
3607

Grading these results by colour, the agreement of eyecon2 results to sieve can be clearly seen.
Eyecon2

+7.19

Within
range

+389.06

+90.55

Within
range

Where green indicates Eyecon2 results within the sieve analysis D50 range, orange is within 100 µm
of the sieve analysis D50 range and red is beyond 100 µm. The Eyecon2 results tend to be either within
range (samples 2 & 5) or larger than Sieve analysis results, this is as one would expect based on what
is already known on how the two measurement methods determine size [Innopharma Technology 3].

Sample C & D Eyecon2 – Sieve Analysis Correlation
The results measured by Eyecon2 were compared with the supplied sieve analysis data for Samples C
and D variations. The D50 for each variation was compared and graphed in Figure 11.

Eyecon_Sieve Analysis Correlation
3800
y = 0.5962x + 1533.4
R² = 0.9314

Eyecon D50 (µm)

3700
3600
3500
3400
3300
3200
3100
2500

2700

2900

3100

3300

3500

3700

Sieve Analysis D50 (µm)
Figure 11: Eyecon2 – Sieve Analysis Comparison

On comparing the D-values for the two measurement methods, an R2 = 0.931 is calculated. This result
shows strong correlation between the two measurement methods. This correlation shows agreement
between the Eyecon2 and Sieve Analysis measurement methods and provides further affirmation of
the Eyecon2 results.
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Conclusions
•
•
•

The Eyecon2 can accurately analyse particle size of 2 – 5 mm particles with varying
distributions, shape and colour.
Eyecon2 results correlate well with both ImageJ and Sieve Analysis results, providing
substantiation to the Eyecon2 results.
The study demonstrates potential for Eyecon2 to be applied in-line using an appropriate
interface.
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