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Introduction

The characterization of particulate systems, once dominated by only size analysis, is evolving. 
Users are realizing there is a need for a complete morphological analysis that includes both 
size and shape parameters for particles. The rapidly growing application of image analysis 
technology is providing research and industry with a greater set of parameters which can 
be used to discover, identify and solve problems which can’t be detected based on one size 
parameter alone. 

Particle size measurement by laser diffraction (LD) technology has become the most used 
technique, research and industry wide, among both suppliers and users of particulate 
systems. It’s become a de facto standard for outgoing and incoming size quality control, 
reporting the equivalent spherical diameter (ESD) in volume % over a typical range of less 
than 10 nanometers to 2-3 millimeters. 

Morphological measurement by dynamic image analysis (DIA) technology is gaining wide 
acceptance now as a very valuable complementary technology to laser diffraction. This 
paper describes the Microtrac Sync, an innovative instrument which combines LD and DIA, 
measuring one sample simultaneously in the same flow stream, in the same sample cell. 
 
Combination LD/DIA Instrument 

LD Technology

Smaller particles scatter coherent 
light over wider angles and at lower 
intensities than do larger particles. In 
LD, a coherent laser beam scatters 
light focused on a flowing stream 
of particles across multiple diode 
detectors situated at angles from 
0 to over 160 degrees from the 
incident light beam. The resulting 
light flux distribution measured by 
the detectors is used to calculate the 
size distribution which generated it.

DIA Technology 

Particles in a flowing stream, back lit by a high speed strobe light, are photographed by a 
high resolution digital camera to create a video file of images of the flowing particles. The 
pixel size of the camera and the number of pixels in the image are used to calculate a large 
number of size and shape parameters, along with a measure of light intensity from the 
particles. 

Figure 1. This photo shows the Microtrac Sync configured for 
wet analysis.
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Wet or dry, big or small, regular or irregular, think Sync. 

The FlowSync’s automated filling, de–aerating, pre-circulating and circulating operation 
means each sample is handled with a consistency that improves the repeatability of particle 
size distribution and shape data. The FlowSync’s fluid dynamics feature a built-in turbulence 
to ensure that all particles are moving constantly within the flow, negating the need for 
an external stirrer. An in-line ultrasonic probe with variable power disperses agglomerated 
materials to ensure consistent sample dispersion during measurements. The wash feature in 
the sample vessel ensures the walls of the vessel are thoroughly cleaned during the “rinse” 
cycle. This eliminates “carry-over” of material during repeated measurements.

The TurboSync’s primary function is to deliver a properly dispersed sample to the measuring 
cell allowing for consistent and repeatable particle size analyses of dry powders. Sample 
volumes can be as small as 0.1 cc. Ideal for applications where sample is expensive to 
produce or produced in small volumes. Compressed air and flow conditions settings allow 
the operator to achieve optimal dispersion usually associated with fluid dispersal systems 
for highly agglomerated materials such as alumina. Dispersion conditions can be fine-tuned 
for measurement of the most fragile materials. Measurement time is typically 10 seconds 
with the TurboSync autoscan.

The FlowSync and TurboSync feature a one-step smart disconnect/connect mechanism. 
Changing from wet to dry analysis mode requires no complicated wiring or tubing 
reconnection. Simply disengage one sample module and engage the other. Microtrac FLEX 
software facilitates programming of measurement cycles. Data is saved on the system PC or 
can be exported to user networks or LIMS systems.

Figure 2. The photo above shows both wet and dry Sync configurations. The two modules are seemlessly 
interchangeable.
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Laser Diffraction Measurement Results

The algorithms employed in LD have progressed from Fraunhofer Theory, first used, to Mie 
Theory, which takes transparency into consideration. The LD mode used in the Microtrac 
Sync utilizes a unique set of algorithms which also correct for the inadequacy of Mie Theory 
to compensate for particle shapes which are not spheres, to which Mie (or Fraunhofer) 
Theory is restricted. 

LD is the technology of choice across most industries for measuring size distribution to 
meet quality control specifications. It’s easy, fast and well established. A comprehensive LD 
size quality control report from the Sync is shown below in Figure 3. Clockwise from the 
upper left, there is the size distribution table, graph, standard operating procedure (SOP), 
measurement Information, size percentiles, and summary data. 

Figure 3. Laser diffraction measurement results in Microtrac‘s Flex software.
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Dynamic Imaging Analysis Measurement Results

Particle morphology, as measured by DIA, provides a great amount of additional 
complementary information regarding the physical properties of materials. In many examples 
the key properties of particulate systems, and/or the products manufactured from them, 
can change with no significant change in the LD size distribution reported. In most cases 
like that, morphological analysis will identify the problem and lead to a solution. 

Although the measurement technology of DIA is straight forward and simple to understand, 
the post measurement analysis used to identify and solve problems is very versatile and 
sophisticated. The remainder of this paper will describe the use of the post measurement 
DIA software features of the Sync. 

Table 1. Dynamic imaging analysis software features and descriptions.

SW Feature Description

X-Y Graph/Table Report graphical and tabular sizes and shapes distributions

Report shape values reported within each size fraction

Apply filters/classifications to distributions to quantify different 
components
Compare historical records

View Particles View complete image file, sorted on any parameter value

View camera frame shots

List all 33 size/shape parameters for any image

Report image file in spreadsheet format listing all values

Conduct searches for groups of images based on parameter values

Quantify searched-for groups relative to total sample measured

Apply filters/classifications to image file to quantify different 
components

Scatter Diagram Show position of every particle relative to X and Y axis selected 
parameters
Display complete size or shape distributions in either graph

Report summary data & percentiles for each parameter

Create quantified sub-distributions in scatter diagram itself

Apply filters/classifications to scatter diagram to isolate different 
components

Filter Function Set up to seven filters/classifications based on limits set on any 
number of morphological parameters
Incorporate filters/classifications into SOP to automatically isolate 
components
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DIA X-Y Graph and Table

The X-Y graph and table are shown in Figure 4. Curves can be plotted in various formats – 
linear, logarithmic, volume %, count %, differential, cumulative finer or coarser. Note that in 
DIA, each particle is measured separately, which gives infinite resolution, as in single particle 
counting, compared to ensemble techniques. This also allows very accurate measurement of 
the number (or count) %, compared to ensemble techniques which back calculate number 
distributions from volume distributions.   

View Particles

The View Particles display is given in Figure 4. The particles are a glass bead sample which 
contains fused beads, individual beads and sand. The three types of particles are pointed 
out in callouts 1, 2 and 3. The Search Particles button, 4, opens the Particle Query, 5. A query 
has been entered in that window which would include all particles with areas less than 10 
square microns and greater than a 2-micron area equivalent diameter. Callout 6 points to a 
search that is selected here, showing that the particles included in that search make up 99.91 
% by volume and 99.37 % by count. The Data tab, 7, opens the image file as a spreadsheet 
listing all particles in the rows and all 33 parameters in the columns. The Scatter Diagram 
display can be selected here.

Graph curves  and column numbers 1, 2 and 3 are length, width and 
area equivalent diameter, Da, referring to left Y-axis scale. Curves 
4 and 5, right Y-axis, are the sphericity and W/L aspect ratio, on 
scales from 0 to 1.0 where a sphericity of 1.0 is a perfect circle and 
a W/L of 1.0 is a 1:1 aspect ratio. They are given here for each size 
fraction. Column 6 is the particle count number in each size fraction.

Figure 4. The particles are rod-like crystals  which explains the low sphericity and W/L values. Up to six 
different historical records can also be shown here for comparison purposes.
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Figure 5. View Particles Feature: A workhorse of the software for method development, this feature 
provides a first point of examining the results of a measurement with convenient particle viewing and 
search capability.

Scatter Diagram

The Scatter Diagram (SD) is a 2-dimensional representation of the location of all particles 
relative to any two morphological parameters. It provides a fast way to note where multiple 
modes exist in the various distributions relative to the X- and Y-axis parameters, see Figure 
9. Here are two SD displays, Size vs Sphericity on the left and Size vs Transparency. Size 
is area equivalent diameter, Da. Dark blue areas are areas of higher concentration where 
modes occur. In each SD there are three distinct modes, as numbered. Mode 1 is a very 
fine size mode showing only a very small percentage of the total sample by volume and is 
considered to be broken pieces of beads from sample handling. The mode 2 size distribution 
is actually a bimodal mix likely of the individual beads centered just above 400 microns with 
a very high sphericity and fused beads ranging from about 500 to 1100 microns. Mode 3, 
with its much lower range of Transparency and lower Sphericity and size centered around 
300 microns, would be the sand.
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Figure 6. Diagrams: Any size or shape parameter can be selected for either the X or Y graph distribution 
display. This is a quick way to check for relationships between parameters that might indicate where 
distinctly different populations of components of a sample occur.

The Filter Function can be used to quantify the various components in a mix. Table 2. below 
was set to be applied to the glass beads measurement. Categories include Transparent 
Particles, Good Beads, Bad Beads and Sand. The original measured distributions are never 
lost. The filters can be applied individually following the measurement to quantify the 
components. The table can be added to an SOP and then applied to the measurement data 
without having to do individual searches for component identification.    

Table 2. Filter Function Table: Up to seven Filters and/or Classifications can be set, and can be added to 
the SOP to be useable upon completion of the measurement. Microtrac technical specialists are available 
to assist in setting up tables like this.
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Table 3. Morphological Parameters Reported: Parameters are listed here under their general categories of 
size, form, surface roughness and other (light transmission) factors. 

Summary:

• Laser Diffraction (LD) technology has for decades been the most used particle size 
measurement technology in industry and R&D. It’s fast, easy, robust, and well understood 
and established.

• Dynamic Image Analysis (DIA) technology is rapidly expanding in use to characterize the 
morphology, sizes and shapes, of particulate systems.

• DIA complements LD technology by providing information that might not often be 
apparent in LD analysis. 

• Image viewing, sorting, identifying, and quantifying components based on up to 33 
different size and shape measurements of every individual particle provides the analyst 
with a vast amount of additional information about their material systems. 

• A new instrument from Microtrac combines LD and DIA technologies into a single unit 
to simultaneously measure the same sample stream, in the same sample cell, in one 
measurement, in minutes.  


