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How does the PowMaster work?

A brief introduction

The mass of a single particle is an intrinsic and fundamental property of every particle. When
measured directly, it is a useful metric for describing particle size.

So far, particle size is synonymous with “diameter”, but looking at the SEM-images of real
particles, it becomes clear why a particle diameter of, e.g., 400 nm describes its size E)oorly.
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Figure 1 SEM images of materials that have been analysed with the PowMaster instrument.

Particles have defined geometric dimensions that can be approximated by an equivalent
diameter. Since each type of instrument uses a different method for this approximation, they
deliver different numbers for the sample particles.
1) There is no “true particle diameter” for non-spherical particles. The results are always
dependent on the measurement methods.
2) The particle mass is independent of the particle shape, chemical composition or
optical properties.
3) Combining the true particle mass with an estimate of the particle diameter allows the
calculation of particle densities and the description of their structure.

Measurement concept of the PowMaster

The PowMaster uses two independent non-optical measurement concepts to measure the
mass and diameter of single particles. To measure the particle mass, the instrument relies on
the so-called centrifugal particle mass analysis. Aerosolized and electrically charged particles
are guided through the slit between two concentric spinning steel cylinders (Figure 2, left).
The particles experience a centrifugal force, which is counterbalanced by the electric field
between the outer and inner cylinder. This allows for the separation of particles based on
their mass-to-charge ratio, not dissimilar to mass spectrometry. In a second step, the charged
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particles are electrophoretically separated in air. Based on the particle's electrical mobility
(inverse drag-force coefficient), the mobility diameter is calculated (Figure 2, right). In a third
step, the particle concentration is determined with a particle counter, and their charging
state is measured with two electrometers.
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Figure 2: Two independent measurement concepts inside the PowMaster analyser.

A practical example

A typical application for the PowMaster is the characterization of color pigments. In Figure
3, an exemplary result for a commercially available iron oxide pigment is shown. The steps
required to acquire this dataset are outlined below for a data point near the median of the
distribution.
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Figure 3 Particle mass, diameter and density for highly aggregated iron oxide particles.
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Sample preparation and aerosolization

The red pigment powder is dry-dispersed with a venturi nozzle. Inside this nozzle, the
particles are ripped apart by an air jet of 20 to 100 m/s. The separated particles are diluted
in air to a point where the average distance between particles is >100 pm, which effectively
prevents reagglomeration.

Charging of particles

It is now necessary to isolate Fe;Oj3 particles with a mass of 40 femtograms (fg; 10"°g) and a
diameter of 300 nm from the whole particle population and to count them.

For this, the aerosolized particles are guided through a unipolar diffusion charger (UDAC)
where they acquire an electrical charge roughly proportional to their (mobility) diameter. At
an ion-concentration-time-product Nit (~charging intensity) of 10' ions/(cm?s), the targeted
300 nm particles acquire 21 elemental charges (3.36:10¢ C).

Separating particles by their mass-to-charge ratio

In the centrifugal particle mass analyzer (CPMA), two concentric steel cylinders spin at
1700 rpm. Inside the 1-mm gap between outer and inner cylinder (ID: 120mm; OD 122mm),
the 40 fg heavy particles experience a centrifugal force of 7.7-10'* N. Consequently, the
particles would be deflected towards the outer cylinder, but the centrifugal force is
counterbalanced by an equally high electrostatic force in the opposing direction.

Between the inner and outer cylinder, a voltage of 23.1 V is applied, creating an electric field
of 23100 V/m. As the particles carry a charge of 3.36:10" C, the electrostatic force is
7.7-10" N. Particles with a different mass-to-charge ratio do not pass the CPMA unchanged
but deposit on the inner or outer cylinder. Of the total aerosol flow of 1 lpm, 0.35 lpm is
directed to a condensation particle counter (CPC) to measure particle concentration.[2]
Particle size analysis

The remaining 0.65 lpm are directed into the mobility separator (MSE), a stripped-down yet
significantly faster version of the differential mobility analyzer [3]. In the MSE, an external
electric field and a sheath flow are used to electrophoretically separate the pre-selected
particles into a fraction with a high electrical mobility and a fraction with a low electrical
mobility [4]. Both fractions are guided into separate Faraday cup electrometers. From the
MSE geometry, internal flows, the applied voltage and the electrometer readings, an
electrical mobility of 9.74-10® m?/(V-s) [5] is calculated. The electrometers measure a total
current of 1.93-10"* A, and the CPC counts 5400 particles per cm3. From those values and
the known flow rate, the average of 21 elemental charges (3.36:10"® C) per particle is
calculated. The particle diameter is then calculated from the measured electrical mobility.
Scanning throughout the full particle population

The outlined particle separation and detection procedure takes only a few seconds. By
constantly changing the rotational speed and voltages, the instrument rapidly scans through
the whole particle population. The final result is a number-weighted distribution of the
particle mass and diameter. From those two independently measured parameters, Particle
density, aerodynamic diameter and other properties are calculated.
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Figure 4: Flow scheme of analysis steps inside the PowMaster

For what can you use it?
The PowMaster excels at characterizing particles when traditional sizing methods fail to
provide true or useful results.
e Particles of undefined chemical composition and optical properties (color pigments)
e Measuring the mechanical stability of particles / TiO, core-particle with a silica-shell
e Quantifying the total number of nanoparticles per gram of pigment
¢ Online monitoring of production processes
e Measure agglomerate density to predict particle lung deposition
¢ Differentiate between aggregate and agglomerate structures
For more examples, see the application notes at https://femtog.com/#downloads
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Start using the PowMaster

If you are working with materials of unknown particle
size or having difficulties analyzing them, femtoG is
your solution. Our advanced particle analysis
technology offers unprecedented insight into
particle size, structure, and other parameters critical
for your material’s properties.

Contact us today:
@ info@femtoG.com
www.femtoG.com
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