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APPLICATION NOTE

Measuring Oversized Particles in Recovered Carbon Black
with picoG-lite

The picoG-lite powder analyzer is a new instrument that detects oversized particles in
recovered Carbon Black (rCB) by measuring the particle mass in picograms (pg; 10"?g). The
instrument costs less than a laser particle sizer and can be used to characterize pelletized
samples as well. The highly accurate analysis of the product fineness can cut processing costs
by 15-30 €/t for regular rCB and by more than 100 €/t for ultra-fine grades.

What is recovered Carbon Black?

rCB is a new type of material that is generated by
pyrolyzing end-of-life tires in the absence of oxygen.
During the pyrolysis process, rubber is depolymerized, and
the carbon black filler is retrieved and can be reused.
However, this rCB is different from pristine carbon black
because non-volatile and mineral components (~ash) like
silica, sulfur, zinc, etc., also remain in the pyrolysis residue.
This ash tends to fuse the carbon black aggregates
together. Furthermore, some of the rubber is broken down
into amorphous carbon, also called carbonaceous
residues, which also act as glue between the once-isolated
particles. Those large, fused agglomerates act as weak
points in the rubber matrix and must be removed by
milling or another separation method.

A precise characterization of those large particles is
needed.

Figure 1: SEM image of an oversized rCB that was
formed by fusing ash and carbon black

How does the rCB analysis with picoG work?

The picoG-lite powder analyzer is a new instrument that

measures number-weighted distributions of particle mass.
For the analysis, rCB powder is dispersed in air, the e
separated particles are “shot” through a nozzle and hit a thin

piezo crystal. The oscillation of the piezo crystal generates a

measurable voltage from which the mass of the particle is

determined in picograms (pg; 102 g). (more details)

For the analysis of rCB, affordable and mechanically robust
piezo crystals are used with a lower detection limit of 60 pg,
which is sufficient to focus exclusively on the problematic
oversized particles in rCB.

Figure 2: Close-up of the measurement cell
installed in a prototype with clear housing
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What are the limitations of Laser diffraction size analysis?

Currently, the best method to characterize those oversize particles is the D97 measured with
laser diffraction size analysis (97-percentile of the size distribution). There are ongoing efforts
in the ASTM Committee D36 on Recovered Carbon Black (rCB) to develop a standard test
based on this method.

However, rCB itself is a heterogeneous material, where small and large particles have
different chemical compositions and structures. Neither the Fraunhofer nor the Mie
scattering model can describe the interaction of such a complex mix of particles with laser
light accurately. Further, each type of laser diffraction size analyzer uses a different optical
measurement cell and relies on different algorithms to interpret the scattered light.
Instrument comparisons have shown that for an rCB sample that was milled to an average
D97 of 10 pm, different laboratories reported values between 8 and 12 um.

Defining a standard measurement protocol does improve reproducibility and precision. The
accuracy cannot be improved beyond a certain point, as there are systematic errors arising
from the inherent complexity of rCB and the different instrument design. Also, rCB particles
are not round.

Economic implications of the "uncertainty tax".

The +20 % uncertainty in particle size can be converted into the product value or the energy
expenditure of milling operations. The energy needed to mill rCB climbs steeply as the target
D97 shrinks. Each additional pm of fineness costs disproportionately more than the last,
which makes over-milling rCB costly.

For example, a reduction in the D97 from 11 pm to 9 pm can require 150 kWh/t of electricity,
depending on the rCB type and the used mill. However, this size difference is also well within
the error range for the accuracy of laser diffraction size analyzers. This leads to a situation
where rCB producer A measures a “right” D97 value and concludes that the rCB quality
meets its standard. At the same time, rCB producer B has to spend an extra 15 - 30 € per
ton rCB for the electric energy (10-20 ct/kWh) because their size analyzer provides
comparatively high D97 values.

At large particle sizes (D97 > 20 pm), this “uncertainty tax” is comparatively low, but it can
quickly rise to 120 €/t if the target D97 is below 5 pm. This problem gets amplified by the
fact that laser diffraction becomes increasingly unreliable at small sizes, as Mie theory would
be required for the data analysis.

Size analysis on pelletized rCB

Pelletized rCB cannot be properly analyzed with laser diffraction size analysis. The expected
standard on rCB size analysis states that the analysis has to be conducted on dry powder,
which specifically excludes pellets.

The underlying challenge is that once pelletized, the initially separated rCB particles cannot
be completely isolated again. After the depelletization, a certain amount of pellet fragments
remains among the isolated rCB-particles. Laser diffraction size analysis measures volume-
weighted distributions and is therefore highly sensitive to the few but large pellet fragments.
For the depelletized sample, the D97 is typically too high. picoG-lite is counting single
particles and is therefore intrinsically more sensitive to the isolated rCB-particles. Pellet
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fragments are also detected, but as their total number is comparatively low, their presence
only has a negligible effect on the measured results.
With picoG-lite, the inspection of incoming rCB gets a lot easier.

Detection of oversized and non-dispersible particles in rCB with picoG-lite
The particle mass is an intrinsic property of every particle. The mass is independent of the
particle's composition, refractive index or structure, unlike an equivalent diameter. The
particle mass allows for an unbiased and accurate size determination that is independent of
the measurement instrument.

A typical analysis takes 2-4 minutes during which the mass of up to 100.000 single particles
is recorded. This yields a histogram of the abundance of particles of a certain mass, i.e., a
number-weighted distribution of the particle mass. In Figure 3, measured results for a fine
and coarse rCB are shown. The Y-axes indicate the signal intensity (= particle concentrations
in air) at a defined dispersion procedure.

The curves for the finely milled and coarse rCB differ markedly. The fine rCB contains almost
no particles with masses above 150 pg, which results in a rapid drop in signal intensity. In
contrast, the coarser rCB contains particles that are heavier than 2000 pg.

To better understand the unit “picogram”, one can calculate particle diameter from the mass
under the assumption that the particles are spheres and have a density of 1.5 g/cm?
(secondary X-axis). However, this equivalent diameter is different from the Laser-diffraction
results and should not be confused.
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Figure 3: Detecting oversized particles in fine and coarse rCB powders

We analyzed numerous rCB powders from different producers in the same manner. To
compare results, all number-weighted distributions were normalized to the signal intensity
at 100 pg (~5 pm; 1.5 g/cm3), which is an arbitrarily chosen value.

For the rCB samples, D97-values were provided by the sample producers. There is a strong
correlation between the rCB fineness and the rate at which the signal intensity in picoG-lite
drops (Figure 4). To avoid comparing curves and breaking down the result to a single
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parameter, we extract the particle mass at which the signal intensity dropped to 50 % or
10% of its start value. Those p0.5 and p0.1 values can be used to substitute the D97.

Signal intensity
normalized to start value 100 pg / ~5 ym
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Figure 4: Comparison of differently milled rCB by their content of oversized particles.

Generally, there is a correlation between the p0.1 and p0.5 values and the D97 from laser
diffraction size analysis (Figure 5). However, the D97 cannot be determined accurately
enough to act as a universal yardstick. A quick first solution is to account for the different
laser diffraction instruments to define p0.1/0.5 - D97 correlation curves for each instrument
type. A second long-term solution is to use the p0.1 and p0.5 to define rCB size classes,
which were already proposed by the ASTM D36 committee (WK71958) (dashed lines, Figure

5).

rCB size classification - proposal for quality standard WK71958

size class: 1 2 3 4 5
D97: 7.5 ym 17.5 ym 22.5 pm

9)

-12

Particle mass / picogram (pg, 10

Unveiling structure

1000

74
64
5
44

34

24

100

picoG-lite vs. laser diffraction - D97
® p0.1mass @ p0.5mass

I
I
I
1 -
I
I
I

-
-

-
-

I
I
I
I
I
I
I
I
I
-

L -

- @

Figure 5: Comparison of p0.1 and p0.5 values with the D97 from laser diffraction.
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How to purchase picoG-lite?
picoG-lite is currently in development and can
be preordered.
e Areyou planning to monitor rCB quality
online?
e Do your particle size analysis results
differ from instrument to instrument?
e s a laser particle sizer too expensive?
e Do you plan to operate multiple
production lines across multiple
locations?
If you answered “yes” to one or more questions, then picoG-lite is the right choice for you.

2 PicoG lite

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