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INFLUENCE OF ADDITIVES
ON THE ELECTROSTATIC CHARGE
BUILD-UP OF EXCIPIENTS

Here, Aurélien Neveu, PhD, Head of Laboratory and Applications at Granutools, Devang
Patel, PhD, Senior Research Scientist at Natoli Engineering Company, and Filip Francqui,
Managing Director, Granutools, present a study investigating the influence of additives on
the tribocharging behaviour of two excipients using Granutools’ GranuCharge instrument.

Good flowability is a key factor for numerous
powder processes, with the consistency of
the flow directly related to the final product
quality. However, when a powder flows, the
frictional contact between the particles creates
electrostatic charges via the triboelectric effect.
This charge build up induces an increase
in the strength of the electrostatic cohesive
interactions that contribute to the global
cohesiveness of the powder and therefore a
decrease in its flowability properties.

Moreover, charged particles tend to stick
to the surface of pipes and machine parts. A
non-negligible amount of material can thus
stay trapped in the conveying device, clog
pipes and induce undesirable variability of
the mass flow. In a 2021 study, Allenspach
et al' demonstrated the correlation between
the propensity of powders to accumulate
charge during their flow and the sticking of
particles at the output of a loss-in-weight
feeder. They demonstrated that high charge
density leads to heavy sticking and irregular
flow, and thus a significant overshoot
of the target mass flow. Therefore, the
relationship between the sensibility of a
powder to tribocharging is directly related
to its processing performance.

The addition of additives is a common
procedure in the pharmaceutical industry to
improve the properties of an excipient and
API blend. For example, mesoporous silica
has been shown to significantly improve the

flowability of excipients by both reducing the
capillary bridges between the particles and
producing a conductive network to efficiently
dissipate the charges throughout the material.?
However, additives of different nature are
generally used and a systematic evaluation of
their influence on the electrostatic behaviour
of the blend is still lacking.

In this study, the influence of three
common additives - Syloid® S244, Magnesium
Stearate (MgSt) and Aerosil® 200 — on the
tribocharging properties of two excipients
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— microcrystalline cellulose (MCC), Starch 1500® - was investigated.
The tribocharging characteristics of the blends were evaluated with
the GranuCharge instrument (Granutools), which evaluates the charge
build-up due to the flow through a set of SS316L pipes.®

EXPERIMENTAL METHOD

The tribocharging properties of the selected excipients were
investigated with GranuCharge (Figure 1). The main component
of this device is the Faraday cup, specifically designed to measure
low electrostatic charges in powders or granular materials. A set of
V-shape pipes is used to evaluate the tribocharging sensibility of the
powder during a flow. Numerous pipe materials are available (PVC,
teflon, copper, etc.) but stainless steel (SS316L) pipes were used in
this study. Both the pipes and the operator were grounded during the
measurement to avoid influencing the powder charge. A vibrating
feeder was used to pour the powder into the pipes.

The measurement protocol was as follows. First, the initial charge
density was determined, as it depends on the history of the powder
(production, transport, handling), and used as a reference to evaluate
the charge build-up after the flow through the pipes. After measuring
out 55 mL of the powder, the initial charge density (q0) was
measured by pouring the powder directly into the Faraday cup. Then,
the powder was extracted from the cup and placed in the vibrating
feeder. The sample then flowed through the V-shape stainless steel
pipes into the Faraday cup, allowing measurement of the final charge
density (qf). The charge density variation (Aq = q0-qf) due to the gain
or loss of electrostatic charges during the flow was then determined.
The measurement was repeated three times on fresh (unused) samples
to assess repeatability. In this study, the average computed over the
three tests was reported, with the error bars corresponding to the
standard deviation around the mean.

MATERIALS

Two excipients (MCC, Starch 1500®) and three additives (Syloid®
S244, MgSt, Aerosil® 200) were selected for this study. The blends
were produced for each excipient/additive combination for 0.5, 1 and
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Figure 1: GranuCharge instrument (Granutools).

2% wiw of additives. Therefore, the effect of each additive/exception
combination can be evaluated for the tribocharging properties,
as well as the influence of the amount of additive. Each excipient
additive combination blend was prepared by passing excipient
through a #25 mesh screen and additive through a #60 mesh
screen and then blended in a V-Blender at 15 RPM for 5 minutes.
The resultant blend was then used for further study.

Starch 1500 -6.62 x 10 -3.49 -2.83
Starch + 5244 0.5%  -5.61x10' -9.70x 10" -4.08 x 10!
Starch + 5244 1% -5.91x 10" -5.54x 10" 3.66 x102
Starch + 5244 2% -6.14x 10"  -3.36x10'  2.77x 10"

Starch + Mg St 0.5%  -6.03 x 10! -1.73 -1.12
Starch + Mg St 1% -4.37 x 10! -1.18 -7.46 x 10!
Starch + Mg St 2% -2.67x 10" -3.54 x 10! -8.72x102
Starch + Aer 0.5% -6.50x 10! -6.97 x 10! -4.62x10?
Starch + Aer 1% -480x 10" -6.99x10" -2.19x 10!
Starch + Aer 2% -3.22 x 10 -1.03 -7.08 x 10

-4.17 x 10 -4.41 -4.00

MCC + 5244 0.5% -5.99 x 10 -2.45 -1.85
MCC + 5244 1% -1,02 -1.71 -6.86 x 10!
MCC + 5244 2% -8.12x 10" -8.69x 10! -5.72x10

MCC + Mg St 0.5%  -7.21 x 10 -2.79 -2.07

MCC + Mg St 1% -9.41 x 10! -2.25 -1,31

MCC + Mg St 2% -4.53 x 10 -1.79 -1.34
MCC + Aer 0.5% -6.40x 10" -9.24x 10" -2.84x 10"
MCC + Aer 1% -4.09x 10"  -3.79x 10! 3.02x10
MCC + Aer 2% -3.59 x 10 -9.67x10 2.63 x 10"

Table 1: Initial charge density (q0), final charge density (qgf) and total charge build-up (Aq) measured with the GranuCharge for

the different blends.
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"Reducing the amount

of additives 1s usually
beneficial for reducing
production costs and easier
regulatory compliance.”

RESULTS AND DISCUSSION

The obtained initial and final charge
densities, as well as the charge build-up, are
reported in Table 1 for all excipient/additive
combinations. The charge density measured
for the raw excipient (without additives)
is also shown. The final charge density,
obtained after the flow through the stainless
steel pipes, is presented in Figure 2. After
the flow, the two raw excipients show a
high charge density of about -5 nC/g for the
MCC and -4 nC/g for the starch. The two
excipients demonstrate a high sensibility
to tribocharging, which is likely to induce
electrostatic-related processability problems.
Every combination of excipient/additive
leads to a reduction of the final charge
density. This reduction can be associated
either with a decrease in electrostatic charge
generation or a drastic increase in the global
conductivity of the material, allowing a
more efficient charge dissipation.

To highlight the beneficial influence of
the additive, the charge build-up reduction
(CBR) is presented in Figure 3. The CBR
quantifies the amplitude of the reduction
of the charge build-up due to the presence
of the additive compared with the charge
build-up obtained with only the raw
material. Therefore, a CBR of 50% indicates
that the charge build-up measured with
the additive is 50% lower than the one
measured for the excipient alone.

A significant reduction of the charge
build-up is observed with CBR >48% for
all excipient/additive combinations. This
confirms the usefulness of these additives
in reducing the electrostatic charging of the
blends. However, it was observed that the
effect of the additives is not the same for
the MCC and the Starch 1500. Indeed, the
Syloid S244 shows a stronger CBR when
associated with Starch 1500, resulting in
at least CBR >80% for the three tested
additives. An optimum CBR was obtained
for 1% of Syloid S244, but then the effect
decreased with increased content. Different
behaviour was observed with the MCC,
and a clear influence of the content of
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Figure 2: Charge density measured after the flow through the SS316L pipes for

different %w/w of the three additives.
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Figure 3: CBR for different %w/w of the three additives.

Syloid S244 was observed. At 0.5% of
Syloid S244, the CBR was about 55% but
drastically increases to 99% for 2% of
Syloid S244.

The MgSt shows a lower CBR for
both excipients, except for the Starch
1500 at 2% MgSt. For the MCC, a slight
increase in CBR is observed from 0.5%
to 1% MgSt but still a lower performance
compared with the Syloid S244 and the
Aerosil 200. For the Starch 1500, the

www.ondrugdelivery.com

CBR was strongly dependent on the
additive content, with a constant increase
up to 97% for 2% of MgSt. Therefore,
the performance of the MgSt on the Starch
1500 at a content of 2% is similar to the
Syloid S244 and the Aerosil 200.

Finally, the Aerosil 200 had a strong
impact on the CBR. In particular, the MCC
shows a CBR >90% for all additive content.
Reducing the amount of additives is usually
beneficial for reducing production costs
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and easier regulatory compliance. From
these results, it can be determined that
the Aerosil 200 is the additive that shows
the higher CBR for MCC at the lower
content (0.5%). However, for Starch 1500,
the effect of the Aerosil 200 is different
— at 0.5% of Aerosil 200, a high CBR is
observed (>98%), but a subsequent increase
of additive content leads to a decrease in
the CBR.

CONCLUSION

In this study, the influence of three common
additives (Syloid S244, MgSt, Aerosil
200) on the tribocharging behaviour
of two excipients (MCC, Starch 1500)
was investigated with GranuCharge. A
significant reduction in the charge build-up
of the blends was observed for all excipient/
additive
additives can exhibit different performance

combinations. However, the
in terms of charge reduction depending on
the excipient with which they are associated.
Furthermore, increasing the additive content
does not systematically improve the charge
reduction. In some cases, an optimum is
observed and higher additive content leads
to lower charge reduction.

These results highlight the importance
of systematic characterisation of the
influence of additives on the triboelectric
behaviour of powder blends. Indeed, the
complexity of the mechanisms involved
in tribocharging powders makes it very
difficult to predict what the charge build-
up will be. Fortunately, the GranuCharge

“These results highlight the importance of systematic
characterisation of the influence of additives on the
triboelectric behaviour of powder blends.”

instrument has demonstrated its ability to
evaluate the tribocharging ability of the
different blends. This study is a preliminary
work that opens up promising outcomes
for future investigation. In particular, it
is an ongoing study aiming to understand
more deeply the interaction between the
excipient and the additive particles that
leads to the CBR.
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Granutools  combines  decades  of
experience in scientific instrumentation
with fundamental research on powder
characterisation to develop and manufacture
instruments that measure physical powder
characteristics, such as flow, static cohesion,
dynamic cohesion, tapped density and
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Natoli Engineering Company is a global
leader in tablet compression tooling and
far more. Founded on the uncompromising
principle to manufacture and deliver the
highest quality products at a fair price
with exceptional customer service, Natoli
continues to build on a half century of
leadership.
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Natoli is also a leading provider of tablet
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presses, control system software and
premium replacement parts for tablet
presses and encapsulation machines.
Additionally, Natoli provides formulation
development and analytical/testing services,
unparalleled  technical support and
troubleshooting, technical training courses
and a comprehensive tablet compression

accessories catalogue.
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Aurélien Neveu, PhD, focuses primarily on researching the understanding of granular materials at different scales. During his PhD,
he developed discrete numerical models to describe fragmentation mechanics of cohesive granular materials by taking the complex
microproperties of the grains into account. He then moved to a larger scale to study segregation in gravity-driven rapid flows, as well as
aeolian transport of granular materials, with huge implications for natural disasters. He joined Granutools as a particle scientist performing
research on powder characterisation, and is now Head of Laboratory & Applications at the company.

Devang Patel, PhD, works as a Senior Research Scientist at Natoli Engineering Company. He uses his experience in resolving or
providing guidance on various tableting issues, such as sticking and picking, to provide scientific and technical support for Natoli’s
customers by generating application data for formulation and tablet tooling. During his PhD, Dr Patel investigated tablet sticking
using different metal coupons and a powder rheometer. Some of his notable academic contributions include peer-reviewed papers on
formulation and 3D printing.

Filip Francqui is the Managing Director of Granutools and has over 20 years of experience in precision instruments business. Mr Francqui’s
experience covers the semiconductor, electronic microscopy and nanotechnology fields. Before founding Granutools, he was successively
managing the Belgian, Dutch and Indian business for the electronic microscopy subsidiary of Thermo Fisher Scientific known as FEI
company, which was famous for high resolution and low voltage imaging. Mr Francqui holds a master’s degree in Applied Physics from
the Free University of Brussels (Belgium) and an MBA from INSEAD (Singapore). He has numerous publications in scientific journals and
holds two patents.

Copyright © 2022 Frederick Furness Publishing Ltd www.ondrugdelivery.com


https://www.ondrugdelivery.com

