
Tribo-electrification of pharmaceutical powder blends

Antonella Rescaglioa,b, Frederic De Smetc, Luc Aertsc, and Geoffoy Lumaya,b

aCESAM – APTIS, University of Liege, Li!ege, Belgium; bCESAM – GRASP, University of Liege, Li!ege, Belgium; cUCB Pharma, Braine-
l’Alleud, Belgium

ABSTRACT
It is well known in industrial applications involving powders and granular materials that the pres-
ence of electrostatic charges influences drastically the material flowing properties. The triboelectric
charges are produced during flow at the contacts between the grains and at the contacts
between the grains and the container. Unfortunately, the triboelectric effect is still poorly under-
stood, even at the fundamental level. Therefore, the approach to solve practical problems is
mostly empirical. Moreover, reproducible electrostatic measurements are difficult to perform.
In the present study, the ability of a set of excipients and active pharmaceutical ingredients (APIs)
to produce electrostatic charges during flow in contact with different materials is analyzed with a
recently developed instrument called GranuCharge. While different excipients have almost the
same triboelectric behavior and a low chargability, APIs show complex triboelectric properties.
Some APIs charge a lot while other APIs charge less. Afterward, the electrostatic behavior of API/
excipient blends is considered. We show that the net charge of the blend is a complex function
of the relative quantity of API in the mixture. Moreover, both the quantity and the sign of the
charge are found to depend on the material in contact with the powder during the flow.
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1. Introduction

Roughly 80% of the pharmaceutical products in US are tab-
lets and capsules involving powders and granular materials,
Muzzio, Shinbrot, and Glasser (2002). In addition, more
recent and more complex formulations like dry powder
inhalers (DPI) are based on complex powder technology.
Moreover, in order to avoid problems, it is important for
pharmaceutical companies to improve the economical effi-
cacy of their production processes. A robust manufacturing
process involving powder requires reliable powder flow
properties. Unfortunately, pharmaceutical powders are usu-
ally cohesive and a deep understanding of their properties
needs a good knowledge of the cohesive forces acting
between the grains, Sarkar, Mukherjee, and Chaudhuri
(2017). This knowledge is strongly multidisciplinary and
there are still many open questions remaining, for example,
relating to electrostatic powder properties.

When two materials are rubbed, electric charges are
exchanged at the surfaces, Lacks (2010); Matsusaka et al.
(2010). This contact electrification is an old fundamental sci-
entific subject. However, despite the numerous studies dedi-
cated to this subject, the fundamental mechanisms behind the
triboelectric effect are not fully understood. In particular, the
charging of objects composed by the same material,
Waitukaitis et al. (2014), and charging of powders, Matsusaka
et al. (2010); Mersch et al. (2010); Ireland and Nicholson
(2011) are subjects needing deeper investigations. Even the

basic question related to the nature of the transferred charges
(electrons, ions, or material) is still debated, Mehrani,
Murtomaa, and Lacks (2017). The difficulties are related to
the non-equilibrium character of the triboelectric exchange
and to the variety of mechanisms behind this effect. Indeed,
different mechanisms could induce triboelectric charges inside
powders: impact, rolling, and sliding (or rubbing), Ireland
(2010). Moreover, the nature of contact inside a powder (nor-
mal forces, contact areas, … ) is difficult to quantify.

Pharmaceutical powders can accumulate electrostatic
charges during manipulations in the industry and also dur-
ing clinical use. The presence of electrostatic charges in
powder induces adhesion, Ghori, "Supuk, and Conway
(2015), and cohesion leading to intermittent or blocked flow
and consequently non-uniformity of dosage. In DPI applica-
tion, electrostatic forces may induce undesirable adhesion of
drug particles to the device and can affect the trajectory of
the aerosol in the lung, Wong, Chan, and Kwok (2013).
As active pharmaceutical ingredients (APIs) and excipients
are organic materials with high resistivity, charge decay
takes minutes or hours and an accumulation of charge is
induced by powder manipulations. In addition to flow prob-
lems, electrostatic discharge could ignite fires and explosions
when small grains are dispersed in air, Glor (2003); Ohsawa
(2011). Therefore, a better understanding of charging mech-
anisms could improve the development and production
processes and also the delivery systems. The factors influ-
encing the charging of a powder in contact with a surface
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are multiple: surface nature (material, roughness, and sur-
face cleanness), grain properties (chemical nature, grain size
distribution, grain shape and roughness, grain crystallinity),
and environmental conditions (RH). For a review, see refer-
ence Wong, Kwok, and Chan (2015). Due to the complexity,
our understanding of powder electrostatics is far from com-
plete and further research is needed.

In some applications, tribo-electrification causes compli-
cations. However, the triboelectric effect can be used advan-
tageously in other applications (electrophotography, powder
coating processes, triboelectric separators, agglomeration),
Lachiver et al. (2006). In pharmaceutical applications, charg-
ing APIs and excipients with opposite charges can help to
reinforce blend homogeneity by inducing attraction between
the constituents, Lachiver et al. (2006).

Different studies dedicated to triboelectric charges in
granular materials have been performed with model systems
(typically monodisperse, spherical, and non-cohesive grains),
Ireland (2010); Mersch et al. (2010); Waitukaitis et al.
(2014). These fundamental studies are necessary to improve
the understanding of the tribocharging mechanisms.
However, the powders used in industry are more complex
due to size distribution, complex grain shape, cohesive
forces, and water content, Lumay et al (2012); Boschini et al
(2015). Moreover, the combination of different grain types
is expected to lead to highly complex triboelectric behavior.
Finally, the material in contact with the powder during
processing can play a role too.

Engers et al. (2007) investigated tribocharging of pharma-
ceutical mixtures in a stainless steel blender. The charge of
the mixture was found to be lower than the charge of the
individual components. Murtomaa and Laine (2000) studied
tribocharging of lactose/glucose mixtures in a glass pipe.
They observed a charge reversal: while the pure components
charge positively, some mixtures were found to charge nega-
tively. Elajnaf, Carter, and Rowley (2006) investigated the
triboelectrification of micronized drug and lactose mixtures
during mixing in cylindrical vessels made of stainless steel,
polypropylene, and acetal at variable relative humidity. The
charge was found to depend on both the nature of the pow-
der and the surface in contact. Moreover, a coating of the
mixer with drug or excipient was found to modify the cre-
ation of charges. Very recently, Zafar, Alfano, and Ghadiri
(2018) presented a new dispersion technique for assessing
triboelectric charging of powders. Finally, Naik, Mukherjee,
and Chaudhuri (2016) have made a short review of the lit-
erature dedicated to granular mixture tribocharging and
conclude that despite the reasonable number of investiga-
tions, the current knowledge on the triboelectric charging of
mixtures is quite limited. In addition, the experimental set-
ups used to perform the studies are customized devices and
the results are difficult to compare. Therefore, a normalized
method and a normalized measurement protocol are needed.
This method needs to be practically usable with both free-
flowing and highly cohesive powders. Moreover, the surface
in contact with the powder during the charging process
must be easy to modify.

In the present article, we describe a recently developed
experimental method to measure the quantity of electric
charges created inside a powder during a bulk flow in con-
tact with a selected material. The device, called
GranuCharge, is used to measure the triboelectric behavior
of excipient/API blends. The excipients and the APIs
selected for the present study are effectively used in the
pharmaceutical industry. After the analysis of the triboelec-
tric behavior of both the excipient and the APIs alone, we
present original results evidencing the complexity of the tri-
bocharging mechanism in powder blends. The influence of
the relative air humidity (RH) is also evidenced.

2. Materials and methods

2.1. Materials

A set of excipients widely used in industry and a set of APIs
has been considered. In Table 1, the powders are listed and
sorted as a function of their chargability against stainless
steel (see hereafter). Five families of excipients are consid-
ered: microcrystalline cellulose (AvicelVR PH101, AvicelVR

PH102, and AvicelVR DG from FMC), lactose monohydrate
(PharmatoseVR 100M and PharmatoseVR 200M from DFE
pharma, TablettoseVR 80 and InhaLacVR 230 from Meggle
pharma), mannitol (PearlitolVR 300 DC, 400 DC, and 200 SD
from Roquette), starch and maltitol (GalenIQTM 800 and
GalenIQTM 721 from Beneo). The main parameters
extracted from grain size distributions measured in dry
mode with a laser diffraction particle size analyzer (Malvern,
Mastersizer 2000, Scirocco dispenser) are summarized in
Table 2. The measurements were performed based on the
MIE theory with the use of the general purpose calculation
model (normal sensitivity). The samples are analyzed in
triplicate and the data presented correspond to the average
value. The pressures are indicated in Table 2. The vibration
of the feeder is set at 70% for all samples. A set of 9 APIs
from UCB Pharma has been selected (Table 1 and Figure 1).
The main chemical characteristics of these APIs are shown
in Figure 1 and the clinical uses are listed below.

Table 1. List of excipients and APIs considered in the present study.

Excipients APIs

1 PearlitolVR 200 SD ! 15 Mesna !
2 InhaLacVR 230 ! 16 Piracetam !
3 AvicelVR PH101 ! 17 Levetiracetam !
4 PharmatoseVR 200M ! 18 Brivaracetam þ
5 TablettoseVR 80 ! 19 Rotigotine þ
6 GalenIQTM 721 ! 20 Lacosamide þ
7 AvicelVR DG ! 21 Cetirizine þ
8 PharmatoseVR 100M ! 22 Hydroxyzine þ
9 SweetpearlVR P200 ! 23 Levocetirizine þ
10 GalenIQTM 800 !
11 AvicelVR PH102 !
12 PearlitolVR 300 DC !
13 PearlitolVR 400 DC !
14 Maize starch !
The powders are within their category sorted (from the smallest to the highest
charge, taking the sign into account) as a function of their electrification
against stainless steel. The charge sign against stainless steel is
also indicated.
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# Rotigotine ((S)-6-[propyl(2-thiophen-2-ylethyl)amino]-
5,6,7,8- tetrahydronaphthalen-1-ol; trade name NeuproVR )
is a dopamine agonist of the non-ergoline class of medi-
cations indicated for the treatment of Parkinson’s disease
and restless legs syndrome, Bunten and Happe (2006).

# Levocetirizine and Cetirizine are Cetirizine dihydrochlor-
ide (racemic mixture of (±)-[2-[4-[(4-chlorophenyl)phe-
nylmethyl]-1- piperazinyl]ethoxy]acetic acid), sold under
the brand name ZyrtecVR among others, is a second gen-
eration antihistamine used in the treatment of hay fever,
allergies, angioedema, and urticaria, Baltes, De Lannoy,
and Rodriguez (1985).

# Mesna (sodium 2-sulfanylethanesulfonate) sold under the
brand name MesnexVR among others, is a medication

used to reduce the incidence of hemorrhagic cystitis and
hematuria when a patient receives ifosfamide or cyclo-
phosphamide for cancer chemotherapy, Shaw and
Graham (1987). Mesna is also used as a mucolytic agent,
working in the same way as acetylcysteine; it is sold for
this indication as MistabronVR , van de Walle, Lauwers,
and Adriaensen (1976).

# Levetiracetam ((2S)-2-(2-oxopyrrolidin-1-yl)butanamide;
trade name KeppraVR ), is a widely used antiepileptic drug
that provides protection against partial seizures and is
also effective in the treatment of primarily generalized
seizure syndromes including juvenile myoclonic epilepsy,
Rogawski (2008).

# Brivaracetam ((2S)-2-[(4R)-2-oxo-4-propylpyrrolidin-1-
yl] butanamide; trade name BriviactVR ), a chemical analog
of levetiracetam, is also an antiepileptic drug used for
uncontrolled partial epilepsy in adults, Matagne
et al. (2008).

# Hydroxyzine dihydrochloride, ((±)-2-(2-{4-[(4-chloro-
phenyl)-phenylmethyl]piperazin-1-yl}ethoxy)ethanol) sold
under the brand name Atarax among others, is a first-
generation antihistamine. It is also an effective antie-
metic, sedative, hypnotic, and anxiolytic drug, Guaiana,
Barbui, and Cipriani (2010).

# Piracetam (2-(2-Oxopyrrolidin-1-yl)acetamide; trade
name NootropilVR ), is a nootropic drug used in the ther-
apy of age-related cognitive disturbances and poststroke
aphasia. Clinical experience has also shown that at high
doses, it is effective against cortical myoclonus, Genton
and van Vleymen (2000).

# Lacosamide((R)-2-(acetylamino)-N-benzyl-3-methoxypro-
panamide; trade name VimpatVR ) is an antiepileptic medi-
cation for the adjunctive treatment of partial-onset
seizures and diabetic neuropathic pain, Hoy (2013).
Figure 2 presents a selection of SEM micrographs of the

powders considered to make the blends (see hereafter) (SEM
from JEOL, JSM-IT300LV)). The micrographs of the APIs
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Figure 1. Molecular characteristics of the APIs.

Table 2. Main parameters extracted from grain size distributions obtained
with the laser diffraction method.

d(v,0.1)
lm

d(v,0.5)
lm

d(v,0.9)
lm

Pressure
bar

PearlitolVR 200 SD 98 164 267 0.1 Excipients
InhaLacVR 230 59 98 152 0.1
AvicelVR PH101 19 51 107 3
PharmatoseVR 200M 14 53 136 0.1
TablettoseVR 80 56 191 434 0.1
GalenIQTM 721 68 180 378 0.1
AvicelVR DG 16 45 121 3
PharmatoseVR 100M 86 169 291 0.1
SweetpearlVR P200 118 284 553 0.1
GalenIQTM 800 12 34 85 0.1
AvicelVR PH102 33 99 210 3
PearlitolVR 300 DC 222 337 510 0.1
PearlitolVR 400 DC 271 424 662 0.1
Maize starch 9 14 21 3
Mesna 5 27 161 2.0 APIs
Piracetam 78 216 483 2.0
Levetiracetam 23 111 289 2.0
Brivaracetam 66 225 499 1.5
Rotigotine 39 254 494 2.0
Lacosamide 4 15 111 2.0
Hydroxyzine 1 3 25 4.0
Cetirizine 2 7 254 2.5
Levocetirizine 1 4 180 2.5
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are showing that they have different grain sizes and shapes.
Levetiracetam, Avicel, and Tablettose powders are made of
quite large blocks, Cetirizine is made of very small particles
with the presence of some agglomerates and lacosamide is
made of needles also with some agglomerates.

2.2. Methods

A powder tribocharger (see Figure 3) is used to measure the
total electrostatic charge created inside a granular material
during flow in contact with a selected material. A sample of
50 g of powder is poured manually (the feeding can be per-
formed automatically too) in a V-tube and flows to a
Faraday cup. The V-tube is an assembly of two tubes of
length L¼ 350mm and internal diameter D¼ 47mm to form
a V-shape with an angle of 90%. For the present study, the
two tubes forming the V-shape are made of the same mater-
ial and are attached to each other. Stainless steel 316 L (SS)
and acrylonitrile butadiene styrene (ABS) have been selected.
The Faraday cup is connected to a customized electrometer
able to measure electrostatic charges. At the end of the flow,
the total value of the electric charge Q present in the pow-
der is measured and the charge density q¼Q/m, where m is
the sample mass, is computed. With each sample, we
checked that the electrostatic charge present in the powder

before the flow in the V-tube is negligible compared to the
charge after a flow in the V-tube. The V-tube geometry has
been selected to combine the different mechanisms leading
to tribo-electrification: (i) friction between the grains, (ii)
friction between the grains and the wall and (iii) impact of
the grains on the wall at the connection between the two
tubes. Therefore, the V-tube charges the powder more in
comparison to a single tube geometry, Peltonen, Murtomaa,

Figure 2. SEM micrographs of the powders considered to make the blends. (top) APIs (bottom) Excipients. Two magnifications are presented for each powder.

Figure 3. (left) Sketch of the powder tribocharger (GranuCharge from
GranuTools) used to measure the electrostatic charge created inside a powder
after flow in contact with a selected material. (right) Picture of the powder flow-
ing from the Tube 2 into the Faraday Cup measuring the electrostatic charge.
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and Salonen (2018). This device is presently commercialized
by GranuTools under the name GranuCharge.

At the exception of the results presented in Figure 4, all
the measurements presented in the present article have been
performed at a relative air humidity of 35% þ/! 5% and at
a temperature of 24 %C þ/-3 %C. These variations of both
relative air humidity and temperature lead to a significant
variation of the absolute air humidity. In normal condition
of pressure, the absolute humidity range from 5 to 13 gram
of water per m3 of air. Therefore, we expect fluctuations in
the results due to this humidity variation during the meas-
urement campaign. Performing the measurements in a more
controlled environment will reduce the error bars. However,
it will not change the general conclusions of the pre-
sent article.

Before each measurement, the tubes were washed with
analytical grade ethanol and dried with a flow of dry air.
Afterward, the tubes were used after a waiting time of at least
12hours in ambient conditions to reach an equilibrium and
to dissipate residual electrostatic charges in the case of ABS.

3. Results and discussion

3.1. APIs and excipients tribo-electrification

Figure 5 shows the charge densities q obtained with the
complete set of excipients and APIs in contact with both

stainless steel (left) and ABS (right). The powders are num-
bered (see Table 1) and are within their category sorted
(from the smallest to the highest charge, taking the sign into
account) as a function of their electrification against stain-
less steel. Table 2 gives the main granulometric parameters
with the same sorting. The different excipients have almost
the same triboelectric behavior and a low chargeability.
With excipients, we do not observe any correlation between
the chargeability and the grain size (see Table 2). Moreover,
the different excipient families are not evidenced by the
chargeability. It has to be noted that chemically speaking, all
excipients used in this study are saccharides or polysacchar-
ides and hence contain very similar chemical groups, mainly
C–OH moieties.

Concerning the APIs, some of them charge a lot while
other APIs charge less. Moreover, the sign of the charges
varies from one API to the other. This variety of triboelec-
tric behavior for APIs in contact with stainless steel has
been already evidenced by Supuk et al. 2012. It is interesting
to notice that the APIs with similar chemical structures pre-
sent similar triboelectric behavior. Indeed, when in contact
with the SS, the three APIs of the “zine” family (powders
number 21–23) present the highest chargeability properties
whereas the three APIs from the “racetam” family (powders
number 16–18) have a low-charging propensity. In addition,
for APIs, a higher chargeability is observed with smaller
grains. Figure 6 shows the absolute value of the charge dens-
ity jqj obtained with APIs against stainless steel as a func-
tion of the average grain size d(v,0.5). A global decrease of
the chargeability is observed when the average grain size
increases. Therefore, the triboelectric effect seems to be
linked to both the global chemical structure of the molecule
and the grain size. The effect of grain size is probably linked
to the higher surface area and number of contacts available
for charging when particle size decreases.

The excipients charge negatively against SS and positively
against ABS. Figure 5 does not show any clear correlation
between the chargeability against SS and against ABS.
Globally, the powders are acquiring more charges when
flowing against SS. SS is an electrical conductor while ABS
is an insulating material. During the measurement, the SS
tubes are grounded like in the majority of the processing
devices in the industry. On the contrary, the charges created
at the internal surface of the ABS tube are only slowly dissi-
pated. The results might confirm recent studies showing

Figure 4. Evolution of the charge density q for a lactose powder (Inhalac 230)
in contact with SS as a function of relative air humidity.

Figure 5. Charge densities q¼Q/m expressed in lC/kg and obtained with the complete set of excipients and APIs in contact with both stainless steel (left) and
ABS (right). The powders are numbered (see Table 1) and sorted (from the smallest to the highest charge, taking the sign into account) as a function of their electri-
fication against stainless steel. The error bars correspond to standard deviations computed on a minimum of three measurements.
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that common practice like grounding to avoid powder elec-
trostatic charging is less effective than previously thought,
Karner and Urbanetz (2012).

In Figure 5, error bars corresponding to the standard
deviation with a minimum of three measurements are pre-
sented for the whole set of excipients at the exception of
excipient number 2 (InhaLac 230) that was measured only
once. Concerning the APIs, error bars are presented for the
three powders (Levetiracetam, Lacosamide, and Cetirizine)
considered in mixtures (see hereafter). The variability of
these results is mainly related to the variability of the abso-
lute air humidity. Indeed, the measurements were performed
during a period of six months in a partially conditioned lab.

3.2. Influence of air humidity

Before considering the blends, we would like to emphasize
the influence of relative air humidity (RH) on the tribo-
charging mechanism. Figure 4 shows the charge density q
obtained with a lactose powder for different RH values (at a
constant temperature of 22 %C þ/!1 %C) against SS.

The different RH values have been obtained by switching off
the humidity regulator of the laboratory. Therefore, we took
advantage of the Belgian meteorological fluctuations. The
absolute value of the charge density remains relatively con-
stant from 25 up to 40% RH but decreases drastically
increasing RH from 40 to 50%. This observation is in agree-
ment with the results obtained very recently by Schella,
Herminghaus, and Schroter (2017) with a different tribo-
charger, i.e. a shaken cell. The charge decrease at high RH is
certainly a consequence of the surface resistivity decrease
induced by the presence of condensed water at the surface
of the grains.

3.3. Tribo-electrification of API/excipient blends

Two excipients (Avicel PH102 and Lactose Tablettose 80)
and three APIs (Levetiracetam, Cetirizine, and Lacosamide)
have been selected to investigate the tribo-electric behavior
of blends. For each excipient/API combination, three pro-
portions of API content have been considered: 10, 25, and
50%. The blends were prepared in a rotating V-shape mixer
(Filtra, FTLMV-02) during 15minutes. The obtained charge
density in contact with both stainless steel and ABS are pre-
sented in Figure 7.

The charge density of the mixtures is found to depend
strongly on the material in contact (SS or ABS), showing the
importance of the possibility to use the same material in the
lab as in the process line. The charge density of the mixtures
is globally lower than the charge density of the API alone.
However, contrary to the results presented in previous stud-
ies, Naik, Mukherjee, and Chaudhuri (2016), the charge
density of the mixtures is not necessarily drastically lower
than the charge density of the components. For some
blends, we observe a monotonic evolution of the charge
density as a function of the API content. In contact with SS,
the charge density of the mixtures Ceti./Avicel, Laco./Avicel,
Ceti./Lactose, and Laco./Lactose increases from the negative

Figure 6. Absolute value of the charge density jqj obtained with APIs against
stainless steel as a function of the average grain size d(v,0.5).

Figure 7. Charge density q inside excipient/API blends after flow in contact with SS (left) and ABS (right). The combinations between Avicel PH102 and Tablettose
80 excipients and Levetiracetam, Lacosamide and Cetirizine APIs are considered.
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value corresponding to the excipient alone to the positive
value corresponding to the API alone. For other blends, the
charge density evolution as a function of the API content is
non-monotonic. In contact with SS, the curve corresponding
to the mixture Leve./Lactose starts with a negative charge
with pure Lactose, becomes positive for low API content
and finishes negative for the API alone.

As shown by Table 2 and Figure 2, the excipients are
free-flowing powders made of relatively large grains while
APIs are highly cohesive powders made of smaller grains (at
the exception of Levetiracetam). Therefore, the structure of
the mixtures is complex with the smaller API grains sticking
on the larger excipient grains. In particular, this effect is
expected with blends containing Cetirizine and Lacosamide.
Moreover, for higher API content, the small API grains are
expected to form agglomerates. In addition, we measure the
total charge in the sample while we expect to have a charge
distribution in the pile. This distribution of charge could be
particularly complex in the case of a mixture of positive and
negative grains. For these reasons, the net chargeability of a
powder blend is extremely difficult to predict with a bot-
tom-up method and a measurement is necessary.

The coating of the device by a constituent could influence
the final blend charge, Elajnaf, Carter, and Rowley (2006),
Naik, Mukherjee, and Chaudhuri (2016). With our measure-
ment method, the effect of this coating is very limited
because we measure the powder charge after the first flow in
a clean V-tube. The effect of the coating could be investi-
gated by making successive powder flows in the V-tube, but
this is outside the scope of the present article.

4. Conclusion

The tribo-electrification of excipients and APIs have been
analyzed while flowing in contact with stainless steel and
ABS. The obtained charge density is found to depend on the
material in contact. Moreover, the charge density is globally
more important with APIs. APIs with similar chemical
structures present similar triboelectric behavior. In addition,
for APIs, a link between grain size and chargeability is
observed, small grains charge more. Therefore, their tribo-
charging behaviors are influenced by both chemical struc-
ture and grain size.

The tribo-electrification is found to depend drastically on
hygrometric conditions of the air. For relative air humidity
values higher than 50%, the tribo-electrification is reduced
in case of lactose monohydrate. Controlling more precisely
the hygrometric conditions during the measurement consti-
tute a room of improvement for the present study.

For some excipient/API blends, we observe a monotonic
evolution of the charge density as a function of composition.
However, for some blends, the charge density evolution as a
function of the API content is non-monotonic and unex-
pected sign changes are observed.

Tribo-electric charging of powders is a complex mechan-
ism influenced by a wide range of parameters: surface nature
(material, roughness, and surface cleanness), grain properties
(chemical nature, grain size distribution, grain shape and

roughness, grain crystallinity) and environmental conditions
(RH). A complete explanation of the results needs a deeper
understanding of the triboelectric process in powder and
fundamental studies are still necessary. Finally, the present
work evidences the necessity to perform a measurement
because the prediction of the triboelectric behavior of a
blend is highly complex, in fact practically impossible.
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