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Abstract: A device for the measurement of g/m-values and charge degradation of
triboelectrically charged particles deposited on a surface was developed. The setup is based on
the integration of currents, which are induced in a Faraday cage by insertion of a solid support
covered with charged particles. The conductivity of different particle supports was taken into
account. The “blow-off” method, in which the particles are first deposited, and then blown off
using an air stream, can be used for characterisation of triboelectric properties of particles
relative to different surfaces.

PACS: 85.85.+j, 87.80.Ek

1 Introduction

Triboelectric charge is an important characteristic of nano and micro particles. Particles of
such size can exhibit g/m-values (q is the particle charge, m is the mass) above 102 Clkg,
which can significantly influence their dynamics. Particle charges of triboelectric origin play
an important role both in natural processes such as dune movement [1], nucleation [2],
aerosol-cloud interaction [3] and in applications, for example in eectrophotography [4],
triboelectrostatic separation [5], combinatorial chemistry [6], etc. Particles can acquire their
charge in the manufacturing process or during transport due to contact with various surfaces.

Different methods exist for particle charge measurement. Mass spectrometric methods
exploit particle deflection in an electrical field [7-9]. The particle charge is calculated from
the balance of forces acting on the particles. Other methods are based on the use of a Faraday
cage. In air, moving particles are absorbed in the Faraday cage and the induced charge is
measured [9]. Asin the case of the mass spectroscopic method, only a single measurement for
the same particles is possible, i.e. the particles are not amenable for new measurements after
their deflection or absorption. A cylindrical probe can also act as a Faraday cage [10]. The
particles can move through the cylindrical probe without being absorbed. In this case, the
charge of the same particles can be measured only twice: at the inlet and the outlet of the
probe.

Particle charging can be controlled by placing an inductive probe directly into the
charging chamber [11]. In this case, the particles are constantly in motion and are charged by
contacting the walls of the charging chamber or other particles. If the particles do not move,
no signal isinduced in the probe. Hence, it is rather complicated to measure the charge of the
same particles over time with the methods mentioned above.
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In this article, triboelectrically charged particles deposited on a dielectric surface are
studied. This aspect is interesting from the following point of view: On solid surfaces,
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Fig. 1: Schematic drawing of the experimental setup used to measure the charge f'-particleﬁ deposited on
a particle support (left) and a photo of the tribometer (right): housing (1), rotating particle support
holder (2), Faraday cage (3).

particles can usualy be manipulated in a more predictable way than in a gas stream. In the
two phase stream, particles generally exhibit a very broad velocity distribution and their
trajectories are complicated because of

turbulences. On the other hand,

— T T T T — particles on a solid support have the
1 same velocity as their support and can

be located at defined distances with a
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minimized background is necessary.
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2 Experimental setup —tribometer
0.0 2.1 Tribometer
The outline of the experimental

S setup - called tribometer - is displayed
- in figure 1. a particle support with
o1l | triboelectrically charged particles is
’ periodicaly inserted into the Faraday
cage. In the tribometer, a particle

20 0 20 40 60 80 100 120 support rotates with a frequency of 0.3

t () Hz. The metal cage is fabricated in a

way that it does not prohibit this

Figure 2: Examples of measured voltages over time: (top)  Fotation. It works like Faraday cup
char ge degradation; (bottom) inversion of charge shielding the electrical field of particles
polarity. The particle chargeis calculated using Q(t) = - on the support. In this process, a current
CU(t). The maxima of the plot correspond to the particle isinduced in the Faraday cage, which is

position inside the Faraday cage; the minima of the . . L
absolute voltage (zero in the ideal case) correspond to the integrated by the electronic circuit

complete removal of the particle support out of the shown in the figure 1. The integrated
Faraday cage. value is the voltage U, which is

measured with an oscilloscope. The
voltage U displayed on the oscilloscope is related to the particle charge Q through the
capacity C with: Q = -CU. Figure 2 shows an example of an U(t) function measured as
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outlined in figure 1. The maxima of the plot correspond to a position of the particles on their
support inside of the Faraday cage, the smallest absolute voltages (zero in the idea case)
correspond to the complete removal of the particle support out of the cage.

The total mass m of particles is obtained by weighing the particle support with and
without the particles. Subsequently, the g/m-value is calcul ated.

For measurements with the tribometer, it is important that the total charge of the particle
support is significantly smaller than the particle charge. The tribometer is useable both for
micro and nano particles. The sensitivity of the tribometer can be adjusted by tuning the
capacitance C. C = 100 nF was chosen for the measurements described here.

The functionality of the tribometer was examined with different types of micro particles:
laser printer toner particles (OKI) with an average diameter of 10 um [12], laser printer toner
particles (Canon) with an averaged diameter of 5.5 um [13] and laboratory-made polymer
amino acid particles (AAP) [14] with diameters larger than 45 um. This size distribution was
generated using a Retsch 45 um mesh analytical sieve.

Microscope glass slides, Polystyrol and PVC plates are used as particle supports. All
particle supports possess a standard microscope slide area format of 7.5mm x 2.5 mm. The
thickness of microscope dlides is 1.1 mm. The thickness of Polystyrol and PVC plates is
1.5 mm.

2.2 Aerosol chamber
An air stream at room temperature is used to
deposit particles on a particle support. A plexiglas

“Tair outlet - '

— Alroute chamber was fabricated to conduct the particle
particle cx__r:gz!?n_ deposition (Fig. 3). The chamber additionally fulfils
support = N two functions: destruction of particle agglomerates

and particle triboel ectric charging.

The particles are sucked up by the air stream at the
b bottom of the reservoir chamber and conveyed
- through a separate channel into the cone chamber for
i triboelectric charging. Uncharged particles possess
o A Y g/m-values below 10* C/kg. The inlet of the cone
air inlet —He_Up chamber is shifted so that the particles move aong the

i spira tragectories touching the chamber walls. The

aerosol chamber conglomerates are disrupted by this movement.
Afterwards, the particles again pass into the reservoir
Figure3: Aerosol chamber chamber and reach the chip surface through the

aperture. The particle layer was not strictly
homogenous in our case. OKI| and Canon particles formed a layer with a thickness of ca. 15-
30 um. AAP particles (45 pm) formed predominately one particle layer. Our experiments
were conducted in the air-conditioned particle room with humidity about 28%. The support
area S deposited with particles was 18x18 mm?. The total charge Q was measured with the
tribometer. The charge density was calculated as arelation Q/S.

3 Resultsand discussion
3.1 Charge of particle supports

The charge of appropriate particle supports was studied with the tribometer. Asarule,
such supports carry a charge because of their contacts with other objects. holders, gloves etc.
To minimize this charge, we washed the supports with ethanol and blew them off with the
compressed air. Just after blowing off, the supports induced voltages U below 5 mV in the
tribometer, which correspondsto Q = 5x10™*° C.
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After 1 minute of handling, the voltage and respectively the charge, regenerates and
reaches stable values. These values are shown in table 1 for different supports used in our
experiments. All supports used showed a negative surface charge density. The manufacturers
of microscope glass slides Diapath and Menzel report that their slides are covered with a
positive electrostatic film to enhance the adsorption of cytological tissues [15, 16]. The reason
for the registered negative stable charge will be discussed in the next paragraph.

Table 1. Measured stable valuesfor different particle supports:

particle support material basevalue, | mean charge density,
[mV] 10° [C/m?]

microscope glass slide Menzel [15] -12+2 -1,92

microscope glass slide Diapath [16] -12+2 -1,92

microscope glass slide R. Langenbrinck [17] 612 -0,96

Polystyrol -6+ 2 -0,96

PVC 812 -1,28

3.2 Influence of the surface
Triboelectrically charged particles were deposited on the particle supports described in
table 1 and tested with the tribometer. Three qualitatively different results were observed. A
stable signal was measured on polystyrene and polyvinyl chloride (PVC) surfaces. The charge
of the particles on the microscope glass slides R. Langenbrinck [17] was below the device
sensitivity. Charge degradation was observed on the particle supports Menzel and Diapath.
Figure 4 shows the degradation curves of g/m-values for the microscope glass slides
Menzel and Diapath covered with Canon- and OKI- laser printer particles. As one can see, the
charge degradation does not significantly depend on the particle size and composition and
obeys an exponential law. The tendency of triboelectrified particles to follow exponential
functions has been aready

T noted in other studies
] = Menzel Canon ] [8,18,19]. The conductivity
©  Diapath Canon of the microscope dlides
® Menzel OKI . .
> S o Diapath OKI might be a cause for this
x o charge compensation in our
e | i case [20,21].

e 197 "oy, To prove this
o ] statement, we covered the
ottn surface of the microscope
%&.%go.uuu.-.o......m.“.. slides with conductive paths
2 2290000 as shown in figure 5. The

10 U a0 40 e 80 100 conductive  paths  were

electricaly contacted with
the metallic slide holder of
the tribometer in order to
vary the distance over the
slide between the particles
and the conductive surface. As expected, the charge degradation occurs faster for shorter
distances between the particle and the conducting path.

The conductivity could be used to explain the stable negative charge values of glass
microscope slides discussed in 3.1. They have the same potentia as the slide holder.

Figure 4: Degradation of g/m-valuesfor OKI| and Canon particles,
measur ed on different microscope sides by M enzel [15] and Diapath
[16].
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The microscope glass

5

sides R. Langenbrinck possess a significantly higher

conductivity than the

0,1

U (V)

microscope slides Menzel and
Diapath. The particle charge on
the R. Langenbrinck dlide is
aready compensated during
mounting the dlide into the

o, holder. Therefore, we could not

measure the charge of particles
. . deposited on the R.

Langenbrinck slide.

The fact that no charge
degradation was observed on the
polystyrene and PVC surfaces

gl

0,01

t(s)
Figure5: Charge degradation on a modified Diapath microscope
glass dide for Canon particles. Microscope slide (a) isunmodified.
On microscope dides (b) and (c), a conductive glue was attached

as shown.

contacts.

can be explaned by ther
significantly lower conductivity.
Hence, supports from these
materials are suitable for
measuring particle g/m-values.
However, the polystyrene and
PVC surfaces are easly
chargeable by triboelectric

Nevertheless, one can use microscope glass slides like Menzel und Diapath slides for
measuring particle g/m-values. The g/m-values are obtained by interpolation of the
degradation line to the point t = 0 s, at which the slide contacted the holder provided that the
exponential relation is valid. The g/m-values -0.27 C/kg for Canon particles and -0.031 C/kg
for OKI particles are obtained at beginning of the degradation curvesin figure 4. These values
correspond to the following surface charge densities ¢ = - 1.35x10° C/m? for Canon particles
and o = - 3.1x10™* C/m? for OK| particles, assuming that the mass density equals 1 g/cm? for
both types of the particles. Obviously, the exponential law is valid for surface charge densities
which are about 2 decades greater than the critical surface charge density.

3.3 Search for air ions

Some authors pointed out that a discharging process should be taken into account

P
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S0000000

Figure 6: Schematic of the set up
to search for ion generation by the
triboelectric  charging. AAP-
particles with diameters larger
than 45 pm were used. The mesh
size of the sieveis 10 um.

when considering the triboelectric charging [22—-24]. We
tried to use the tribometer to find proof for or against the
hypothesis that triboel ectric charging is accompanied by the
generation of air ions. Actually, this effect could look like
corona discharging [4]. The electrica field between two
surfaces is proportional to their electric potential difference
and inversely proportional to the distance between them.
Hence, in atriboelectric contact, electric fields can be easily
larger than the critical discharging field in the air.

A nylon sieve with a mesh size of 10 um (Franz
Eckert GmbH) was placed between the microscope slide and
the air stream with triboelectrically charged AAP-particles
as shown in figure 6. Thus, only carrier gas without particles
could contact the microscope slide. No charging of the
microscope slide above a noise of 0.8x10° C/m? was
observed in this experiment. One may need a more sensitive
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technique for studying discharging effects by triboelectric charging of particles.

3.4 Triboelectric charging of surfaces by blowing off particles
Figure 6 shows degradation curves obtained in the following experiment. First, the
triboelectrically charged particles were deposited on a slide and the degradation of the
resulted negative charge was measured with the tribometer as in the previous cases (Fig. 7,
group ). Then, the particles were blown off from the slide using compressed air at a velocity
of approx. 50 m/s. The resulted charge of the slide surfaces was measured. By blowing off the
particles, a positive charge was obtained on the dides (degradation curvesin group Il, Fig 7).
Three sorts of particles were used
(Canon, OKI1, AAP).

10" — ' ' ' ' The absolute values of the
charge obtained by removal of the
particles from slides are larger than
the initial triboelectric charge of the
same particles. This shows that the
particles can be very efficiently
1 triboelectrically  charged.  The
surface charge density of the slides
in the case of the OKI particles was
A 0 =7.8x10° C/m*.

This experiment confirms
t(s) our earlier statement that the
degradation occurs according to the

Ul (V)

Figure 7: Charge degradation curves on a M enzel microscope ; ;
dide. Three particle sorts are used. The curves from the gxponentlal law ar.]d degradation
group | correspond to degradation of the negative charge on U m‘? Con_StantS are mde_p_endent of
the microscope slides with deposited particles. The curves particle size and composition. In our
from the group Il correspond to degradation of the positive case, the degradation time constant

chargegenerated on the microscope slides after blowing away  for positive charge is larger than
the particles. that for the negative charge.
Consequently, the mobility of negative charge carriers involved in the surface charge
transport is greater than the mobility of positive charge carriers.

The fact that particles can be relatively highly charged by remova from a surface
alone should be taken into account by particle manipulation. Particle removal from surfaces
takes place in practically all apparatus. It is very difficult to predict the particle charge
theoretically because of the complex character of the triboelectric effect. In contrary, the
proposed “blow off” method based on the tribometer allows for easier experimentd
characterisation of particle triboel ectrification relative to different surfaces.

4 Conclusion

Our objective was to study the possibility of characterizing triboelectrically charged
particles deposited on surfaces. Additionaly, this idea gives the answer to how a device for
the characterization should be constructed. Such a set up, called tribometer, is based on the
integration of induced currents, which appear by inserting the support with charged particles
into a Faraday cage.

Particle g/m-values can be measured using the tribometer. A particle support with a
relative surface conductivity as PV C, polystyrene or different microscope glass slides can be
used for these measurements. One should aways ensure that the charge of the particle support
does not influence the measurements.
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Our experiments have shown that conductivity of microscope slides from different
manufactures varies. Some microscope slides can be charged or discharged by a conductive
contact within few minutes.

The “blow-off” method has been used for the characterization of triboelectric
properties of particles relative to different surfaces. Exponential degradation of charges was
confirmed.
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Figure Captures

Figure 1: Schematic drawing of the experimental setup used to measure the charge of particles
deposited on a particle support (a) and a photo of the tribometer (b): housing (1), rotating
particle support holder (2), Faraday cage (3).

Figure 2. Examples of measured voltages over time: (top) charge degradation; (bottom)
inversion of charge polarity. The particle charge is caculated using Q(t) = -CU(t). The
maxima of the plot correspond to the particle position inside the Faraday cage; the minima of
the absolute voltage (zero in the ideal case) correspond to the complete removal of the particle
support out of the Faraday cage.

Figure 3: Aerosol chamber

Figure 4: Degradation of g/m-values for OK1 and Canon particles, measured on different
microscope glass slides by Menzel [16] and Diapath [17].

Figure 5: Charge degradation on a modified Diapath microscope slide for Canon particles.
Microscope glass side (a) is unmodified. On microscope slides (b) and (¢) conductive glue
was attached as shown.

Figure 6: Schematic of the set up to search for ion generation by the triboelectric charging.
AAP-particles with diameters larger than 45 pum were used. The mesh size of the sieve is 10
pm.

Figure 7: Charge degradation curves on a Menzel microscope glass slide. Three particle sorts
are used. The curves from the group | correspond to degradation of the negative charge on the
microscope slides with deposited particles. The curves from the group Il correspond to
degradation of the positive charge generated on the microscope slides after blowing away the
particles.

Table 1: Measured stable values for different particle supports:
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