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Effect of Horizontal Component of Impact Velocity on Impact
Electrification of Particles
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We have investigated the impact electrification of particles with particular attention to the effect of
horizontal component of impact velocity. Particle charge was measured by the current from metal plate to
the earth generated by impact electrification of particles. Rotating metal target was used in order to
change horizontal component of the impact velocity. We confirmed the validity of this method by
comparing the particle charge between the rotating target system and inclined target system. It was found
that the impact charge increased and then decreased by increasing the horizontal component of the impact
velocity. We studied the relationship between size of the concave scar made on the target by particle
impact and horizontal component of the impact velocity by observing the surface of target by the scanning
electron microscope (SEM). A new electrification model including rolling and slipping of a particle on
metal target was devised in order to explain our experimental results. We also discussed the difference in
the time course of decrease in the impact charge under different horizontal component of the impact
velocity.
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Nomenclature: d, thickness of metal (mm); Dpso, mass median diameter of particles (um); E, Young’s modulus (N/m?); g,
gravity acceleration (m/s?); h, falling height of particles (m); Z, current generated by impact of particles (A); fo, initial current
generated by impact of particles (A); #, number of revolutions per minute (rpm); go, charge before impact (C); g1, charge after
impact (C); 4gq, charge transfer by impact (C); r, radius (m); 7, temperature ( °C); t, time of passage (s); Va/B, contact potential
difference between A and B (V), v, particle velocity (m/s); W, mass flow rate of particles (kg/s); w, mass of pamcles (kg). Greek
symbol: 8 , impact angle (°); 8 °, impact angle in maximal current (°); o, relative humidity (%); v, Poisson’s ratio (-); p,
density (kg/m3); ®, rotation speed of metal plate (rad/s); wp, rolling speed of particle after impact on metal plate (rad/s).
Subscript: M, metal; P, particle; h, horizontal; i, inclined; r, rotation; v, vertical.
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Fig. 1 Experimental set up.

@, Hopper; @, Motor; @), Metal target (rotating); @, Ball
bearing; ®), Earth; ®, Digital electrometer; @, Computer; ®,
Metal target (inclined).
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Table 1 Physical properties of glass beads and metal plates.

Glass beads Al SUS Brass
Dpso (um) 220 - - -
d (mm) - 0.5 0.5 0.5
VP or M/Au (V) —0.08 1.20 0.18 -
p (kg/m?) 2500 2710 7750 8400
v(-) 0.17 0.34 0.27 0.35
E (GPa) 75 68.5 200 100
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Table 2 Components of glass beads.

Component (wt%)
SiO2 71.5
Na20 13.5
Ca0O 9.5
MgO 2.8
AlLO3 1.5
K20 1.2
Total 100.0
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Table 3 Experimental conditions.
T(C) 19.5-21.5
o (%) 54-70
W (g/s) 0.18
h (cm) 16-32
r (cm) 5
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Fig. 2 Definition of relative velocity of particles for two
kinds of metal target.
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Fig. 3 Comparison of generated current I between inclined
and rotating metal plate systems.

Al T=19.5C, o= 55%, hi=32 cm, 0=45", hr=16 cm;
n =338 tpm, vih = viu = 1.77 m/s, viv = vrv = 1.77 m/s.
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Fig. 4 Relationship between number of revolutions per
minute # or horizontal component of impact velocity v and

generated current fo.
T=19.6-21.5 C, o ="54-70%, hr= 16 cm; viy = 1.77 m/s.
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Fig. 5 Relationship between impact angle 6 and generated
current Jo.

T=19.6-21.5 C, ¢ = 54~70%, h:= 16 cm; vrv = 1.77 m/s.
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Fig.6 Snapshots of particles impacting on rotating Al plate.
hy=16 cm.
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Fig. 7 SEM photographs of Al and SUS surface.
hy =16 cm.
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Fig. 8 Relationship between number of revolution per
minute n and length of major (/1) and minor (/2) axis of
concave scar.

hr=16 cm.
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Fig. 9 Idea explaining difference of effective contact area in
low and high rotation speed of metal plate.
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Table 4 Element fraction on metal target surface.

Metal condition Element [%]
t{s] n[rpm ] Al o Si
<0* 0 97 3 -
1200 250 95 3 2
1200 2000 95 3 2
1200 5000 94 4 2

* Before impact.
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Table 5 Roughness of metal target surface.

Metal condition Roughness
t[s] n[rpm] RMS[ m]
<Q* 0 0.11
1200 250 0.14
1200 2000 0.19
1200 5000 022

* Before impact.
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