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Abstract Experimental

Toner adhesion forces to an aluminum substrate wer€oner Jumping Method
measured by toner jumping method to study its adhesion The experimental set up for the toner jumping method
mechanism. When measuring the toner adhesion forces ligr toner adhesion force measurements is shown in Fig. 1.
the toner jumping method, toner particles were sprinkledhe system consisted of the following parts: potential
over on one of a pair of parallel aluminum electrodes. Theweeper for ramp voltage source, high voltage amplifier for
dc voltage applied to the electrode was increased at applying voltage to an electrode, whose gain was -10 and
constant rate, and the occurrence of the toner jumping wasaximum voltage was -1500 V, power supply unit
observed by measuring the current flowing between théTakasago, HV 1.5-03) for high voltage amplifier, electro-
electrodes. The toner adhesion force was estimated from theeter for current measurement, integrator for integrating
voltage at the occurrence of the toner jumping. Theurrent, and an X-Y chart recorder. A pair of parallel planer
numbers of toner particles that have a certain adhesion fore¢ectrodes which had an air gap of %00 were prepared.
were estimated from the voltage and current. Conductive Sample toner particles were sprinkled over onto the
toners as well as conductive polymer particles were used lower aluminum electrode without tribocharging, and its
this study. The toner adhesion forces were distributed froradhesion force, most of which consist of van der Waals
10" to 10" N. force and surface tension of adsorbed water, to the
aluminum electrode was measured. The upper electrode
Introduction surface had an insulating resin coating of @&, in
thickness for avoiding charge exchange between the toner
Adhesion force of toners to carrier beads, photoreceptogsarticles and the upper electrode. In other words, the resin
and papers plays an important role in electrophotographicoating prevented the removing of toner particles deposited
performance. Adhesion force of toner particles consists afn the upper electrode to the lower electrode again. The
electrostatic force, van der Waals force, surface tension a@ésistivity and relative dielectric constant of the coating
adsorbed water, and so on. Since each force is correlatedresin were6.3x10" Q@m and 4.5, respectively.
others, it is not easy to evaluate the contribution of each
force to the total toner adhesion force. All the forces are
affected by many factors such as toner size, toner shape and == Integrator  »
toner charge, substrate morphology, environmental
conditions, etc.

Several studies have been made on the adhesion of W Insulation Resin
toners to various substrates, and their adhesion mechanism so-me| A Coating {(25um)  [X-Y chart
has been discussed. However, most of those studies '  leecagder
discussed only average adhesion force of toners to several  feasuring Cell
kinds of substrate¥.

Elzctrometer

Dhgital
haltimetar

Adhesion force distributions of toner particles to an |Potential
aluminum substrate were measured by toner jumping e Sweeper
method in this study. First, experimental procedures for High Voliage
measurements of toner adhesion forces by toner jumping Amplifier
method are described. Then experimental results are given. -1S00V Max
Finally the toner adhesion forces determined by the toner ) _
jumping method will be discussed. Figure 1. Toner adhesion force measuring system by toner

jumping method.
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The dc voltage applied to the electrode was increased at _ onerjump(t)
a constant rate from the initial voltagé, to a preset “(t)‘T ®)
voltageV__, and the occurrence of the toner jumping was
observed by measuring the current flowing between théhen, the number of toner particles jumped in a definite
electrodes. When the applied voltage reached the predgne can be calculated by integrating eq. (6).
value ¥ ), it was returned to the initial valuev(,)
automatically. Then, the toner moved from the lowerSample Toners
electrode to the upper electrode was wiped off. This step The toner jumping method can be applied to
was repeated about fifteen times for one measuremertpnducting powders, because it is based upon electrostatic
increasing the preset voltag€, (), and the adhesion force induction in particles. Several kinds of conductive toners
distributions were obtained. The voltage increasing rate waand polymer powders were used as samples, and their

kept to be 5 or 10 V/s in this measurement. adhesion forces to an aluminum electrode were measured.
Fundamental properties of the toners and polymer particles
Basic Theory used in this study are given in Tables 1 and 2.

When one of the toner particles begins jumping from  The toner was sprinkled over onto the aluminum
the lower electrode to the upper electrode, the followingelectrode for the adhesion force measurement. The particles
relationship is valid, coverage of the electrode was about 0.1mg/ohli the

measurements were made immediately after the toner was

Fe=Fa*Fg (@) sprinkled over.
where . . .
Table 1. Fundamental properties of toners used in this
F, = electrosttic force study.
=QE Toner ResistivityR Ocm dum] [g/cm]]
Q =inducedtonercharge A 3x10 7.6 18
B 1x10 11 1.8

E = magnitudef electricfield
F, =adhesiorforce
Fy =gravitatimalforce

d: mean particle size
p: specific gravity

Table 2. Fundamental properties of conductive polymer

The induced toner charge Q can be calculated as follows, particles used in this study.

Q=1.65x 47,1 °E ) Sample dfim] plg/cm]
wherer is the radius of the particle arg) is dielectric c 74 1
constant of the free space. Then, the adhesion force of a '
toner particle is given by D 32 1
Fa=F-F - E 50 1
4’ . -
=1.65x 47,1 2E? —% d: mean particle size
p: specific gravity
where pis specific gravity of toner particle and is <
acceleration of gravity. According to Hoshino and his co- =
workers, the current, . -due to toner jumping can be " i
written as follows: 200 |t A A . ‘{
. ! !
| =CdV /dt + 1 gnerjump: 4 i | liEds Hi
o . , , . {:
where ! i o B
| = total current
C = capacitance of measuring cell Figure 2. Dependence of current due to particle jumping on
dv/dt = rate of voltage increment voltage (current form).
Because W/dt is constant|,, ,., Can be measured. Results and Discussion
Here, if we assume thattoner particles jump in a unit time,
the following equation will be obtained, Adhesion Forces of Toners
| onertump (£) = Q(t) Ch(t) (5) Figure 2 shows voltage dependence of electric currents
. _ _ flowing between the electrodes due to particle jumping,
This equation can be written as follows, where the voltage was increased at a constant rate. The
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voltage at which the toner jumping began was shifted in 25

higher direction with an increase in repetition of =0
measurements. This result indicates that the toner particles . [a) 3 ample C
which jump up and adhere on the upper electrode never fall . PV A
from the electrode. ,lrI
The number of toner particles jumped up and adhered ! . - oy i
on the upper electrode can be estimated by integrating the 0 R N R . . . .
current in Fig. 2. As a result, the number of toner particles )
which detached from the lower electrode at a certain voltage ~ #*
can be evaluated. Some typical results are given in Fig. 3, & 2° A
which shows the numbers of toner particles jumped up and & 1s R !
adhered on the upper electrode as a function of voltage. EAT
B / N
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Weltage [V] Figure 5. Adhesion force distributions of three kinds of conductive
Figure 3. Dependence of frequency of toner particles jumped upelymer particles, where polymers were sprinkled over the
and adhered on the upper electrode on voltage. aluminum electrode.
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Figure 4. Adhesion force distributions of toners A and B, where ke size [m]

toners were sprinkled over the aluminum substrate. Figure 6. Particle-size-dependence of mean adhesion forces of
conductive polymer particles.

Figure 4 shows the adhesion force distributions for
toners A and B. The adhesion force distribution shifted ildhesion Forces of Conductive Polymer Particles
larger direction for toner B than toner A. This result can be  gimijlar results for the conductive polymer particles are
attributable to the larger particle size of toner B than tonegiven in Fig. 5. The sample C showed a similar adhesion
A. The adhesion force may consist mostly of van der Waalgyrce distribution as toner A, the particle sizes of both
force and some surface tension of adsorbed water in theggmples are nearly same with each other. The mean
cases. As a whole, the adhesion forces are distributed ovgghesion forces increased with an increase in mean particle

the order of 18 to 10" N, which is smaller by about an sjze as shown in Fig. 6. These results confirm that van der
order of magnitude than those of charged toner particles. \yaals force correlates to particle size.
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Conclusions 2. T. Muta, M. Kamata, Y. Hoshind?roc. IS&T’'s 11th Int.
Congress Advances in Non-Impact Printing Techrml 196
Adhesion forces of toners and conductive polymer particles  (1995).
were measured by toner jumping method, and following. A.Y. Cho,J. Appl. Phys 35, 2561 (1964)
results were obtained.
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