CHAPTER 4

RESULTS AND DISCUSSION

4.1 Toner Cloud Confinement condition

The control of the conductive to srimportant in applications such as

the non-impact printing. The Conductive vas sprayed freely on the electrode.
When more than a cei ' clectric field hadgbeen applied between the

electrodes, the conduc

by electrostatic force. hape, the conductive toner

was confined betwee areca. As stated earlier, the

electrodes used in the ex -* P css steel plate and the second
one, the ITO sputted transpare ’! [O glass was used for observing the

toner motion. The stainless steel plats 1s dented to a ¢ clshe
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4.1.1 Dependence of toner cloud concentration

oner at the cloud state

e

¢) toner after the cloud state E]

Figure ﬂ wé&%%a%%;wcﬂqoﬁ ?served by the ITO

glass, a) toner befdre the cloud state, b) toner at thi‘cloud state and Q(.:) toner after the

ants® WIRNTI U NUTIVIE 1R E

Figure 4-1 displays the photographs of the toner before the cloud state, the
toner at the cloud state, and the toner after the cloud state. Dispersion or scattering of
the conductive toner on the dented electrode was found before the cloud state. After

the voltage had been applied to the electrode, the conductive toner started to move up
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‘and down between the electrode by the electric force. The conductive toner on the
electrode was out of sight and became like a black cloud as shown in Figure 4-1 b).
When the applied voltage was stopped, the conductive toner moved down to the
dented electrode, which could be observed the ITO glass. It was confined on the

dented electrode as shown in Fig 1 ¢). The diameters of the toner cloud,
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Table 4-1 The averaged diameter of the toner cloud for the toner HMT2059-1 having

44x10°Qcm
Voltage | Toner amount The toner cloud diameter (mm) at
W) (mg) = , //)th of dented electrode (mm)
’K 0.5 1.0
‘// ’/‘\ \‘H 3.47 3.14
500 //A & n\\\\k\ .13 3.85
AN
i A )i ‘\ 54 527
3.47 | 2.99
3.77
O ————— 448
4.9
2.75
3.14
4.47
4.83

Average diameter of 3 measurements
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Table 4-2 The averaged diameter of the toner cloud for the toner HMT2059-1 having

57x10" Qcm

The toner cloud diameter (mm) at
Voltage | Toner amount

1.0

3.55

500 3.93

4.16

5.19

3.15

750 3.7

4.32

4.96

3.07

3.62

26

" 4.96

Average diameter of 3 measurements
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Table 4-3 The averaged diameter of the toner cloud for the toner HMT2059-1 having

7.4x10°Qem
The toner cloud diameter (mm) at
Voltage | Toner amount :
ofdgpth of dented electrode (mm)
™) \|

(mg) =

500

750

D.5

1.0

2.83

A=
Z/\ e
/ﬁ \ \\

3.94

4.1

5.12

275

3.78

3.78

4.71

2.36

3.46

61

32

Average diameter of 3 measurements
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As stated previously that the toner was in a cloud state in the dented electrode,
which could be postulated that some component in the electric force traveled toward

the central axis ® as shown in Figure 4-2.

Electric force to toner

Figure4-2 Schemati potion in the cone shape of dented

electrode. —.—.—.- Cen ?,;},-_ = - <

i i
Figure ﬁ Tjrg]s‘ﬁei TE ltﬁr i ﬂT
electric force hrw, toward the central axis. ectr

: ﬁ%ﬂ as shown by the
atic" field external to the
[ ] o
G LA UL R .
electric force lines between the electrodes from the cone area of the dented electrode
must always be perpendicular to the electrode surface and the ITO glass.
4.1.1.1 Toner cloud extent dependence on the toner concentration
The dependence of the toner cloud extent on the toner concentration

was studied using the cone shape dented electrode. Figures 4-3 to 4-13 show the

relationship between the conductive toner cloud diameter and the toner amount. The
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higher amount of the toner produces the larger diameter of the toner cloud during
toner jumping, resulting from the greater quantity of toner particles on the dented.
Furthermore, the extent of toner cloud also depends on the toner characteristic

resistivity, the applied voltage and the cone depth of the dented electrode as follows:

MT2 | _ &059-2, HMT2059-3 with the
resistivity of 4.4 x 10°, 5.7% 0™and 7.8 @pectively, are used for toner

cloud study.

3 spendenceof the toner cloud diameter
on the toner amount i i 14ing \i\n\\ atithe fixed cone depth of 0.2
mm. of the dented ele igh. diffc én % S \ ages of a) 500, b) 750 and c)

1000. The resulting lines s hexsitnifani : X\ traight lines with increasing
slopes. That is, increasing toner sfeascs the diameter of toner cloud.

isistivity, the higher the

-

s ' g,
resistivity of the toncisthe diaiicters. Therefore, one can

J i
observe the longest toner‘c‘I.p.ud diameter OLHMT 2059-1 (4.4 x 10® ©Q cm) and the

shortest toner ﬁq]luu&ea %I&M@%&L’] (f}l‘im.), while the HMT
R ARHITYETR Y



2 6.2 T —A— HMT2059-1 ;
E ss5] %
5 5 ! — 4 — HMT2059-2 ;
S 45+
E it | cwes |
= 35+ | --®--HMT2059-3 |
e 27 :
s 27
5 151
5 1+
=y 0_5 =t
E:. 0 : ; : f f |

1 12

45

| —A—HMT2059-1

B.5 = |
61 |
o 5.5+ | — #— HMT20592 {
£ 51 ---e | %
T 4.5 + | --.@--HMT20593 |
= {
g 3‘5‘ . ‘ ?
Es] 3+
s 2.5
S 2+
5} 1.5 +
g 1+
2 0.5 -
= 0 " 1 4

—&— HMT2059-1

H
H
!

i
— 4 — HMT20592 |

|
|
H

Ut gy DTy R
AN UNINYAD

L] i 1 ] 4 ]
T 1 T T 1 T

’I})_g @cloud diameter (mm)

02 0.4 0.6 0.8 1 12
Toner amount (mg)
)

Figure 4-3 Dependence of the toner cloud diameter on the toner amount

in their corresponding resistivity at the fixed cone depth of the dented electrode of

0.2 mm with different applied voltages of a) 500 V, b) 750V, and ¢) 1000V.
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Figure 4-4 Dependence of the toner cloud diameter on the toner amount
in their corresponding resistivity at the fixed cone depth of the dented electrode of

0.5 mm with different applied voltages of a) 500 V, b) 750V, and ¢) 1000V.
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Figure 4-5 Dependence of the toner cloud diameter on the toner amount

in their corresponding resistivity at the fixed cone depth of the dented electrode of

1.0 mm with different applied voltages of a) 500 V, b) 750V, and ¢) 1000V.
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Likewise, when the cone depth of the dented electrode increases, the diameter
of toner cloud does not increase significantly. The lines resulting from the effect toner
amount on the toner cloud diameter are similar to those at 0.2 mm. depth. The higher
toner resistivity (HMT 2059-1, 4.4 x 10® Q cm) still gives the larger diameter of toner

cloud as shown in Figures 4-4 to 4-5 ‘ i and Takeuchi found the similar trends

aving istivity tends to adhere strongly

. : - ‘ .
to give the larger threshold@*Voltage. ™ Trce lines have component

O

ént on the toner amount at
Figures 4-6 to 4-8.
> of the toner cloud diameter

on the toner amount at the appl at the toner resistivity of 4.4 x 102 Q

cm. with different cohe’ depths of the dented electrofiefof 0.2, 0.5 and 1.0 mm,
_‘ F
i ’ A
respectively. The toner hen ¢ oner amount increases.

I |
Cogsxdenng the mﬂu&’cmg factor of applied voltage on the

s o o] 348) 0 YALIIS N BTV Trocuces o tonges

diameter whereas the 1000 V gives tHe smallest diameter size of theéiténer cloud.
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Figure 4-6 Dependence of the toner cloud diameter on the toner amount
at three applied voltages for toner HMT2059-1 at the cone depths of dented the
electrode of a) 0.2, b) 0.5, and ¢) 1.0 mm.
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Figure 4-7 Dependence of the toner cloud diameter on the toner amount
at three applied voltages for toner HMT2059-2 at the cone depths of dented the
electrode of a) 0.2, b) 0.5, and ¢) 1.0 mm.
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Figure 4-8 Dependence of the toner cloud diameter on the toner amount
at three applied voltages for toner HMT2059-3 at the cone depths of dented the
electrode of a) 0.2, b) 0.5, and ¢) 1.0 mm.
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Similarly, Figures 4-7 to 4-8 show the dependence of toner cloud diameter on
the toner amount at the applied voltages and the toner resistivity of 5.7 x 10" and 7.4 x
10 Q cm, at the cone depths of the dented electrode of 0.2, 0.5 and 1.0 mm. The toner
cloud diameter increases with increasing toner amount in the same manner of that in

Figure 4-6. The lower applied voltage 09V} is found to givethe larger toner cloud

in Figure 4-6.

ﬂ‘UEI’JVIB‘ﬂ?WEI’]ﬂ‘i
9 mmnmmm NEAE

When the voltage was applied to the electrodes, the toner particles
were charged and then moved between the electrode due to the electrostatic force. The

applied voltages are 500, 750, and 1000 V.
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The electric force acting on the toner particle can be calculated by the

following equation:

Fe. = ¢E @-1)

particle and x is the displacement of particle, Equation (4-1) can be derived
in the second derivative equ irections as follows:
(4-2)
(4-3)

hS\toRer particle along the x and z
directions, which indicate the tonereioud ¢ " By using integrated Equations (4-2)

and (4-3), here, the tha ,,,r to be constants on the

X

position A, and V m the position A is then

4
il
i
.I

obtained. When the ti W

field. Asa ruleﬂ %EF%W' E}lw ivw ﬁ ﬁ}xﬂ ‘gtage was applied, the

displacement ofﬂ'le toner particle isdonger and mare towards thegcgntral axis of the

s Bl KGN il Sk BARILANL. o e

cloud dlameter than that at 500 V as previously.

1s a constant the dlsplacement then depend on the electric
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¢) The cone depth of the dented electrode
Dependence of the toner cloud extent on the toner amount at
the cone depths of the dented electrode of 0.2, 0.5 and 1.0 mm are shown in Figures

4-10to  4-12

effect of the cone depth of the
depth of the dented electrode
of 0.2 mm gives the bi i hil th "t mm produces the smallest

diameter.

while the 0.5 mm def . dented : : _,5 intermediate value of

\VE )
diameter. : L ’
K I

' I | |

[}

AULINENTNEINS
RINNTUNRINYIAY
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Figure 4-10 Dependence of the toner cloud diameter on the toner amount
for the cone depth of the dented electrode of the toner HMT2059-1 with 500, 750,
and 1000V.
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depths afé shown in Figure 4-13. The slope (m) of the cone depth of the dented

58

-sec l’ﬂ of the dented electrode at

electrode were obtained. The slope of the depth of the dented electrode of 0.2, 0.5,

and 1.0 m. are 0.4, 1, and 2, respectively. Since the slope of the depth of the dented

electrode is known, the position of z could be determined using the linear equation

(z = mx). The linear equations for the cone shape of the dented electrode at three

depths can be written as follows:
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Z 0.2 mm = 04x (4-4a)

Z 0.5 mm. = X (4-4b)

Z 1.0mm = 2x (4-4c)
Here, the positignyX of the toner one particle was assumed to

be 0.3 mm. The displacement alg 187 dirodtie Zo2mm = 0.12, Zgs mm= 0.3, and

Z10mm = 0.6 mm. The po —— and 7 % (ﬁn’e 4-10.
—

LN o the surface of the dented electrode,

NS

which imposes to the i } ; .- re 4-13. The electric force line

must always be perpe | e ‘ ‘ ‘ \\\

electrode at three dep

ic force line of the dented

= central axis of the dented

electrode.

Because {F{:“: 2¢ line of the deeper cone depth of the
dented electrode caiiiga Eaand hegeentral axis of the dented
electrode, therefore, i ‘ electrode, the smaller the
toner cloud. ”J

ﬂuﬁﬁwﬂﬂ§Wﬂwni

4 1.2 De%lendence of toner Juppmg curren

The toner jumping current is normally measured by the toner cloud generation
method, the conductive toner particles are sprinkled over on the cone shape, dented
electrode. The dc voltage applied to the electrodes and the occurrence of the toner

jumping to generate the toner cloud can be observed and quantized by measuring the
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current flow between the electrodes. The toner jumping current can also be detected

by the electrometer.

Considering the current caused by the toner jumping between the electrode, as

a rule of current flow parallel to iE, the current I, can be written as shown in Equation

(4-5)
I S ' (4-5)
where n is the n p@the electrostatic change on
the toner, b is the electri Ao b i ular v 3 ~ ity.per unit electric field), and E
(t) is the applied electri

Toner cloud co e the current flow between

the electrodes, at certainfelegtrig' | ’ to‘p e information yielded by the cone

shape, dented electrode of" thgfapplik amount, and the characteristics

tr‘r .".-:.l-"

4.1.2.1 e ' n{fon the toner amount

Depen #toner amount was studied
; : r',
!
using the cone shape ented electrode. Three types of conductive toner namely

HMT2059-1, Hﬂ‘%ﬁ %W!}Wﬂ’?‘eﬂ)@% resistivity of 4.4

x 10%,5.7 x 107 and 7.4 x 10° Q cmagvere sprinkled, over the electggde. The amounts

orse ol W0 6N b Rl 'Ml;l 'lsﬁ b and 1000 v

were each given to the electrodes. When the threshold voltage or higher is applied

toner resistivity.

between the electrodes, the conductive toners move up and down between the
electrodes. This is because the toners are charged by conduction from the electrode
under the electric field applied, and the electric force works on the toners. The current

on the toner amount from which the beginning voltage for the toners to jump and the
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magnitude of the electrical current due to toner jumps could be obtained. Tables 4-4

to 4-6 show the results of the toner jumping current at several experiment conditions.

Table 4-4 The averaged toner jumping current of the toner HMT2059-1

N7
Voltage neénent (nA) at
A& depth of dented electrode (mm)
0 N
» 1.0
20
500 25
41
58
62
750 | | ' 85
ﬁil EJ)’J 1l EJ‘%%W Eﬂg’]ﬂl"i &
I8 €387 241 ol 45‘7!
iy )r%m (- ﬂsf—
1000 0.5 544 271 248
0.8 803 456 236
1 898 568 307

Average toner jumping current is the mean of 3 measurements




Table 4-5 The averaged toner jumping current of the toner HMT2059-2

Voltage Toner Toner jumping current (nA) at

a depth of dented electrode (mm)

\ /

1.0mm

15
500 37
109

114

100

750 147

224

Average toner jumping current is the mean of 3 measurements
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Table 4-6 The averaged toner jumping current of the toner HMT2059-3

Voltage Toner jumping current (nA) at

1.0mm

55
500 82
109

114

216

750 234

344

441

419

598

#
CLRENp bRl be

Average toner jumping current is the mean of 3 measurements

Figures 4-14 to 4-22 show the relationship between the toner jumping current
and the toner amount of the toner characteristic resistivity. The higher the toner

amounts, the higher the toner jumping current. When the high amount of the
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conductive toner was used, the toner particles charged by the electric field between
the electrodes also increased. From Equation (4-5), the amount of current should
depend on the number of the toner particles. When the number of the charged toner
particles increased and started to move, the toner jumping current increased in

conjunction with the increasing numbe ecause electric current is caused by a flow

is the result of the incr Qhe electrical charges during

the toner jumping.
er resistivity

al toner resistivity of 4.4 x
et amount of 0.3, 0.5, 0.8 and

1.0 mg. The applied voltage 7 i this are 500, 750 and 1000 V. The

The toner jumpifg current in Figure 4-14 incréasts) with an increase in the

\F LY
toner amount from 0. ,Ir 3 oh fr’ ¢s with the position slopes
' i

are all obtained for the toger Aumpmg currents of all three toners.

bl TRl T TE TR T S—

current and the toner amount and tHe toner charasteristics resistigity at the applied
higher %aﬂn a)\ln ammgtg-cl] ﬂnlcnfﬁ)ﬂ resistivity as

that the lower toner resistivity gives the higher jumping current.
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Figure 4-14 Relationship between the toner jumping current and the toner
amount for the different toner resistivity at the applied voltage of 500 V and the
cone depths of the dented electrode at a) 0.2, b) 0.5, and c¢) 1.0 mm.
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Figure 4-15 Relationship between the toner jumping current and the toner
amount for the different toner resistivity at the applied voltage of 750 V and the
cone depths of the dented electrode at a) 0.2, b) 0.5, and ¢) 1.0 mm .
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Figure 4-16 Relationship between the toner jumping current and the toner
amount for the different toner resistivity at the applied voltage of 1000 V and the
cone depths of the dented electrode at a) 0.2, b) 0.5, and ¢) 1.0 mm.
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As a rule of thumb, the following relationship has long been established:

E = Jp (4-6)

written:

(4-7)

area. The conductivity of
the toner three types of condugtive - __ 9-1, HMT 2059-2, HMT 2059-3)
can be calculated by c=1/p _,y _ 75 x 10® and 1.35 x107 (Q cm)’,
respectively. Theref 03 ’—M__r he conductivity renders
the greater toner jumi ‘I curre ‘:;J

@n,the toner amoung,at the applied voltage

ﬂ ‘UTEJ ’l‘lﬂeﬂ?ﬂfﬁ W) Fladureent on the toner
o\ T T L TiT:]

Since the extent of toner jumping current depends largely on the depth
of the dented electrode, the relationship between toner jumping current and toner
amount is then undoubtedly controlled by the amount of toner filled in the depth of
the dented electrode. The toner jumping current increases when the toner amount

increases. As the applied voltage is an effective factor controlling the toner jumping
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current in a direct proportional manner, then the higher the applied voltage, the
greater the toner jumping current. The lines of toner jumping current are similar in all
depths of the dented electrode.

The same manner is found for other toner amounts. Because the

amount of current should depend on electric field (E), and E depends on the

\/

-
\l
voltage (V)" Based on Eq atior <5) ,:,; Qiér jumping current depends on the

applied electric field, and “'-‘;‘. voltage-~Heneesdyoc V, therefore, the higher the

voltage, the greater the jumpPInge ‘4t of toner» Heneey I < V.
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Figure 4-17 Relationship between the toner jumping current and the toner
amount at three applied voltages for the toner HMT2059-1 at the cone depths of
the dented electrode 0f 0.2, 0.5, and 1.0 mm .
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Figure 4-18 Relationship between the toner jumping current and the toner
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Figure 4-19 Relationship between the toner jumping current and the toner

amount at three applied voltages for the toner HMT2059-3 at the cone depths of

the dented electrode of 0.2, 0.5, and 1.0 mm.
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¢) On the toner amount at the cone depth of the dented electrode
The effect of the depth of the dented electrode on the toner jumping
current is shown in Figures 4-20 to 4-22.

Since the amount of toner is the controlling factor for toner jumping,

therefore, it is a logistic way to relate the current with the amount of toner at several
depths. These results in these res Shoy/ti? he toner jumping current increases

when the toner amounts inei 1‘ s At the ﬁ@esistivity and applied voltage,

amount. Its effect becomes

‘ | \\\\ bth of the dented electrode
DN

allows the greater ton ] e 2 1Ce .wWhen decreasing the toner,
the jumping current inc yias h iniFigures 4-21 and 4-22.

e frc A" dented electrode to the lower
electrode might be the controll :r.i, -; 3 pallower the cone depth of the dented

LTRIIA S
“curren . .‘,r es at the shorter distance

electrode, the highe rip
between the two eleedoc : A9 ieve the higher jumping
'II ' |
{ . .IJ

ﬂUEJ’JVlEJWI‘iWEJ’]ﬂ‘i
Qmmn‘smumawmaa

current.
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Figure 4-20 Relationship between the toner jumping current and the toner
amount for the cone depth of the dented electrode three hollows of the toner
HMT2059-1 at the applied voltages of 500, 750, and 1000V.
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amount for the cone depth of the dented electrode three hollows of the toner
HMT2059-2 at the applied voltages of 500, 750, and 1000V.
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amount for the cone depth of the dented electrode three hollows of the toner
HMT2059-3 at the applied voltages of 500, 750, and 1000V.



77

From Equation (4-5), one can see that n, q and b can be fixed as the material

constants, then I; o E(t), or the toner jumping current depends significantly on the

applied electric field to the electrode.

As the electric field was approximated by the ELFIN software, we found that

sthlof dent electrode as shown in Table 4-7

Table 4-7 The magnitude of the , £¢eldfrom ELFIN software
o,

Voltage

500

750

;

%1000

’ o ¥

UYANYNENYHS,
AR AT 7T ©

437x10°

1 4.07x10°

It was found in Table 4-7 that the the shallower the dented electrode depth,

the more magnitude of the electric field, therefore, the shallower depth of the dented

electrode produce the higher jumping current.
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4.1.2.2 Dependence of toner jumping current on applied voltage
After a certain level of voltage was applied between the electrodes, the
conductive toner moves up and down between the electrodes because the electric field

approaches a threshold value. Therefore, a detachment of the conductive toner

particles from the dented electrode wa: ained. When the electric field exceeds the

AU INENINYINS
ARIAATAUNN TN



Table 4-8 Dependence of toner jumping current for HMT 2059-1 on the applied voltages at various toner amounts and depths of the dented electrode.

889_\ ! : 560
qul

wlhd 4
The to nt (nA)
Voltage Toner amount: 1.0 mg Toner amount: 0. === Toner amount: 0.5 mg Toner amount: 0.3 mg
W) The cone depth of dented electrode The cone depth of d e § L@ sdepth of dented electrode The cone depth of dented electrode
0.2 mm 0.5 mm 1.0 mm 0.2 mm 0.5m e 0.5 mm 1.0 mm 0.2 mm 0.5 mm 1.0 mm
0 0 0 0 0 0 7R ) 0 0 0 0 0
100 0 0 0 0 0 TN o 0 0 0 0
Frsel’
200 s 4 2 3 2 L2 AN s 3 3 2 1
300 12 10 8 11 9 2R 1 6 7 12 7 6
400 32 15 14 26 13 U 5 14 14 22 15 13
TR
500 108 25 38 76 26, 14 d o 16 21 42 32 20
600 117 62 45 125 i 32 27 54 37 24
700 256 78 83 188 1320 6 75 64 125 65 37
800 498 266 191 476 270 ¢4 139 L 256 141 119 258 157 87
DAL G L™ Ly o
900 718 372 267 n2_ |1l I d Vise) 1|['1 dos 159 359 184 99
1000 898 607 307 236 544 323/ 248 472 260 180

6L




Table 4-9 Dependence of toner jumping current for HMT 2059-2 on the applied voltages at various toner amounts and depths of the dented electrode,

The toner j 7z, ent (nA)
Voltage Toner amount: 1.0 mg Toner amount: 02 “====Toner amount: 0.5 mg Toner amount: 0.3 mg
V) The cone depth of dented electrode | The cone depth of d { The.cc "depth of dented electrode | The cone depth of dented electrode
0.2 mm 0.5 mm 1.0 mm 0.2 mm 0.5 mm wm 0.5 mm 1.0 mm 0.2 mm 0.5 mm 1.0 mm
0 0 0 0 0 0 e NN 0 0 0 0
100 0 0 0 0 0 'NE a\\\\\‘ 0 0 0 0 0
200 5 3 1 2 1 # FF. 050 1 0 1 1 0
300 15 9 7 13 11 MR 1 9 8 8 7 5
400 136 37 18 92 34 ”fig—' 8 25 20 58 16 15
500 293 56 24 207 2l A 48 37 109 31 46
600 338 117 73 229 )\ 7-; 7 89 49 173 63 61
700 531 251 145 382 a4 [ 86 4 141 102 282 126 71
800 1144 434 352 868 "; 1 f!i 1 . W 40 261 214 323 209 138
900 1520 678 471 1165 ﬂq]-W ?%ﬂ% {52 274 405 326 172
q ‘

08



Table 4-10 Dependence of toner jumping current for HMT 2059-3 on the applied voltages at various toner amounts and depths of the dented electrode.

bl g
The; @z (nA)
Voltage Toner amount: 1.0 mg Toner amount: (g “====Toner amount: 0.5 mg Toner amount: 0.3 mg
V) The cone depth of dented electrode The cone depth of d de | |0 epth of dented electrode The cone depth of dented electrode
0.2 mm 0.5 mm 1.0 mm 0.2 mm 0.5 mm : 0.5 mm 1.0 mm 0.2 mm 0.5 mm 1.0 mm
0 0 0 0 0 0 75 0 0 0 0 0
100 2 0 0 1 0 2 () & 0 0 0 0 0
200 5 4 3 3 2 Nte: 1 0 1 0 0
300 41 22 15 35 16 A7 2 7 5 15 9 5
400 338 145 49 205 50 f; =B 42 26 43 27 20
500 605 204 114 554 g | 0 | 68 52 91 42 38
600 828 290 189 747 1 5 _ 108 111 100 80 69
700 1480 386 253 1065 336'&' 89 !lh 288 183 151 144 130
800 2259 531 521 2157 S ¢ ; i %453 1 . ;‘Ui !EEI ~ h_ém 313 323 249 186
900 2683 894 661 2549 5 1 405 398 378 322 222
1000 3217 1078 973 314;_“%?@% o 62? Q140 ’{@Qn I,,P;%Jp [ 588 401 386 361
v NNTIdbR NVl T o ovo

18



82

a) On the applied voltage at the toner characteristics resistivity
The dependence of the toner jumping current on the applied
voltage for the three HMT2059-1, HMT2059-2, and HMT2059-3, which have the

resistivity values of 4.4x10%, 5.7x10" and 7.4x10°Q cm, respectively, was

investigated. The results are shown , es 4-23 to 4-26.
/ &d the cone depths of the dented
electrode of 0.2, 0.5 and 10"y er jumping current as shown

d approached a threshold
value, the toner jumpin ngfidcfeases gradua | nigher the applied voltage,

the greater the toner j characteristic resistivity,

the toner HMT2059-3 r jumping current than the

toners HMT2059-2 and H X 7 oures 4-24 to 4-26 show the

dependence of the toner jumping ent-on the applied voltage at the toner amounts

of 0.8, 0.5 and 0.3 mg eléctrode of 0.2, 0.5 and 1.0

7 Y
mm. Similar results arésbt Itages creased and approaches

v ul
a threshold value, the t(aner jumping current increases gradually. The higher the

applied voltagﬂﬂuggta t%] %mw &rqt ﬂl@ lower characteristic

re51st1v1ty toner glves the higher tonef jumping curzen

QW]Mﬂ‘ifUﬂJ‘m’Jﬂﬁﬂﬂﬂ
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Figure 4-23 Dependence of the toner jumping current on the applied
voltage at the toner resistivity and the toner amount of 1.0 mg with the cone depths
of the dented electrode of 0.2, 0.5, and 1.0 mm.
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Figure 4-24 Dependence of the toner jumping current on the applied
voltage at the toner resistivity and the toner amount of 0.8 mg with the cone depths
of the dented electrode of 0.2, 0.5, and 1.0 mm.
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Figure 4-25 Dependence of the toner jumping current on the applied
voltage at the toner resistivity and the toner amount of 0.5 mg with the cone depths
of the dented electrode of 0.2, 0.5, and 1.0 mm.
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Figure 4-26 Dependence of the toner jumping current on the applied
voltage at the toner resistivity and the toner amount of 0.3 mg with the cone depths
of the dented electrode of 0.2, 0.5, and 1.0 mm.

86



87

Figures 4-23 to 4-26 show the dependence of the toner jumping current
on the applied voltage for three types of toner characteristic resistivity. We can
estimate the threshold voltage for the toner jumping current as shown in Figures 4-23
to 4-26. We can determine the range of threshold voltage, at which the toners start
jumping. For the toner HMT 2059-3 with)7s4, x 10° Q cm, the threshold voltage is 400

t0 500 V. We also found the.higher thresh
. "‘"-.____

HMT2059-2 having the “HiBHEF gosistiVity QOS and 5.7 x 107 Q cm,

respectively. As mentiQa

The higher conductivi moye the tonersup to the upper electrode.

N
L\

ne \\: ping continues. The rates of

When the toner jumping starts to

depend upon the charging time

constant or the relaxation time. Th g time constant can be expressed as: 6.7
4 (4-8)
where G 151 fhe~toner surface and the upper

&1

electrode and R; is the reglstance of the ton ayer Whether or not a material obeys

s o, 3489 Eie%@‘lﬂ | gt resisviy. e

time constant is a meaSure of howsfast the condueting approaches
electrost nalﬁ.\g T;] gemygmnjcasmﬂ’tlanuMT 2059-1,
HMT 2059-2, and HMT 2059-3 depend on the resistivity of these toners. The
relaxation time of the toner HMT 2059-1 is the longest time, therefore the toner

moves up to the upper electrode with the larger threshold voltage.
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b) On the applied voltage at the cone depth of the dented electrode

The dependence of the toner jumping current on the cone depths of
dented electrode of 0.2, 0.5 and 1.0 mm are shown in Figures 4-27 to 4-29.

Figure 4-27 shows the dependence of the toner jumping current on the

cone depth of dented electrode for the jtoner, HMT2059-1 and the toner amounts of

”, )3 is increased to approach a
#

threshold value, after whieh™the=jampirg currents ases. The higher the applied

1.0, 0.8, 0.5 and 0.3 mg.

voltage, the higher the tong

Similar

Moreover, the higher tofi€r jiimp: el Obt v“. en the depth of the dented

electrode is shallow, thefefofe, a‘. \, \.\\ een the two electrodes can
2

produce the higher toner jdnping c va"

BN 2

.'lll
AULINENINeINg
RN TUNRINYINY



1000 + —©—0.2mm
Tﬁ..’ 800 - —B— 0.5mm
=
o
5 600 - —A— 1.0mm
o
& 4001
5
3|
5 200 -
8
é’ 0 + + i

0 100 200 300 400 500 600 700 800 900 1000 1100
voltage (V)

1000 T —©0— 0.2mm
E 800 + —B—0.5mm
g
g 600 + —A— 1.0mm
=
(3]
£ 400+
f=9
5 200
5 T b e, —
- - T S

d

= ,.\\'.\‘\u 800 900 1000 1100

vy

5 7 A0
o: WAN
YA\

The toncrh&)urrent (nA)

ST AN
oM )

1000 - | —0—02mm {
< Wl i !
g 800 - ’N’& g ' i —B—05mm |
= L 1 i i

] i H
§ 600 L ' —A— 1.0mm i
=
£ 4001
E
&=
5 200 +
g
2 OE
- 1100
‘o c) 0.8 mg »
' ’ Y 1 3 . —o—o02mm |
M . ! !
| —B—05mm |

100 200 300 400 500 600 700 800 900 1000 1100
Voltage (V)

d) 1.0mg

Figure 4-27 Dependence of the toner jumping current on the applied
voltage at the cone depths of the dented electrode for the toner HMT2059-1 and

the toner amounts of 1.0, 0.8, 0.5, and 0.3 mg.
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Figure 4-28 Dependence of the toner jumping current on the applied
voltage at the cone depths of the dented electrode for the toner HMT2059-2 and
the toner amounts of 1.0, 0.8, 0.5, and 0.3 mg.
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Figure 4-29 Dependence of the toner jumping current on the applied
voltage at the cone depths of the dented electrode for the toner HMT2059-3 and
the toner amounts of 1.0, 0.8, 0.5, and 0.3 mg.
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On the other hand, the range of threshold voltage is also found in a similar
manner. When the deeper depth of the dented electrode (0.5 and 1.0 mm) is used, the
threshold voltage is in ranges of 500 to 700 V.

From Figure 4-13, we can found the distance between the electrodes and the

slope of the cone depth of the dented &légtrode at three depths. The cone depth of

ld was approximated, which

depends on the cone the adhesion force can be

estimated as shown in

(4-8)

where gy and S are th ye ghesion force of the toner jump, faan

increased by the hig ‘ - :--.:':—:—“,—.-- —— v
Yy,

Y

Therefore, the l 0 S ?"J‘ ode reduces the threshold

AU INENINYINS
RIS T ng 4

The ELFIN software simulates the movement of the conductive toner particles

voltage.

in the electric field. The conductive toner particles move up from the dented
electrode to the pulling electrode (ITO glass). The electrical field forces and the air

draught forces affect the simulated particles.
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The first step, the element data was created. At this point, the position, length
and field strength of each element has to be provided. Then, the initial conditions
need to be given. Using this information, the toner particle trajectories are computed.
The initial conditions consist of the charge of particle of —2x10'® C, the mass of

particle of 5.24x 10" kg, k constant of 1.71x10? kg/ sec. The applied voltage and the

cone depth of dented electrode for initial ¢gnditions are given in Table 4-10.
Table 4-11 The initial co@NIOMETRthe é jumping traj
able 4- e initial conditions 168 ‘ £a e toner jumping trajectory

Depth of dents

Electrode (mm

0.2

iy,
The etest.mai PRgra sed 10 calculate and analyze the
[ iF |

electric field and the Wng fetest) calculated the electric field and the electric force

e I ANYNTNYINT
ARIANTAUIMINGIAY
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Figure 4-31 The electric force lines at the cone depth of dented electrode of

0.5 mm and applied voltage of 1000 V
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Figure 4-32 The elg€tri fer¢é~'1ine§j${ the\gon‘e depth of dented electrode of
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1.0 mm and applied voltage o 0065 —"7?
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These results‘?@.canﬁ;m.nhc.dm:xﬁzﬁgyforce line, which carries
components directly to:\frd to the central Was cqnﬁrmed that the cone shape
1‘_"‘

of the dented electrode i effective in confiming the conductive toner cloud. The

Coulomb’s lawﬂ lJ ﬁJXQMsEJMﬁ mﬂi:]qmeied to calculated this
" rIRIANN ﬁm NI d18 ;jshed -

When the toner jumping trajectory computation
ELFIN/Bench, the Wmap then showed the toner jumping particle trajectory of one

particle, as shown in Figure 4-33.
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trajectory and eithenit' the
A

shown in Appendix C.j This research determi

E
e (‘?)'ner jumping trajectory by
4

plotting the positions X and Z.as shown in Figures 4-34 to 4-42.

Figure @MEJ ta mignl mhjtom EJ ;Ltlgf the cone depth of
demed?ﬁﬁﬁ E@ﬂ'ﬂ%’f@iﬁ’fﬂ”ﬁ G .
toner partgcle moving up an etween the electrodes 1s’slown in Figure 4-34.

The distance between the electrodes is 0.7 mm. From Figure 4-34, the graph was
plotted between the positions of the toner particle in Z-axis and X-axis. The relation
shows that the particle trajectory is in the direction of the electric force line, which

moves toward the central axis. This simulation illustrates the toner trajectory that
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moves up and down three times to generate the steps of moving up and moving
down. This toner trajectory has 18 moving-up steps and 16 moving-down steps for the
move up and moves down motions for three times of double direction (up and down).
The values of the positions and distance in each step are shown in Appendix C.

Moreover, the position X of the maximugjtoner moving up and the minimum toner

moving down are presented in Tab e 4~ tV
S /

Figures 4-35 and 4+

owsthe tioé at the voltage of 500V for
the cone depth of the dents / N. g, zespectively. Figures 4-37 to
10N & / 50V for the cone depths of

4-39 show the motio

dented electrode of 0.2,.8 442 show the motion of the

toner at the voltage 1000 fg ‘__co pths of dented @lectrode of 0.2, 0.5 and 1.0
mm. The results from Figfiresi-33,194-40%re, si ilar %o that of the Figure 4-34. The

distance between the two electrots f" o] 1-35, 4-38 and 4-41 is 1.0 mm; for

e . '._
Figure 4-37 and 4-40 73§ ¢ d for 397and 4-42 is 1.5 mm. Al
the toner trajectory [ires @ c ,." force line towards the

I8 X

central axis. The values of the position and distance in each step are shown in

Appendix C, Tﬁ r%l%js’a %%é]d% wagq ﬂv%g—down step of each

condition are shown in Appendix C. Moreover, the&)smons X of aximum toner

moving B} ﬁﬁﬁiﬂ!&ﬂ&%@%&l&ﬁﬂm a2



Table 4-12 The positions X of the maximum toner moving up &‘ /& er moving down for all conditions

The applied voltage The cone depth of Start step e step Moving down step
of dented electrode A \

(Volt) (mm) 0 L TR A\ 5 2 4 6
0.2 0.49937 0,488 1487247 | 0.486476 | 0.498752 | 0.498314 | 0.497495

500 0.5 0.498945 0 q 0.462699 | 0.461205 | 0.497861 | 0.497110 | 0.495036
1 0.498783 HB&L5 1% 416051 | 0.414262 | 0.500702 | 0.499590 | 0.498062
0.2 0499061 A DAE 86685 | 0.485491 | 0.497040 | 0.495870 | 0.494697

750 0.5 0.49 ' 0 10.459414 | 0.494995 | 0.492137 | 0.490114
1 0.498 0.409023 | 0.496148 | 0.492870 | 0.489628
0.2 0.498743 0. 0.4861 0.484519 | 0.497494 | 0.495882 | 0.494969

1000 0.5 0 749 & % 460466.] 0.457933 | 0.493378 | 0.490659 | 0.488267
1 %ﬁ%&ﬁ"h 1416 7&@361 04406527 | 0.494950 | 0.491551 | 0.487095

ARIAATUUM TN
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Figure 4-35 Motion of the toner for the depth of a dented cell of 0.5 mm (500V)
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Figufe 4-37 Motion of the toner for the depth of a dented cell of 0.2 mm (750V)
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Figure 4-39 Motion of the toner for the depth of a dented cell of 1.0 mm (750V)
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Figure 4-41 Motion of the toner for the depth of a dented cell of 0.5 mm (1000V)
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Figure 4-42 Motion “of a dented cell of 1.0 mm

(1000V)
The numbersio%. the movino-up step and the movingtdown step of the toner
AYE Y
particles refer to the tirﬁ fo 3 el between the electrodes.
!

The results from Appendig Byshowing the nymbers of the moving-up and down steps

found in the coﬂiuﬂ Q mﬂﬂ:nj M EJ IJ ;hed voltage of 1000
\./ have im ﬁf m aﬂ %rBOV,T teps. So, the

time of the toner movement between the electrodes 1S of ¢ longer. This
observation is caused by the wider distance between the electrodes and the higher
voltage.

The results in Figures 4-34 to 4-42 and Table 4-12 so obtained indicate the
positions X of the toner particles and its movement in the up and down directions. So

we can determine the tendency of the toner cloud extent, which depends on the cone
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depth of the dented electrode and the applied voltage by plotting the positions X and
Z in all conditions. The comparison of the toner jumping trajectory dependence on the
cone depth of dented electrode in the toner cloud state is shown in Figures 4-43 to
4-45.

Figure 4-38 shows the toner jumping trajectory dependence on the cone depth

of the dented electrode at the app tage/Of 500\, The toner motion for the cone
depth of the dented electro ' of lines towards the central

ice. line, so, the electric force

\ ) & ore, the deeper the cone
AN
Q e oner jumping trajectory

dependence on the cone d o déntedlelectro '\ at'the applied voltage of 750V

axis. Since the toner parti
carries the components
depth of dented electro

Likewise, Figur v
and 1000V. The results are sirmm A Figure 4-43. Therefore the toner

ed voltage as shown in

jumping trajectory i" e
')

oI

|
i |
i

210,

Figures 4-46 to 4-48.

1
"
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Figure 4-44 The toner jumping trajectory dependence on the cone depth
of the dented electrode at the applied voltage of 750V
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Figure 4-46 The toner jumping trajectory dependence on the applied
voltage at the cone depth of dented electrode of 0.2 mm
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Figure 4-48 The toner jumping trajectory dependence on the applied
voltage at the cone depth of dented electrode of 1.0 mm
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4.3 Morphology of the conductive toner

The scanning electron micrographs of all the conductive toners as shown in
Figure 4-49, reveal that all toners have irregular shapes. Figure 4-50 displays the

SEM photographs of the conductive, t v particles, which have the particle shape

approaching the spherical-like s%}x /// ,

¢) The toner HMT2059-3

Figure 4-49 Scanning electron micrographs of the conductive toner a)

HMT2059-1, b) HMT2059-2, and ¢) HMT2059-3. (X1000)
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Figure ﬂﬂuammg echLEIJ :ﬂgﬂ gjﬂg cﬂd tive toner particle a)
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