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Abstract

A new mechanism—incorporating a nip stabilizer—to
increase the speed of liquid development was developed.
The nip stabilizer stabilizes the contact of the liquid toner
with the latent image during high-speed printing. It was
experimentally shown that the new mechanism can
improve the developing speed by over four times the
original limit speed.

Introduction

In recent years, demand for high-quality short-run printing
has increased, and a liquid-development process using
liquid toner can meet this demand because it can achieve
good image quality and high resolution. A liquid toner
consists of an insulating liquid carrier in which charged
submicrometer toner particles are suspended. The liquid
toner contacts the electrostatic medium on which a latent
image is formed and develops it faithfully by
electrophoresis.

The conventional liquid-development process uses a
low toner density, typically less than 1 wt%. To obtain
enough toner particles to develop the latent image, it is
necessary to supply a large quantity of fresh liquid toner to
the development area. And the conventional process
requires a toner-circulation system and a toner-density
control unit, which make the printer equipment complex.
To solve these problems, the authors developed a liquid-
developing unit that uses a highly concentrated liquid toner
with a density of over 10 wt%. We previously reported that
the new developing system could eliminate fog by applying
an optimal developing bias potential, between the
electrostatic medium and the developing roller, and other
optimal developing conditions”. We also proposed a
mechanism to explain liquid development using a highly
concentrated liquid toner”.

In the present study, to increase the speed of liquid
development, a simple developing mechanism using a nip
stabilizer was developed. A nip stabilizer can stabilize the
contact of liquid toner with a latent image during high-
speed printing. It was experimentally shown that the new

system can improve the developing speed over four times
the original limit speed.

Model of Liquid Development

Figure 1 shows a conventional model of liquid
development. A latent image is formed on the electrostatic
medium, and charged toner particles move toward the
image and electrically deposit on the medium.

The model assumes that toner particles are subjected
to a Coulomb force and Stokes drag during electrophoresis;
optical density D at time t and the time constant of
development T are therefore given as

D = D, {1-exp(-/7)} + D, 1)
and

7=(C, + C)L/(avQ, + 0), 2)

where Dy is saturated optical density, D; is initial optical
density, Cs is the capacity of the electrostatic medium, C, is
the capacity of the electrostatic ink, a is the initial toner
density of the electrostatic ink, v is the mobility of the toner
particles, Q, is charge density, and © is leak current.
Equation (1) was derived by assuming a linear
relationship between the weight of the adhered toner and
its optical density. The optical density can be described
with Equation (1) by using the proportional coefficient
obtained from Figure 2, which shows the relationship
between the weight of deposited toner and optical density.
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Figure 1. Model of liquid development
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Figure 2. Relationship between weight of deposited toner and
optical density of toned image

In this figure, the difference between the optical
density of the toned image, D, and background density D,
is shown as optical density. It is clear that optical density D
increases linearly with increasing weight of adhered toner.

Estimation of Development Characteristics

To achieve good printing quality without fog in a
developing system using highly concentrated liquid toner,
a developing bias must be applied. The bias potential
applied to the developing roller is assumed to be large
enough to deposit all supplied toner particles on the
developing roller. The amount of toner particles deposited
in developing time t can be calculated from Equation (1).
And the amount of supplied toner particles can be
calculated from the thickness of the liquid-toner lamina
around the developing roller and the peripheral velocity of
the developing roller (Figure 3). The developing bias is
assumed to be large enough to deposit all supplied toner
particles on the developing roller.

Under the above assumptions, the minimum
developing bias to avoid fog can be estimated from the
following equation.

qid ~a "t=Vq 1g a -t 3

Vp > (g ~dg)illv -t -{1-exp(-t/1)}] “

Figure 4 shows the relationship between toner density
and minimum developing bias potential. To estimate the
bias potential, measured mobility and the ratio of the
weight of deposited toner to optical density were used.’
The estimated bias potential agrees well with the measured
one by considering counter ions.

With the aim of achieving high-speed liquid
development, we determined the relationship between
process speed and weight of deposited toner by using
equation (1) (Figure 5). This estimation is held under the
condition of toner density of 15wt% and a developing gap
of 0.5 mm. This result shows that when the mobility of the

toner is 2 x 10”m’/Vs, liquid development at high speed,
i.e,, 1 m/s, is possible, and higher toner mobility can
improve the potential.

Experimental Apparatus

Figure 6 shows a schematic view of our previously
reported experimental apparatus. The ink tank is filled with
highly concentrated liquid toner in which the developing
roller is partially immersed. A lamina of liquid toner forms
on the rotating roller, and the thickness of the lamina is
kept within the allowed range by the filming blade held
against the roller. The backboard electrode is grounded,
and a developing bias potential V, is applied between the
roller and the electrode. The electrostatic medium on
which the latent image is formed passes between the roller
and the electrode at speed v, while the developing roller
rotates, opposite to the direction the medium is carried, at
speed vq. The development gap between the developing
roller and the electrostatic medium is given as &d.
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Figure 3. Model of nip area
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Figure 4. Relationship between toner density and minimum
developing bias potential to avoid fog
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Figure 5. Relationship between process speed and weight of
deposited toner (calculated)

This experimental apparatus was used for development
tests on one kind of liquid toner with several toner
densities. (5-20 wt%); accordingly, the optimal developing
conditions for high-quality images without fog were
identified.

This mechanism can realize a simple liquid-
development system with good developing capability at a
process speed of less 100 mm/s. The developing speed is
limited by the stability of the nip area, and at over 100
mm/s, liquid toner is separated from the electrostatic media
and development is not possible.

To stabilize the contact of liquid toner with the latent
image during high-speed printing, we fitted a nip stabilizer
on the developing roller. Figure 7 shows a schematic view
of the experimental apparatus including the nip stabilizer.
The nip stabilizer can widen the nip area by capillary-tube
action. The nip stabilizer is settled on the upstream of the
nip area. Because the nip area does not widen downstream
of the nip blade, the developing condition is almost the
same as that for the system without the nip blade.

This system also has an ink-supply roller. The gap
between the developing roller and the ink-supply roller
controls the thickness of liquid-toner lamina around the
developing roller.
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Figure 6. Schematic view of experimental apparatus (Previous
System)
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Figure 7. Schematic view of experimental apparatus (Advanced
System)

Developing Conditions and Characteristics

Figure 8 shows the relationship between developing bias
and the optical density of the background area at a process
speed of 1 m/s. It is clear that the optical density of the
background area decreases with increasing developing
bias. This result shows that when the developing bias is
over —200 V, good printing quality—i.e., without fog—is
achieved. And the estimated points from equation (4) agree
well with the measured density.
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Figure 8. Relationship between developing bias and optical
density of background area (process speed: 1m/s)

Figure 9 shows the relationship between the surface
potential of the electrostatic medium and the optical
density of the toned image at a process speed of 1m/s. In
this experiment, developing bias was fixed at =200 V in
order to avoid fog. It is clear from the figure that optical
density increases with increasing surface potential. This
result shows that when the surface potential is over —200
V, sufficient optical density (OD 1.4) is obtained. The
estimated points from equation (1) agree fairly well with
the measurements. From these results, high-speed
developing conditions can be determined.
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Figure 9. Relationship between surface potential and optical
density of toned image (process speed: 1m/s)

Figure 10 shows a toned image produced by the
experimental nip-blade-equipped apparatus under the
optimized developing conditions.

To confirm the capability of the nip-blade
modification for high-speed liquid development, a high-
speed laser printer system was modified. Figure 11 shows
the modified printing system, in which the developing unit
for dry toner was removed and the developed liquid-
developing unit (diameter of developing roller: 20 mm)
was fitted. The process speed of this system is 0.4 m/s and
its resolution is 240 dpi. Figure 12 shows a printed image
produced by the system. It is clear that the laser-spot figure
in the image printed by using a liquid toner can be
discriminated more easily than one printed by using a dry

toner.

Toned image

Background area

Figure 10. Toned image (process speed: Im/s)

Summary

To increase the speed of liquid development, a simple
developing mechanism using a nip stabilizer was
developed. It was experimentally shown that the nip
stabilizer stabilizes the contact of the liquid toner with the
latent image during high-speed printing. It is thus
concluded that a highly concentrated liquid toner with the
new mechanism can increase the developing speed by over
four times the original limit speed.

OPC drum
(¢ 260mm)
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Figure 11. Printing system modified for liquid development

0.5mm
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Figure 12. Printing sample (process speed: 0.4 m/s, 240dpi)
References

1. Shogo Matsumoto, et al., Proc. NIP14, pp. 239-242 (1998)
2. Shogo Matsumoto, et al., Proc. NIP16, pp. 251-254 (2000)

3. Toshiyuki Kawanishi, Electrophotography, 12(3), 93
(1973)

4.  Takaji Kurita, Electrophotography, 3(3), 26 (1961)

5. Takaji Kurita, Electrophotography, 3(2), 16 (1961)

6.  Fumio Kitahara, et al., Zeta Potential, Scientist (1995)

7. R. M. Schaffert, Electrophotography, Kyoritsu Publishing
(1973)

8. The Society of Electrophotography of Japan,
Electrophotography-Bases and  Applications, Corona
Publishing (1988)

Biography

Shogo Matsumoto received his master’s degree in
Mechanical Engineering from the Science University of
Tokyo in 1988 and joined the Mechanical Engineering
Research Laboratory of Hitachi, Ltd. in 1988. He has been
engaged in the development of non-impact printing
systems since 1988.



	21929
	21930
	21931
	21932
	21933
	21934
	21935
	21936
	21937
	21938
	21939
	21940
	21941
	21942
	21943
	21944
	21945
	21946
	21947
	21948
	21949
	21950
	21951
	21952
	21953
	21954
	21955
	21956
	21957
	21958
	21959
	21960
	21961
	21962
	21963
	21964
	21965
	21966
	21967
	21968
	21969
	21970
	21971
	21972
	21973
	21974
	21975
	21976
	21977
	21978
	21979
	21980
	21981
	21982
	21983
	21984
	21985
	21986
	21987
	21988
	21989
	21990
	21991
	21992
	21993
	21994
	21995
	21996
	21997
	21998
	21999
	22000
	22001
	22002
	22003
	22004
	22005
	22006
	22007
	22008
	22009
	22010
	22011
	22012
	22013
	22015
	22017
	22018
	22019
	22020
	22021
	22022
	22023
	22024
	22025
	22026
	22027
	22028
	22029
	22030
	22031
	22032
	22033
	22034
	22035
	22036
	22037
	22038
	22039
	22040
	22041
	22042
	22043
	22044
	22045
	22046
	22047
	22048
	22049
	22050
	22051
	22052
	22053
	22054
	22055
	22056
	22057
	22058
	22059
	22060
	22061
	22062
	22063
	22064
	22065
	22066
	22067
	22068
	22069
	22070
	22071
	22072
	22073
	22074
	22075
	22076
	22077
	22078
	22079
	22080
	22081
	22082
	22083
	22084
	22085
	22086
	22087
	22088
	22089
	22090
	22091
	22092
	22093
	22094
	22095
	22096
	22097
	22098
	22099
	22100
	22101
	22102
	22103
	22104
	22105
	22106
	22107
	22108
	22109
	22110
	22111
	22112
	22113
	22114
	22115
	22116
	22117
	22118
	22119
	22120
	22121
	22122
	22123
	22124
	22125
	22126
	22127
	22128
	22129
	22130
	22131
	22132
	22133
	22134
	22135
	22136
	22137
	22138
	22139
	22140
	22141
	22142
	22143
	22144
	22145
	22146



