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Abstract

A new rewritable printing media using electrophoresis and
selective heating has been proposed to contribute to the reduction
in paper consumption by printers. The mechanism is that when a
heated part of the rewritable media is melted, white particles in
that part of the media are able to move by electrophoresis. The
media is initialized by heating its entire surface under the
condition of voltage application and imaging is carried out by
selective heating under the condition of an applied reversed-
polarity voltage. In the media, the electrophoresis property of the
white particle is important. So, the electrophoresis property of
titanium oxide (TiO,) in melted carnauba wax was estimated.

Introduction

Paper consumption due to printing using electronic printers, such
as electrophotography and ink jet printers has increased very
rapidly in accordance with the rapid progress of information
technology. A considerable fraction of paper consumption
corresponds to the checking of data or the preparation of
documents. From an environmental viewpoint, a decrease in paper
consumption is important. Rewritable paper technologies have
recently attracted attention.' Rewritable paper is the approach from
the viewpoint of printer technology and other approaches are
carried out from the viewpoint of display technology. The
approaches from both viewpoints are called electronic paper and
several technologies, such as the reversible coloring reaction of
leuco dyes,”’ dry toner motion,* thermal magnetophoresis’ and
gyricon’ have been proposed.

Concerning electrophoresis, a segment-type display has been
studied and its excellent visibility has been demonstrated.® An ion
projection addressing display has been proposed’ and its
application to information boards has been reported.”® Recently, the
research and development of electrophoretic displays have again
been extensively carried out by several groups to realize eye-
friendly displays or paperlike displays.""

An electrophoretic display is considered to have the possibility of
realizing an eye-friendly paperlike display, but an attempt to
realize rewritable paper using electrophoresis has not yet been
attempted. Novel rewritable printing media utilizing
electrophoresis are currently studied.”™"

Proposed Rewritable Printing Media
The rewritable printing media is shown in Fig. 1.
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1) Initialization: the media is melted by heating under the
condition of voltage application, so that one side becomes colored
and the other side becomes white.

2) Imaging: under a reversed-polarity voltage, the area of the
media where the reflectivity is to be changed is melted by selective
heating. Because of reversed-polarity voltage application, white
particles move to the other side of the media only where the media
is melted. Selective heating can be carried out using heating
elements for thermal printing and is also considered to be possible
by laser beam scanning. When conventional one-dimensionally
arranged heating elements are used, the rewritable media is passed
over a heating element and selective heating can be accomplished
in the same way as in a thermal printer.

The rewritable printing media utilizes electrophoresis and the is
media stable solid at its storage temperature, which is usually room
temperature, so excellent visibility and stability are expected.
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Figure 1. The rewritable printing media.

Experimental

The materials used to fabricate the rewritable media are carnauba
wax, dye and TiO,. Carnauba wax is used because its melting point
is approximately 80°C, it exhibits a relatively sharp change from
the solid to liquid states and it has the electrophoretic
characteristics of TiO, particles. The wax is dyed by adding OIL
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Black HBB (Orient Chemical Industries, Ltd., Japan) The
materials are heated and mixed.

The rewritable media cell to be measured is fabricated by pinching
the mixed materials between ITO (Indium Tin Oxide) glasses. The
space between the ITO glasses is maintained by inserting an
insulator stripe of 0.2 mm thickness. The sample is kept in a
temperature-controlled box. The temperature is raised from room
temperature to 100°C. Voltage pulses of positive and negative
parity are applied to the sample. The three types of sample of
different surfactant were prepared.

The time response of the reflectance of the cell is measured. Using
two mirrors, the reflectance of both sides of the cell is monitored
with a digital camera (Minolta: DIMAGE Z1) operating in the
Motion JPEG mode, at 30 frames/s, with 640x480 dots, after the
reversed-polarity voltage is applied. The Motion JPEG data are
analyzed using a PC (Windows). The average reflectance of both
sides of the cell is calculated.

The viscosity of wax is estimated from the free fall motion of ball.
The experimental schematics is shown in Fig. 3. The ball is
dropped into wax melted by heat and its motion is observed by
digital camera. The falling speed of the ball is calculated from the
image captured by the camera. The ball used is steel ball which
diameter is 3.1 mm. It was observed the fall moved downward
with constant speed 0.3 m/s. so the viscosity of the wax was
estimated as 1.3 p.
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Figure 2. Schematic diagram of experiment.

Temperature controllable box

Electromagnet

<4

Melted Wax

Steel ball

Figure 3. Schematic diagram of viscosity estimation.

Results and Discussion

The reflection change by voltage application is shown in Fig. 4. It
is observed that the reflection of one side increases and the
reflection of other side decreases by the application of the voltage.
The increase and the decrease are reversed when the voltage
polarity is reversed.
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Figure 4. Reflection response against voltage pulse.

The response time of reflection change is defined as shown in Fig.
5. This definition means the time needed for half change after the
voltage application. The inverse of the half change time is plotted
as the applied voltage. It is found that the difference between TiO,
moving upward time and moving downward time. The difference
is possibly because of gravity force.
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Figure 5. The response time of reflection change.
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where Q is the charge amount of the particle, E_ is the electric 0.02 ptl
field: when suffix is ‘up’, is when the particle moves up, and suffix 0
is ‘down’, is when the particle moves down, 7 is the viscosity of 0 1 2 3 4 5 6
the melted wax, a is the radius of the particle, v, is the velocity
- . 5
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the mass of the particle and m,__is the mass of melted wax of same Figure 7. Inverse of response time dependence on electric field (Sample 2 :
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the particle across the electrodes. The inverse of the half change 0.1
time is plotted as the function the applied voltage in Figs. 6-8. = 0.08 b R
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Table 1: Obtained Results of Size and Charge of the Particle 0
Sample Radius of Charge amount/particle 0 1 2 3 4 5 6
. -6 -16
number | particle (107m) (10°°C) Electric field (10° V/m)
1 .5 6.5 Figure 8. Inverse of response time dependence on electric field (Sample 3:
2 4.5 14 surfactant 3).
3 8.0 9.8
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Concerning the estimated diameters of the TiO, particle, its values
are seems to be big. This is considered due to the aggregation of
the TiO, particles. In these samples, the charge amount is less than
conventional toner charge and also charge of liquid developer in
melted wax."” It is considered that there is possibility of increasing
the toner charge.

Conclusions

The electrophoresis characteristics of TiO, in melted wax are
estimated. The characteristics are estimated from the time response
of the reflectance change by voltage application. The time
response shows the difference between when TiO, moving upward
and downward. The difference is assumed from the gravity force
and the TiO, particle charge and diameter are estimated.

Acknowledgements
The authors express sincere thanks to members of this study for
kind cooperation and support.

References

1. M. Omodani: J. Imaging Soc. Jpn. 38 (1999) 115 [in Japanese].

2. K. Tsutsui, T. Yamaguchi and K. Sato: Jpn. J. Appl. Phys. 33 (1994)
5925.

3. H. Hattori and K. Tsutsui: Ricoh Technical Report 28 (2002) 125 [in
Japanese].

4. T. Kitamura, H. Nakayama, N. Mizuno, S. Nakamura and K. Hoshino:
IS&T’s NIP19: 2003 International Conference on Digital Printing
Technologies (2003), p. 902.

5. H. Mizuno and K. Yogome: Electrography Meeting IDY2004-37
(2004) p. 17 [in Japanese].

6. 0. Majima: Electrography Meeting IDY2004-36 (2004) p. 1 [in
Japanese].

7. N. Sheridon and M. A. Berkovitz: SID 77 Digest (1977) p. 114.

8. 1. Ota, et al.: Proc. IEEE 61 (1973) 832.

9. S. Shiwa, and Y. Hoshino: SID88 Digest (1988) p. 61.

10. S. Shiwa, and Y. Hoshino: Jpn Display *89 (1989) p. 686.

11. H. Kawai, and N. Kanae: SID99 Digest (1999) p.1102.

12. B. Comiskey, J. D. Albert and J. Jacobson: SID 97 Digest (1997) p. 75.

13. M. Ogura, Y. Hoshino and M. Yoshida: 8" Pacific Polymer Conference,
Final Program & Abstracts (2003) p. 139. (Paper No. 218 of CD-ROM
PPC8).

14. Y. Hoshino, M. Ogura and T. Sano: Jpn. J. Appl. Phys. 43 (2004) 7129.

15. J. Qian, B. Tran, G. Herman and J. Baker: IS&T’s NIP19: 2003
International Conference on Digital Printing Technologies (2003)
p.115.

Author Biographies

Ryusho Kumekawa is graduate course student of Nippon Institute of
Technology. He gained Bs. Degree from Nippon Institute of Technology and
is now studying a new rewritable printing media in Hoshino laboratory of
Nippon Institute of Technology.

Yasushi Hoshino is Professor of Nippon Institute of Technology. He gained
Bs., Ms. And Dr. degree from the University of Tokyo, 1970, 1972, and
1984 respectively. After he gained Ms. Degree, he joined Electrical
Communication Laboratories of NTT and joined the developing of first
LED printer, high speed laser printer, color-laser printer by using ultra
elliptical laser beam scanning, photo-induced toning technology and ion
Sflow printing. He moved to Nippon Institute of Technology on 1994. His
recent interests are toner technology, corona discharge and image
processing.

215t International Conference on Digital Printing Technologies Final Program and Proceedings 59



	33264
	33265
	33266
	33267
	33268
	33269
	33270
	33271
	33272
	33273
	33274
	33275
	33276
	33277
	33278
	33279
	33280
	33281
	33282
	33283
	33284
	33285
	33286
	33287
	33288
	33289
	33290
	33291
	33292
	33293
	33294
	33295
	33296
	33297
	33298
	33299
	33300
	33301
	33302
	33303
	33304
	33305
	33306
	33307
	33308
	33309
	33310
	33311
	33312
	33313
	33314
	33315
	33316
	33317
	33318
	33319
	33320
	33321
	33322
	33323
	33324
	33325
	33326
	33327
	33328
	33329
	33330
	33331
	33332
	33333
	33334
	33335
	33336
	33337
	33338
	33339
	33340
	33341
	33342
	33343
	33344
	33345
	33346
	33347
	33348
	33349
	33350
	33351
	33352
	33353
	33354
	33355
	33356
	33357
	33358
	33359
	33360
	33361
	33362
	33363
	33364
	33365
	33366
	33367
	33368
	33369
	33370
	33371
	33372
	33373
	33374
	33375
	33376
	33377
	33378
	33379
	33380
	33381
	33382
	33383
	33384
	33385
	33386
	33387
	33388
	33389
	33390
	33391
	33392
	33393
	33394
	33395
	33396
	33397
	33398
	33399
	33400
	33401
	33402
	33403
	33404
	33405
	33406
	33407
	33408
	33409
	33410
	33411
	33412
	33413
	33414
	33415
	33416
	33417
	33418
	33419
	33420
	33421
	33422
	33423
	33424
	33425
	33426
	33427
	33428
	33429
	33430
	33431
	33432
	33433
	33434
	33435
	33436
	33437
	33438
	33439
	33440
	33441



