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Abstract transferred to recording medium, and so color images are
formed successively. The toner on the recording medium is
In electrophotographic process, the system to transfédack color of two-component, the toner on the
several times is used for the color image formation. Thehotoconductive drum is magenta, and the transfer belt is
phenomenoii that toner images has formed already on thelielectric, and conductive roller is low resistive sponge
recording medium returns to photoconductive drum wasoller.
confirmed, and it is clear that this phenomenon is found
conspicuously on the photoconductive drum where the
toner does not exist. The electrification charge inside of
toner image on recording medium is uneven, and this is
thought so that an electric field formed at the toner transfer
end point works to the direction that seems to return one _
part of toner on recording medium to photoconductive — Meda
drum. In this work we theoretically analyze the
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electrification voltage inside of toner image at the end point g.g o

of toner transfer, it is clear the reason why toner return to ‘

photoconductive. } -
Introduction Transfor Belt Power Supply

Conductive Roller —

With high quality and high speed of color copier or \
color printer, high precision and high toner transfer rate e
system is required. Generally, for making color images, the
transfer method for a color image on the photosensitive
layer to the recording media every color image is
introduced’. However, when the toner is transferred to theThe Experimental Method
recording media after the second transfer, it is observed the The solid image is formed on the recording medium,
phenomenon that the toner image that has been transfer@ad the line image of several cm width is formed on the
on the recording media goes back to photosensitive |ayep_h0tOCOI’IdUCtive drum. We let the experimental device stop
This is called "retransfer". The retransfer causes that imade the middle of transferring from the photoconductive
density is low and image quality is bad due to a lot of wastérum to the recording medium, and observe the toner which
toner. Therefore, there are many disadvantages ifas remained on the photoconductive drum after transfer.
environment. This paper shows that the surface potential As the result, it is confirmed that the black toner don't
difference of photosensitive layer, toner layer, andeturn to the region where the toner image is formed on the
recording media layer before and after transferring clarifieghotoconductive drum, and the black toner returns to the
the retransfer mechanism, and the optimization ofegion where the toner image is not formed on the
electrostatic characteristics on every layer for reducing thehotoconductive drum. So we observe how the quantity of
retransfer becomes possible by calculating the surfagétransfer toner to the photoconductive drum varies by

Figure 1. Experimental Device

potential difference every layer. changing applied voltage to conductive roller.
The toner which has returned to photoconductive drum
Experimental is gathered with tape and we measured the density of tape.
Experimental Unit Experimental Results

Fig.1 shows the device to experiment the retransfer Fig. 2 shows the results that measured the density of
phenomenon. The toner image has been formed already taner which has returned to photoconductive drum by
the recording medium gripped electrically on the transfeehanging applied voltage to the conductive roller. The
belt. The next color toner formed on the photoconductivéecording medium are paper and overhead transparency. In
drum by applying voltage to the conductive roller isthe case of paper, as the applied voltage is high, we
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understand that the density of retransfer toner tdoner image, it seems to explain that a few positive charge
photoconductive drum becomes high. and it is clear that thener inside of it return to the photoconductive drum
density of retransfer toner of thin paper is higher than thaiccording to the strength of electric field. From these
of thick paper, too. In the case of transparency, the densigxperimental results, we expect that the quantity of
of retransfer toner doesn't change for applied voltage, and iistransfer toner to photoconductive drum changes by a kind

about 0.1. of recording media and the strength of applied voltage. So
we calculate the electric field at the toner transfer end point,
T« — and try to physically relate with the electric field strength
[ ] and the quantity of retransfer toner. In this experiment, the
& Thin Paper o ] electric potential of non-image region on photoconductive
025k % Nommal Pager et drum is -450V.
I X TYanspar}eJncy * * . .
L ] Theoretical Analysis
020 .o
Bt eettre ] Contact Electrification
g [ o . ] In this section the mechanism of electrification of toner
S 015w image is analyzed for the device of Fig.1. The toner image
G S A A wmauuuuEgd is electrified by applying a voltage to the conductive roller,
§- I .-' ] and letting the photoconductive drum come into contact
b10r LEETITEETETEET with the toner image. Contact electrificafioronsists of
- e g T . Paschen discharge followed by charge injection (Fig.3). As
i . . the toner image approaches the photoconductive drum,
Il T 1 PSS Paschen discharge takes place in the air gap, and charge is
i supplied the toner image until the voltage on the toner
I ] image reaches a fixed value. Thereafter, charge is injected
0.00 between the toner image and the photoconductive drum.
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Figure 2. Retransfer Density on the photoconductive drum Phomonducuvy Schcmnhng L
Table 1 shows the results that measured average g/m ol _ T

toner which exists on the each media. The applied voltage ¢ ;e Rolter Tl

to the conductive roller is 2500V in the value of Table.1.

The toner on the photoconductive drum and each recording

media before transfer is negative charge. On the other hand
the retransfer toner to photoconductive drum is positive

charge in the each recording media. : Transfer Belt
ET__— -
Table 1. The Average of Toner g/m on the every media. L
7
On the On the Recording Retransfer Toner on t?le Paschen
. i Regi

PhOtO.CO- Media (befor Photoconductive Drun I?lljg;%%n Region rechargeRegion

nductive | Transfer)

(Ez,r:fr:r Paper Transpard- Paper Transpare} Figure 3. The Mechanism of Contact Electrification

Transfer)| (Thin) ncy (Thin) ncy

Paschen Discharge
-20uC/g | -57uClg | -25uC/g | 54uClg | 30uClg As the toner image and photoconductive drum

approach each other, the electric field in the air gap

increases, and Paschen discharge take place. When a
So we measure toner g/m distributiomn the positive voltage is applied to the conductive roller, negative

photoconductive drum and recording medium beforegharge is supplied the toner image. The voltage of the air

transfer. As the results it is clear that most toner argap Vg, of thickness dg, is

negative charged, but several toner are positive charged.

One expects that the positive charge toner inside of the Vg- do(E- Vbb_Vpp_Vt”VOO) @)
toner image that has been transferred on the recording [dg+ ,dp  dt ﬂ]
media returns to non-image region on the photoconductive &b o & aopc

drum selectively. In other words, as the toner image on the _ _
recording media contacts with non-image region on thahere Vbb is the voltage of transfer belt, Vpp is the voltage
photoconductive drum, the electric fields occur inside of th@f recording media, Vit is the voltage of toner image, Voo is
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the voltage of photoconductive drum, db,dp,dt and do aneecording media grip the transfer belt. Therefore, the
the thickness of transfer belt, recording media, toner imagapplied voltage to the conductive roller is too low, the
and photoconductive drum, ¢, €, ande,, are the specific inverse electric field occurs. Thinner paper, the electric field
permittivity of transfer belt, recording media, toner imageinside of toner image becomes big for same applied voltage,
and photoconductive drum . We take the Paschen dischargad its increase ratio is bigger, too. Consequently the
curve to be electric field inside of toner image changes more sensitively
for applied voltage. In the case of transparency, less than
Vg =312+ 6.2g (2) 2000V in applied voltage, the electric field inside of toner
Paschen discharge takes place at the point where (&)age is same as a thick paper, but more than 2000V, the
intersects (3). If the electrification voltage on the toneelectric field is bigger than that of thick paper.
image increases further, Paschen discharge occurs until (3)

is consistent with (2). 30 ————
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Figure 5. Electric Field in the Toner Layer
ST Discussion
_ _ o o 1. The results that the electric field inside of toner layer is
Figure 4. Equivalent Circuit for Charge Injection calculated and experimental results are the same tendency.

) ) o In other words the higher electric fields inside of toner
Fig. 4 shows the equivalent circuit of the chargemage, the more toner returns to photoconductive drum. It is

injection region in Fig. 3. The electrification voltage V3 commonly known that the force of toner F in the electric
resulting from charge injection satisfies (3), (4); Wefield E is

calculate the electric field in the toner image from V3.

F=qE ®)
dvi V2 dv2 V3 dv3d V4 dv4 V5 dV5 (3 In the fixed electric field, the charge of toner is small,
qd_ V2, ,dv2 V3 dv3 V4, dV4_ V5 . dV5 (3 : ! . .
dt r2 dt 3 dt ~ r4 dt ~ r5 dt the force against toner is small, too. Using the thin paper,

the electric field inside of toner image is big, the low charge
toner on the recording media is easier to return to
E=V1V2+V3+V4+V5 (4)  photoconductive drum . So that the retransfer toner density
on the photoconductive drum is high. And we found that
much toner returns to photoconductive drum so that the

Calculation Results d’ncrease ratio of electric fields is big.

Fig. 5 shows the results that calculate electric fiel
inside of the toner image at the toner transfer end point. T Usina the t ithouah th lectric field
cross axis is the applied voltage to the conductive roller, thg: _->nd the transparency, ~although the e€lectric he
vertical axis is the electric field inside of the toner image>Ucngth inside of toner image changes , the quantity of
The direction of electric field is the positive from the tonerretranSfer toner does not change. In other words the quantity

image to the photoconductive drum. The negative charg@%eéterﬁga?iseﬁr \t/(\)/gegxlseao':h;?rtrﬁesp(?hnzfr g) otfh?oncehragaethoef
are applied on the recording media, so that letting thé ' P 9
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recording media varies by changing the physical Society Journal-1997, VOB6, No.4, pp297-302, (in
characteristic of recording media. Japanese)
4. T. Shimokawa, "Digital Color Electrophotographic
Technology with  Intermediate  Transfer Member."
Conclusion Electrophotography The Society Journal -, 1997, V36,
No.4, pp310-315, (in Japanese)
1. We clarified the mechanism of toner retransfer, and. Y. Nakamura, Y. Moroboshi, Y. Terao, S. Sasabe, and T.
furthermore, that is different by kind of recording medium.  Yokoyama, "Measurement of Particle Size and Electric
In order to reduce the retransfer toner, we have to decrease Charge of Toner for Two-component Developer and the
the variational ratio of electric field for applied voltage. As Charge Dependence on the Size." The Annual Conference of
the concrete methods, one adjusts electrical potential on the Japan Hardcopy for the Society of Electrophotography of
photoconductive drum or recording medium, and selects the Japan, 1996, pp105-108, (in Japanese)
best physical characteristic of each material used fd. Y. Iwakura, T. Oikawa, Y. Yamamoto, "Theoretical analysis
transfer system. of electrostatics in dielectric." NIP12 International
2. In these experiments and analyses, we do not totally Conference on Digital Printing Technologies, 1996, pp.387-
estimate the retransfer toner and the transfer efficiency. We 381
would like to estimate these relations, and build the suitable

transfer system in future. Biography
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