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Abstract 
In the mono-component non-magnetic toner development system, 
the toner is charged by contacting with the system parts, such as a 
doctor blade, a development roller and a supply roller. In such 
systems the toner charging and fluidity is conventionally 
controlled by the use of extra-particulate additives on the toner 
surface. However, the influences of the additives on the charging 
and fluidity of the toner are still not completely understood. In this 
study we investigated the effect of using sub-micron sized 
inorganic extra-particulates on the dynamics of the toner charging 
mechanism by measuring the currents flowing through each of the 
system parts. Development rollers having various surface 
properties and toners having different surface concentrations of 
the toner additives were prepared. By using the current 
measurement technique, we examined the influences of the additive 
on the toner charging in the development process. It is shown that 
the system currents and resulting toner charges are very dependent 
on the amount of the additives. As a result, we concluded that these 
additives affect not only the toner mass transport but also the 
charge transfer.  

Introduction 
Proper toner charging and mass transport are important factors 
necessary for fine and high quality images in the electro-
photographic process. It is very important to understand the 
dynamics of toner charging for designing the toner development 
system. Previously we presented a technique using current 
measurement for looking at the toner charging and the toner 
transport mechanism.1,2 For proper toner charging and mass 
transport, we can control the fluidity and charging ability of toners 
not only by designing the resin and compounds of toners but also 
by using extra-particulates as toner additives. The additives are 
generally inorganic particles (i.e., SiO

2
, TiO

2
, etc.) that are smaller 

than the toner particles, i.e. in the sub-micron range. These 
additives make toners more fluid and are also used as one means to 
control toner charge. The mechanism of improvement of fluidity 
may be attributable to the fact that the toner additives decrease the 
contact areas of the toner particles.3 The effects of additives on 
toner charging may be due to the increase in fluidity or charging of 
the additives themselves. However, the effect of toner additives on 
toner charging in the development process has not yet been 
completely clarified.4,5 In this paper, we focus on the effect of toner 
additives on the charge transfer mechanism of toners. For that 
purpose, we measured the toner charge on a series of development 
rollers having different surface properties and the resulting process 

currents in a development system with various toners having 
different concentrations of toner additive. The influence of 
additives on the toner charge and the process currents are 
discussed. Finally we propose a clarification of the role of the 
toner additives on the charge transfer mechanism in toners.  

Experimental 
Toners 
We prepared a pulverized negative charging toner, which consisted 
of polyester resin, pigments and other compounds (i.e. a charge 
control agent etc.). The mean particle size (d0.5) based on weight 
of the toner was 7.9 µm. We used fine silica particles (mean size: 
the order of 100 nm) as the toner additive changing its 
concentration as 0, 0.5, 1.0, 1.5% of toner mass. 

Development Rollers 
Development rollers consisting of an elastic polyurethane base 
coated with a thin resin layer were prepared. The fundamental 
characteristics of the rollers are given in Table 1. Rollers NC10 to 
NC30 can be characterized as having an insulating surface layer 
and are arranged in the order of the thickness of the surface layer: 
approximately 5 µm for NC10, 10 µm for NC20, 20 µm for NC30. 
Another trend of these rollers is that as the thickness of surface 
layer increases, the surface roughness Rz decreases as shown in 
Table 1. Rollers CB10 to CB30 and CBL6 can be characterized as 
having a semi-conductive surface layer changing the contents or 
grade of carbon black. The structure of Carbon L6 is different from 
the other carbon used for CB10 to CB30, and the Carbon L6 
produces the most conductive surface of all the rollers tested. The 
roller resistance was measured by applying a dc voltage of 100 V 
between the roller shaft and a metal plate that was contacted with 
the roller surface.  

Machine 
We used a commercial toner cartridge for a laser beam printer in 
this study. The cartridge has a doctor blade made of stainless steel 
and a supply roller made of polyurethane foam. First, we modified 
this cartridge to rotate without an OPC drum and fabricated a 
driving system for this cartridge. Then, we replaced the 
development roller with that for measurements and filled a definite 
amount of toner into the cartridge. In the experiments, we drove 
the cartridge for toner transport to give a rotation speed of the 
development roller of 250 rpm.  
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Table 1: Fundamental Characteristics of Development Rollers 

      Surface layer Log roller Surface 
 Resin CB resistance roughness
 concentration contents applied Rz (µm) 
   voltage :  
   100V (Ω)  

NC10 10% 0 7.8 6.1 
NC15 15% 0 7.8 3.7 
NC20 20% 0 8.2 1.3 
NC25 25% 0 8.4 1.0 
NC30 30% 0 9.5 1.0 
CB10 20% 10% 7.8 1.2 
CB20 20% 20% 7.8 1.1 
CB30 20% 30% 7.4 1.2 
CBL6 20% 30％ 6.0 2.4 

The diameter and length of the roller was 20 mm and 345 mm, respectively, 
and the diameter of the roller shaft was 12 mm. 

Measurements of Toner Charge on the Surface of 
Development Rollers 
A suction type Faraday cage was used for this measurement. After 
driving the development system, toner on the surface of the 
development roller was suctioned and collected in the Faraday 
cage using a vacuum pump. The suction area on the roller surface 
was constant thus allowing the calculation of the toner charge/area 
ratio (q/a). 

Measurement of Current at Each Part in 
Development Process 
Three electrometers were connected between each development 
unit part of the machine (blade, development roller, supply roller) 
and ground. In this system we did not apply any external bias 
voltages. The development process currents were monitored by the 
electrometers and the current data were transferred to a personal 
computer through a GP-IB bus. The roller was rotated for 3.5 
seconds and the current was monitored all through the process 
from start to stop of rotation. The value of the current was 
determined from the average over 3 seconds from the start to the 
stop point.  

Results 
Toner Charges on the Surface of Development 
Rollers 
Figures 1 shows the toner charge (q/a) deposited on the 
development roller for all conditions. Each graph of Fig. 1: (a) - (d) 
shows the data for toners with 0%, 0.5%, 1.0%, 1.5% additive, 
respectively. The error bars show dispersion of three 
measurements.  

In the case of no toner additive, graph (a), it can be seen that the 
toner charge on the development rollers that have thicker 
insulating surface layers, NC20 - NC30, had higher magnitudes 
reaching values in the range from -12.6 to -14.4 nC/cm2. However 
as the thickness of the insulating layer decreases (NC10, NC15) or 
for the cases where the surface layer is semiconducting (CB10 - 
CBL6), the toner charge ranges from -5.2 to -8.9 nC/cm2. 

However, as the amount of toner additive increased, the toner 
charge for NC10, NC15 and CB10 - CB30 also increased as seen 
by comparing graphs from (a) to (d). As a result, at 1.5% additive 
added, the toner charge approached similar values for most rollers 
although the toner charge still decreased as the conductivity of the 
surface layer of the rollers increased.  
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Figure 1. Toner q/a of all development rollers: (a) no additive toner, (b) 0.5% 
additive, (c) 1.0%, (d) 1.5% 

Current Measurements 
An example of typical current data is shown in Fig. 2 (Ib: blade 
current, Id: development roller current, Is: supply roller current, It 
= Ib+Id+Is: total current), for the case of toner having 1.5% 
additive transported by the NC10 roller. The currents through each 
part had a constant direction in all measurements for any of the 
toners and development rollers used. The currents through the 
blade (Ib) were in a direction indicating negative charge injection 
into the toners and the currents through the development rollers 
(Id) and supply roller (Is) were opposite to those. The total current 
(It) was negligibly small for all measurements, suggesting no 
current leakage from the system. 
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Figure 2. Currents through each part for NC10 roller with 1.5% additive toner. 
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Figure 3. Relationship between currents through doctor blade: Ib and toner 
additive amount 
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Figure 4. Relationship between currents through supply roller: Is and toner 
additive amount 

Figures 3 and 4 show the currents through the doctor blade and 
supply roller, respectively, for all cases of each development roller. 
In general, with an increase in the amount of toner additive, both 
currents, Ib and Id, increased for all the development rollers. The 
currents through each part also depend on the properties of the 
development rollers. It was found that when the surface layer of 
the roller decreases in thickness (as from NC30 to NC10), the 
currents through the doctor blade increase, while the currents 
through the supply roller decrease. Similarly, when the surface 
layer becomes more conductive, a similar trend is observed. As 
reported previously both of currents are influenced by the 
resistance of development roller1 and also perhaps influenced by 
other properties such as the surface roughness. The current through 
the development roller Id was estimated by the relationship: 
It=Ib+Id+Is~ 0, that is, approximately - (Ib+Is).  

Discussion 
The Effect of Toner Additive on Toner Charging 
Referring to Fig 1, in the case of no toner additive, the toner charge 
(q/a) was small for the development rollers that have thinner 
surface layers (NC10, NC15) or conductive surface layers (CB10 - 
CBL6). As previously discussed it is considered that in these cases 
where the roller resistance is lowest, charge may leak to the 
development roller1. However, with an increase in the amount of 
toner additive, the toner charge approaches a similar value for all 
insulating surface rollers (NC10 - NC30). The dependence on the 
surface conductivity of the development rollers is clearly revealed 
from the results for CB10 - CBL6. The increase in toner fluidity, 

which is caused by the presence of the additive, increases the 
frequency of contact between toner and the blade and promotes 
toner charging when passing the doctor blade. As a result, toner 
charging was stabilized for the different development rollers. As 
shown in Fig.3, it can be seen that the currents through the doctor 
blade (Ib) were significantly increased as the toner additive 
concentration increased. The current through the doctor blade (Ib) 
flows as a result of charge injection onto the toners. It was 
previously proved that no currents were generated in the system 
with no toner or without rotation of the development roller.2 These 
results indicate that the charge transfer from the doctor blade to the 
toner is enhanced with an increase of the toner additive 
concentration. Moreover, the increase of the current through the 
doctor blade in proportion to the amount of the additives is large 
compared with that of the toner charge. It means that all of charge 
transferred from the doctor blade does not remain within the toner 
but some of the charge flows into the development roller. This can 
be observed as the current through the development roller (Id). As 
described above, it is considered that the toner additives increase 
the toner fluidity so that the charge transfer from the blade to toner 
is promoted, and as a result this contributes to stabilizing the toner 
charging when passing the blade. However, because of the effect 
of charge leakage, toner charge decreases depending on the surface 
conductivity of the development roller even though the charge 
transfer is enhanced. 

The Effect of Toner Additive on Toner Reset 
Process 
The origin of the current through the supply roller (Is), is 
considered to be a result of toner charge and the ratio of removing 
/attaching of toner in the resetting process by the supply roller1. In 
order to analyze the effect of the toner additive on the toner 
resetting, the correlations between toner charge (q/a) and the 
currents through the supply roller (Is), are shown in Figure 5. The 
plots differ depending on the surface properties of development 
roller for each toner additive concentration. In the case of no 
additive shown in Fig. 5-(a), the plot of the lowest q/a was 
obtained for the most conductive surface roller, CBL6 and the 
higher q/a values were obtained for the thicker insulating surface 
layer rollers: NC20 - NC30. The correlation between q/a and Is for 
all rollers are shown as a best fit linear line for each toner. These 
correlation lines show the efficiency of toner reset. As shown in 
Fig. 5-(d), with the highest concentration of toner additive, the 
correlation line is in direct proportion passing through the origin of 
the graph. However, with a decrease in the amount of toner 
additive, the correlation line shifts to reduce Is, and its intercept on 
the q/a axis increases as from Fig. 5-(d) to (a). Since Is also reflects 
the q/a of the removed toner, if the current, Is, decreases even 
though the toner charge dose not change much, it means that the 
toner resetting becomes incomplete, that is, not all the toner is 
removed by the supply roller. Therefore the shift of the correlation 
line shown in Fig. 5 reflects the efficiency of toner removal. The 
improvement of toner fluidity caused by the additive thus reduces 
the amount of non-removable toner. Furthermore, this effect can be 
observed as increasing the current through the supply roller, Is, in 
this measurement. Thus improvement in the efficiency of toner 
resetting is another effect of the use of toner additives in the 
development system. 
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Figure 5. Relationship between q/a and Is. (a ) 0% additive, (b) 0.5%,  
(c) 1.0%, (d) 1.5% 

Conclusion 
Toner dynamics and the effect of toner additives can be analyzed 
by using a current measurement technique. By comparing the 
correlation between toner charge and the system currents, we find 

that there are two effects caused by the improved fluidity provided 
by the toner additive. One of the effects is that the currents through 
the doctor blade increase and the toner charge reaches a saturation 
value for the system with an increase in the amount of additive. It 
is considered that toner additives promote the charge transfer of 
toners from the blade to the development roller by improving the 
toner fluidity. In addition, the other effect of the toner additive is to 
reduce the amount non-removable toner on the development rollers 
during the reset by the supply roller. 

References 
1. Koji Takagi, G.S.P. Castle and Manabu Takeuchi, Analysis of Mono-

Component Toner Charging and Design Of a High Durability 
Development Roller, IS&T NIP18, pg. 12.(2002). 

2. Koji Takagi, G.S.P. Castle and Manabu Takeuchi, J. Imaging Society of 
Japan. 41, 320 (2002). [in Japanese]  

3. Haruo Iimura, Hisao Kurosu and Takeo Yamaguchi, J. Imaging Science 
and Technology. 44, 5(2000).  

4. B. Gady, D. J. Quesnel, D.S. Rimai, S. Leone, and P. Alexandrovich, 
Proceedings of 14th International Congress on Digital Printing 
Technologies, 353 (1998). 

5. H. Akagi, Proceedings of IS&T/SPIE Color Hard Copy and Graphics 
Arts Symposium, 138, 1670 (1992).  

 
Author Biography 
Hiroyuki Anzai received the B.Sci. and M.Sci.Degrees from Tokyo Institute 
of Technology Japan in 2000,2002. In 2002 he joined Bridgestone 
Corporation and is working for the R&D division. 

 

556 Society for Imaging Science and Technology


	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



