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Abstract 
Toner tribocharging characteristics are affected by various 

factors : charging method, materials, environment and others. The 
toner charge stability is important for keeping a good image 
quality. Toner charge distribution is one of important factors in 
electrophotographic printing process. The toner charge 
distribution is changed by toner mixing conditions of toner weight 
% and toner mixing time. In this study, aerodynamic size and 
electrostatic charge distribution of the toner particles are 
measured individually by E-SPART (Electrical Single Particle 
Aerodynamic Relaxation Time) analyzer. It is found that two peaks 
in toner charge  histogram arise in some conditions. 

Introduction 
As far as the toner charge is concerned , it gives a great 

influence to image quality in electrophotographic printing 
process[1,2]. Although lot of studies have been carried out for 
understanding the toner charging mechanism, it is considered that 
the charging process has not yet been understood well enough due 
to the complexity of the mechanism and influences by many 
factors as well such as; toner materials, charging conditions[3,5], 
humidity and so on. In the electrophotographic process, two-
component developers have been widely used. The image quality 
is influenced by tribo-charging characteristics on toner which are 
affected by various factors such as material component, shape, 
charging mechanism, environmental conditions and so on. Since it 
is important to evaluate tribo-charging behavior on toner; in this 
report, toner charging mechanism is studied from the view point of 
toner mixing conditions such as toner wt% and toner mixing time. 

The developers comprise a dry mixture of toner and carrier 
particles. The particles in such two component developers are 
formulated such that the toner particles and carrier particles 
occupy different positions in the tribo-electric continuum, so that 
when they become tribo-electrically charged, with the toner 
particles acquiring a charge of one polarity and the carrier particles 
acquiring a charge of the opposite polarity. These opposite charges 
attract each other such that the toner particles cling to the surfaces 
of the carrier particles. The specific tribo-electric charge on toner 
is measured by E-SPART (Electrical Single Particle Aerodynamic 
Relaxation Time), which has characteristics of simultaneous 
measurements of toner charge and size[8], detecting by a Laser 
Doppler Velocity meter. The schematic diagram is shown in 
Figure1.   

Experimental  
The toner used in this experiment was made by pulverization 

method and has been converted to rounded toner by rounding 
treatment. The SEM micrograph of toner is shown in the Figure 2 

and it seems approximately spherical. The size of rounded toner is 
around 4.7 - 7.5  um as shown in Figure 7. Two types of carriers 
were used for developer samples, where as; high charging ability 
carrier (N-01 standard carrier of Imaging Society of Japan) and 
moderate charging ability carrier. The SEM micrographs of 
particular carriers are shown in Figure 3. The samples were 
prepared as the conditions mentioned in the Table 1 and the outline 
of the experimental procedure is shown in Figure 4. Further, the 
developer samples of mixture of toner and carrier were prepared at 
the conditions of 3,5,7 wt% of the toner and the mixing time was 
varied as 1,3,5,7,10,20,30,60 min. The toner was charged for  the 
particular time durations by contacting with carrier with the help 
of rotation cylinder at a rotation speed of 120 rpm as  shown in 
Figure 6.  

 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1. The schematic diagram of E-SPART analyzer. 

Diameter, toner charge and size were measured using E-SPART 
analyzer (Hosokawa-Micron E-SPART type1 improved model). 
The charge and the size of individual toner were measured 
simultaneously. The toner particles were measured till 3000 counts 
in every mixing condition. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The SEM micrograph of toner used in the experiment. 
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(a) High charging ability carrier.    (b) Moderate charging ability 

carrier. 
Figure 3. The SEM  micrographs  of  carriers  used in the experiment.  

 

 
 
 

Figure 4. The outline of  the experiment. 

Figure 5 shows the SEM micrograph of toner attached to 
carrier used in the experiment. 

 
 
 
 
 
 
 
 
 

Figure 5. The SEM micrograph of toner attached to carrier used in the 

experiment for 10 minutes  mixing  time at  3wt%.      

Table 1 Two-component toner charging conditions. 

 
 
 
 
 
 
 
 

Figure 6. The mixing method used in the experiment. 

Results and Discussions 
The size distribution of toner was measured and it was 

distributed around 4.7 - 7.5 um as shown in the Figure 7. At the 
toner wt% of 5 and 7, toner size distribution is nearly same, 
however at the 3wt% of toner, it is found that, small size toner 
increases. This may be considered that toner is broken at the 3wt% 
after 60 minutes mixing. It is found from Figure 8 that, at the 
initial rise of the toner charge, the toner specific charges decrease 
as the toner wt% increases. Another remarkable point is that, at 3 
wt% of toner, the time dependence of the toner specific charge q/m 
decreases abruptly after the peak q/m value. On the other hand, at 
the toner 5, 7 wt%, the time dependences of q/m show slight 
decrease after the peak q/m value. The above mentioned data are 
shown in Figure 8.  

Concerning the toner wt% dependence, the toner charge at the 
peak decreases as toner wt% increases, its behavior is qualitatively 
as predicted by surface state theory. The decrease of toner charge 
after the peak is considered due to the possibility of destruction of 
toner and contamination of carrier. When the toner wt% decreases, 
carrier is not covered by toner. Toner is sandwiched by carriers 
frequently, and it is considered that the abrupt toner charge 
decrease has arisen.  

 
 
 
 
 
 
 
 
 
 

Figure 7.  Histogram of size of toners. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  The charge density dependence on toner mixing time (with High 
charging ability carrier). 

When the Figure 9 is considered, it can be noticed that, at 
3wt% of toner, the time dependence of the toner specific charge 
q/m increases when the mixing time increases and then decreases 
after the peak. But in the cases of 5,7 wt%, the time dependences 
of q/m show gradual increments. 
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Figure 9.  The charge density dependence on toner mixing time (with 
Moderate charging ability carrier). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.  Count dependence on toner charge in the cases of  10 minutes 
mixing time (with High charging ability carrier). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.  Count dependence on toner charge in the cases of  30 minutes 
mixing time (with High charging ability carrier). 

Concerning the Figures 10,11 and 12 which depicts the count 
dependence on toner charge for experiment with using N-01 
standard carrier, it is found that there are two peaks in every 
figure. 

In general, toner charge histogram shifts to less charge side 
where the shift corresponds to the results of Figure 12. In the same 
figure ,at 5 and 7 wt%, two peaks are kept at 60 minute mixing, 
however at 3 wt%, high charged peak disappear. Concerning the 
origin of two peaks, it is considered the possibility of two types of 
charged toner: one (low charged toner) is toner charged partially 
and strongly sticks to carrier, other (high charged toner) is toner 
which contact carrier well and more area of toner surface is 
charged. 

 The following Figures 13,14 and 15 show the results of count 
dependence on toner charge in case of using the moderate charging 
ability carrier; where we can find only one unique peak. Compared 
with the peak above 5~10fC when toner is charged by high charge 
ability carrier, there is no peak in 5~10fC and high charged toner 
is  few. It is proposed that high charge ability carrier has 
possibility of two peaks generation in toner charge distribution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12.  Count dependence on toner charge in the cases of  60 minutes 
mixing time (with High  charging ability carrier). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.  Count dependence on toner charge in the cases of  10 minutes 
mixing time (with Moderate  charging  ability carrier). 
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Figure 14.  Count dependence on toner charge in the cases of  30 minutes 
mixing time (with Moderate  charging  ability  carrier). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15.  Count dependence on toner charge in the cases of  60 minutes 
mixing time (with Moderate charging  ability  carrier). 

Summary 
Toner is charged by mixing with high charge ability carrier 

(N-01 standard carrier of Imaging Society of Japan) and 
moderately charge ability carrier. Its charge is measured by E-
SPART analyzer. Two peaks are found in the histogram of toner 
charge when using the high charge ability carrier. On the other 
hand only one unique peak was observed when using the moderate 
charge ability carrier. When mixing time is concerned it can be 
noticed that, toner charge will gradually decrease when mixing 
time of high charge ability carrier increases. It is proposed that, in 
high charge ability carrier case, there are two types toner: one is 
less charged by sticking to carrier and other is more charged toner 
by contact with carrier well. 

Acknowledgement 
The authors would like to express their sincere thanks to 

Professor Y. Nakamura of Nippon Institute of Technology for his 

advices on E-SPART measurement and also to T. Nakanishi for 
his advices on this experiment. 

References 
[1] R. M. Schaffert, “Electrophotography”, The focal press, London, 

(1975) pp.557-562. 
[2] L.B. Schein, “Electrophotography and Development Physics”, Springer 

Verlag (1988) pp.63-87. 
[3] C. Poomtien, S. Kiatkamjornwong, and Y. Hoshino, ”Effect of CCA 

and Charging Behavior on print Quality”, Particulate Science and 
Technology,16(1999) pp.295-310. 

[4] W. Saelow, S. Kiatkamjonwong, T. Watanabe and Y. Hoshino, ” 
Dependence of Toner Charging Characteristics on Mixing Force”, J. 
Imaging Society of Japan, 38(1999) pp.310-313. 

[5] The technical committee report, “Standardization of the amount 
measurement of toner electrifications”, J. Imaging Society of Japan, 
37(1998) pp.461-468. 

[6] T. Nakanishi, K. Sheu, J. S. Huang, Y. Hoshino, Toner Charging 
Characteristics Dependence on Toner Shape,  

[7] Proceedings IS&T NIP21: International Conference on Digital Printing 
Technologies, (2005) pp.525-528. 

[8] H. Ishihara and Y. Hoshino, "Charging characteristics of polymerized 
and pulverized toner in the roller rotation mixing system of toner and 
carrier", IS&T's NIP19 International Conference on Digital Printing 
Technologies, (2003) pp.161-164. 

[9] Y. Nakamura et. al. “Simultaneous Measurement of Particle Size and 
Electric Charge of Toner for Two-Component Developer”, J. Imaging 
Soc. of Japan 130(1999) pp.302-309 (in Japanese). 

 

Author Biography 
K.P.Disna Jayampathi Karunanayake who has been graduated from the 
University of Moratuwa, Sri Lanka in 2002 is currently attached to Hoshino 
Laboratory at Nippon Institute of Technology, Japan as a Graduate Course 
student for Systems Engineering. His research interest includes Tone- based 
printing technology. 
E-mail: disnakarunanayake@yahoo.com 
 
Osamu Hoshino received his BE degree in Systems Engineering from 
Nippon Institute of Technology, Japan in 2008. His research interest  was 
toner charging mechanisms. 
 
Tetsuya Onoda received his BE degree in Systems Engineering  from 
Nippon Institute of Technology, Japan in 2008. Researches  on toner 
charging mechanisms were carried out by him. 
 
Yasushi Hoshino (IST Fellow) 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 flow printing. He moved to Nippon Institute of 
Technology on 1994. His recent interests are toner technology, corona 
discharge and image processing. 
 E-mail: hoshino@nit.ac.jp 
 
 

320 Society for Imaging Science and Technology


	155
	46
	219
	245
	18
	119
	57
	137
	100
	103
	63
	104
	101
	165
	116
	69
	127
	159
	199
	130
	86
	140
	150
	151
	226
	246
	223
	167
	222
	175
	185
	186
	85
	71
	109
	75
	58
	93
	61
	99
	124
	205
	98
	247
	200
	237
	134
	162
	80
	201
	102
	89
	178
	147
	146
	215
	111
	183
	115
	154
	74
	113
	114
	177
	253
	11
	33
	22
	24
	38
	40
	8
	9
	19
	14
	15
	92
	195
	156
	67
	70
	181
	221
	68
	94
	231
	83
	95
	96
	53
	133
	112
	225
	148
	62
	168
	230
	170
	66
	189
	232
	172
	214
	257
	54
	169
	174
	160
	126
	55
	52
	143
	84
	157
	120
	184
	163
	117
	78
	135
	136
	192
	252
	3
	28
	23
	20
	34
	43
	27
	47
	48
	64
	121
	76
	141
	216
	224
	211
	188
	190
	202
	82
	118
	244
	212
	105
	227
	196
	97
	243
	158
	65
	123
	206
	166
	138
	125
	152
	72
	209
	51
	110
	161
	204
	194
	233
	144
	128
	228
	234
	235
	255
	250
	249
	42
	17
	7
	39
	44
	16
	2
	21
	254
	25
	12
	37
	31
	50
	73
	106
	198
	229
	164
	56
	142
	176
	87
	187
	179
	180
	90
	81
	197
	239
	182
	242
	193
	203
	60
	122
	59
	88
	79
	107
	207
	149
	139
	171
	210
	236
	258
	240
	256
	241
	36
	30
	26
	10
	29
	32
	5
	6
	35
	4
	41
	45
	49



