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Abstract 

Toner charge is very important in electrophotographic 
printing process. Although many studies on toner charging 
have been carried out, the process is very complex and the 
understanding of toner charging characteristics is not yet 
sufficient. In this paper, toner charge distribution is 
measured by E-SPART (Electrical Single Particle 
Aerodynamic Relaxation Time) analyzer, which can 
measure the size and charge of toner. The measured toners 
are polymerized and pulverized type. Charging is carried 
out as follows : the toner is mixed with the carrier and the 
mixture is bottled into the roller, and mixed by rotating the 
roller. Toner charge dependences on toner wt% are 
compared between polymerized and pulverized toner. 

Introduction 

Toner charge is very important because it gives great 
influence to image quality in electrophotographic printing.1,2 
A lot of studies have been done for high quality image and 
wide stability. Toner charge characteristics are influenced 
by many factors such as toner materials, charging 
conditions,3-5 humidity and so on. Concerning the toner 
charge measuring method, several methods have been 
proposed and are used.6 Among them, E-SPART is a 
powerful method, because toner charge and toner size can 
be measured simultaneously.7 

Measuring mechanism of E-SPART is schematically 
shown in Fig. 1. Toner is blows off from carrier to 
measuring cell. The toner motion in the application field of 
electric field and sonic wave is measured by laser doppler 
effect. 

The distribution extent of toner charge has a significant 
effect on print quality. It is therefore important to obtain the 
extent of the toner charge distribution. 

In this paper, the size and charge of pulverized and 
polymerized toner are measured. The characteristics of 
toner charging are examined on the roller rotation mixing 
system of toner and carrier. In addition, toner charging 
mechanism are discussed on pulverized and polymerized 
toner. 

Experimental 

The toners used in this experiment are made by 
pulverization method and polymerization method. The both 
toners are adjusted to a negative charging type by CCA 
(Charge Control Agent) and the flow property is controlled 
by silica treatment. The carrier is made of steel and the 
diameter is around 60-120 µm. The developer sample of 
pulverized and polymerized types is prepared on the 
conditions of 1-7weight% of the toner. The developers are 
mixed in a rotation cylinder with a rotating speed of 120 
rpm and the toner is charge by the contact with carrier. The 
mixing time is 10 min. 
 
  

 

Figure 1. Schematic diagram of measuring cell of E-SPART 
analyzer. 
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Toner charge and size are measured using E-SPART 
analyzer (Hosokawa-Micron E-SPART type1 Improved 
model). The charge and the size of individual toner are 
measured simultaneously. The toner particles are measured 
till 3000 counts on every mixing condition. 

Results and Discussions 

Photographs of toners and carrier observed by SEM are 
shown in Figs. 2, 3 and 4. 
 

 

Figure 2. SEM image of pulverized toner. 

 

Figure 3. SEM image of polymerized toner. 

 

Figure 4. SEM image of carrier. 

 

It is found that the pulverized toner shape is irregular. 
On the other hand, it is found that the polymerized toner 
shape is round. Concerning the carrier, it is found that the 
surface of the carrier is wrinkled. The histograms of toner 
diameter are shown in Figs. 5 and 6. 
 

 

Figure 5. Histogram of pulverized toner diameter. 

 

Figure 6. Histogram of polymerized toner diameter. 

 
The diameter measured by E-SPART is aerodynamic 

diameter. It is found that the diameter of pulverized toner 
and polymerized toner are distributed from 5 to 9 µm. The 
peak of polymerized toner is a little bit higher. This result is 
considered that the toner diameter distribution of 
polymerized toner is more sharp. The histogram of toner 
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diameter seems to be independent of the toner weight%. 
This suggests that the sampling of the toner from the 
carrier is carried out in a good condition in this 
measurement. 

Next, the relation of a specific toner charge and the 
toner weight % are shown in Fig. 7. 

For the pulverized toner, it is found that the specific 
toner charge decreases as the toner weight% increases. 
However, it is found that the specific toner charge of the 
polymerized toner is nearly constant between 1wt% and 
4wt%, and decreases more than 5wt%. It is considered that 
the difference of the tendencies is from the shape of two 
toner types . It is inferred that the polymerized toner is 
easy to roll because the polymerized toner is more round 
than the pulverized toner. Therefore the almost surface of 
the polymerized toner contacts with carrier and is charged 
till the carrier covered by toner. The decrease in more than 
5wt% is due that excess toner from single layer on carrier 
arises. The q/m histograms of the pulverized and the 
polymerized toners are shown in Figs. 8 and 9. 

For the pulverized toner, q/m histogram shifts to low 
q/m value side, as the toner wt% increases. For the 
polymerized toner, q/m histogram have two types: one is 
high q/m value histogram and another is low q/m value 
histogram. The carrier is covered by toner around 5wt%, 
high q/m is inferred to correspond to the single toner layer 
on the carrier, and low q/m is due to excess toner from 
single layer. The inverse of specific toner charge is shown 
Fig. 10. 
 
 

 

Toner weight% [wt%] 

Figure 7. Specific toner charge dependence on toner weight%. 

 

Figure 8. q/m histogram of pulverized toner.  

 

 

Figure 9. q/m histogram of polymerized toner.  
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Figure 10. Inverse specific toner charge versus toner weight%. 

 
 

It is found that m/q of the pulverized toner increases 
linearly. The linear relation suggests the possibility of 
application of surface states theory. 

Conclusions 

The charge and size of individual toner is measured using 
E-SPART analyzer. It is found that the specific toner charge 
decreases as the toner weight % increases in the pulverized 
toner. On the other rand, it is found that the specific changes 
of the polymerized toner do not show clear change tendency 
in the range of 1wt%-4wt% and show clear decrease 
tendency more than 5wt%. Concerning the plotting of 
inverse specific toner charge versus toner wt%, the 
pulverized toner shown linear relation, but the polymerized 
toner has not such a relation. 

Acknowledgements 

The authors would likes to express their sincere thanks to H. 
Tostuka of Tomoegawa Co. for supplying pulverized toner. 
 

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). 461-468 (in Japanese). 

6. L. B, Schein, “Electrophotography and Development 
Physics”, Springer-Verlag(1988)pp.87-93. 

7. 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). 

Biographies 

Hidetaka Ishihara is graduate course student of Nippon 
Institute of Technology. He gained Bs. Degree from Nippon 
Institute of Technology and is now studying toner 
technology and corona discharge in Hoshino laboratory of 
Nippon Institute of Technology. E-mail: hide_taka88@ 
yahoo.co.jp 
 
Yasushi Hoshino is professor of Nippon Institute of 
Technology. He gained Bs., Ms. and Dr. Degrees from 
University of Tokyo, 1970, 1972, and 1984 respectively. 
After he gained Ms. Degree, he joined Electrical 
Communication Laboratories of NTT and developed 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 
  

 

IS&T's NIP19: 2003 International Conference on Digital Printing Technologies

164


	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



