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Abstract 

Blow off method is most popular in the measurement of 
specific toner charge. Toner is charged with mixing with 
carrier in rotating cylinder and the measurements of the 
specific toner charge are carried out on the various blowing 
off pressure 2KPa – 20KPa. From the measured specific 
toner charge and the blow off toner amount dependence on 
blow off pressure, the specific toner charge distribution is 
estimated. The data is compared with the data by E-SPART 
measurement and reasonable agreement is obtained between 
them.  

Introduction 

Charging characteristics of toner is very important in 
electrophotography. The charging characteristics are 
influenced by many factors such as toner materials and 
shape, carrier materials and shape, charging methods, 
humidity, and so on. Many studies have been carried out on 
the toner charging mechanism.1-5 Method of measuring toner 
charge is also important. Several methods have been 
proposed and are used.6 The methods of blow off, E-
SPART, and toner motion analyze in airflow with the 
application of electric field are main. Among them, blow off 
method is most widely used,1,7,8 because it has characteristics 
of simple measuring mechanism. E-SPART is a powerful 
method, because respective toner charge and toner size can 
be measured.9 But, the apparatus is complex. In these 
measurements, the sampling of toner must be paid attention 
to if the sampling is carried out adequately or not.  

In this paper, taking care of the sampling of toner, blow 
off measurements are carried out. With changing the suction 
pressure, blow off measurements are carried out and it is 
tried to obtain the information of toner charge distribution. 
These data are compared with the data of E-SAPRT 
measurements. 

Experimental 

The sample of toner used in this experiment is made by 
crushing method and the average diameter is around 7-8µm. 
The toner is adjusted for negative charging type by CCA 
(Charge Control Agent) and the flowing property is 
controlled by silica treatment. The carrier is made of steel 

and the diameter is around 60µm. The developer sample is 
prepared on the conditions of 2, 5 and 7 weight % of toner. 
The developer is mixed in rotating cylinder of the rotating 
speed of 120rpm and the toner is charged. The apparatus 
used for measuring the specific charge of toner is shown in 
Fig.1. Toner and carrier is separated by stainless steel mesh 
(#500) with air flow. The suction pressure is controlled by 
the power of vacuum cleaner. The suction pressure is 
monitored by pressure gauge. 
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Figure 1. Apparatus for Blow off measurement. 

Results 

Figure 2 shows the relation of the amount of toner blew 
off versus the suction pressure. It is found the amount 
increases with the increase of the suction pressure.  Figure 3 
shows the relation between the specific toner charge and the 
suction pressure. It is found that the specific toner charge 
also increases with the increase of the pressure.  

Figure 4 shows the photos of developer after toner blew 
off. It is found that at the pressure of 10kPa the toner 
remains partially on the carrier and at the pressure of 20kPa 
almost all the toner is blew off. 
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Figure 2. Dependence on suction pressure: toner wt% 5%. 
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Figure 3. Specific toner charge dependence on suction pressure: 
toner wt% 5% 

 
 
 
The charge amount and the diameter of individual toner 

are measured by using E-SPART analyzer. The measured 
result is shown in Fig. 5.  

Discussions 

Concerning the result of the blow off toner versus the 
pressure shown in Fig. 2, the reason of the increase of the 
blow off toner amount is considered as follows: the force 
between toner and carrier is distributed widely, and the 
toner of more strongly attaching to carrier is blew off as the 
suction pressure increases. When the pressure increases, the 
airflow increases and the force for blowing off toner from 
carrier increases.  
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Figure 4. Photos of developer, (a)Before Blow off,(b)Blow off at 
10kPa,(c)Blow off at 20kPa. 
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Figure 5. Distribution of toner charge and size by E-SPART 
analyzer. 

 
The attaching force between toner and carrier consists 

of electric force and van der Waals force. In an insulator 
toner case the force is mainly from the electric force.10 So, it 
is considered that the toner that is charged higher has 
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stronger attaching force. When the pressure increases, the 
blow off force increases. The above explains the increase of 
the measured specific charge according to the increase of 
the pressure. It is suggested that the information of toner 
charge distribution is obtained by measuring the specific 
charge of toner dependence on the suction pressure.  

We summarize the measured data of blow off amount 
and q/m in Table 1. The data of a kPa means that the blow 
off amount is blew off toner less than the pressure of a kPa 
and that the value q/m is (total charge of blew off)/(blew off 
toner weight). So, when we consider the toner blow off 
amount and q/m between a kPa and b kPa, the toner 
weight% and q/m blew off between a kPa and b kPa  are 
expressed as follows (b > a):  

 

,%%% baab wtwtwt −+=     (1) 

.%%% ba
ba

a
a

b
b

wt
m

q
wt

m

q
wt

m

q
−

−
⋅+⋅=⋅   (2) 

Table 1. Dependence of blow off toner wt% and specific 
toner charge on pressure: toner wt% 5% when mixing.  
Suction Pressure 

[kPa] 
Blow off toner 

Weight % [wt %] 
Specific toner 
charge [µµµµC/g] 

2 0.95 -8.9 
4 1.9 -10.05 
8 2.75 -11.15 

12 3.3 -11.8 
16 3.75 -12.25 
20 3.95 -12.65 

 
 
Equation (1) is from the relation that the blow off toner 

wt% at b kPa is the summation of blow off toner wt% at a 
kPa and blow off toner wt% between a kPa and b kPa. 
Equation (2) is from the relation that the blow off charge at 
b kPa is the summation of blow off charge at a kPa and 
blow off charge between a kPa and b kPa. From Eq. (1) and 
Eq. (2), q/m a-b is obtained: 
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Using Eq. (3) and the data of Table.1, the distribution 

of q/m is estimated and is shown in Fig. 6. From Fig. 6, it is 
found that q/m is distributed from -9 to -19µC/g.  

In Fig.5 , the lines of -10 and -50µC/g  µC/g  are 
drawn. More than half of q/m values of toner are distributed 
between theses lines. So, it is concluded that the blow off 
method of varying suction pressure can estimate q/m 
distribution, though E-SPART show a little higher q/m 
values.  
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Figure 6. Estimated specific toner charge distribution. 

Conclusion 

Specific toner charge is measured on the various conditions 
of the suction pressure. It is obtained that the specific toner 
charge measured increases with the increase of the suction 
pressure. The reason is considered that the highly charged 
and strongly attaching toner is blew off in the strong suction 
pressure.  

It is shown that the q/m distribution can be roughly 
estimated from the pressure dependence of the measured 
data of blow off amount and q/m. 

Acknowledgements 

The authors would like to express sincere thanks to Mr. H. 
Totsuka of Tomoegawa Paper Company for supplying the 
sample toner. 

References 

1. R. M. Schaffert, “Electrophotography”, The Focal Press, 
London, (1975). 

2. L. B, Schein, “Electrophotography and Development 
Physics”, Springer-Verlag (1988). 

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. Kiatkamjornwong, 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 (in Japanese). 

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

NIP17: International Conference on Digital Printing Technologies

862



 

 

7. R. Baur and H. T. Macholdt, “Charge Control Agents for 
Triboelectric (Friction) Charging”, J. Electrostatics, 30 
(1993) pp. 213-222.  

8. L. B, Schein, “Electrophotography and Development 
Physics”, Springer-Verlag (1988) pp.79-82. 

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. 

10. H. Iimura, H. Kurosu and T. Yamaguchi, J. Imaging Sci. 
Technol., 44 (2000) p. 457/H. Iimura, “Study of Toner 
Adhesion –Effect of an External Additive-”, Ricoh Technical 
Report 26 (2000) pp. 34-41 (in Japanese). 

 

 

Biography 

Ryousuke Ohtsuka is graduate course student of Nippon 
Institute of Technology since 2000. He gained Bs. degree 
from Nippon Institute of Technology and is now studying 
measurement of toner charge by blow off method in 
Hoshino laboratory of Nippon Institute of Technology. E-
mail:s2004008@stu.nit.ac.jp 

Hoshino Yasushi 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 (process speed 89 
cm/s), 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. He published more than 20 papers and several papers 
also in IS&T’s Journal. He attended almost NIP congresses. 
E-mail:hoshino@nit.ac.jp

 

NIP17: International Conference on Digital Printing Technologies

863


	860



