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Abstract 
Toner charge is very important in electrophographic printing 
process. Toner charge depends on various factors: charging 
method, materials including additives, and environment. Many 
studies have been carried out from the various points, but the 
charging characteristics of toner are not yet understood well. In 
this study, toner charging characteristics are investigated form the 
viewpoint of toner shape. A series of toner are prepared from 
pulverized to several degrees of rounded. Toner charge is 
measured by E-SPART analyzer. Toner charging carried out as: 
toner and carrier are kept in standard humidity and temperature 
more than 24 hours, and they are bottled and the bottle is rotated. 
The toner charge dependence on toner weight % is obtained. It is 
found that the toner charge dependence on toner weight % shows 
different tendency between no-rounded and rounded toner.  

Introduction 
Toner plays a very important role in the electrophotographic 
printing process.1,2 Toner is required to have various functions. 
Among them, toner charge is essential one, because development 
and transfer are carried out by utilizing its charge. Toner charge 
gives great influence to image quality in the electrophotographic 
printing. A lot of studies have been done for understanding toner 
charging mechanism. But the mechanism is complex and is 
influenced by many factors such as toner materials, charging 
conditions,3-5 humidity and so on. It is considered that the 
understanding of toner charging mechanism is not yet sufficient. 
In this report, toner charging mechanism is studied from the 
viewpoint of toner shape. The specific toner charge of various 
shape toner is measured by E-SPART (Electrical Single Particle 
Aerodynamic Relaxation Time), which has characteristics of 
simultaneous measurement of toner charge and size.6 The 
dependence of the toner charge on toner weight % are obtained. Its 
dependence is important in practical developing process and also is 
used as a probe for understanding toner charging mechanism. For 
example, the applicability of the surface state theory is discussed 
often from the relation of inverse of toner charge and toner 
weight%.7 The difference of the toner charge dependence on toner 
weight % is found among the different shape toners and is 
discussed. 

Experimental 
The toners used in this experiment are made by pulverization 
method. The toner shape is controlled by rounding process and 
several rounded level toners are prepared. The shape factor and 
diameter are summarized in Table 1. Toner M1 is just pulverized 
and toners M2-M4 are rounded. Photos of the toners are shown in 
Fig. 1. The toners are adjusted to a negative charging type by CCA 
(Charge Control Agent) and the flow property is controlled by 
surface additive treatment. The carrier used in this experiment is 
shown in Fig. 2. It is found that the surface of the carrier is 

wrinkled. The carrier is made of steel and the diameter is around 
60-120µm. The developer samples of mixture of toner and carrier 
are prepared at 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 charged by the contact with carrier. The 
mixing time is 10 min. 

Table 1: Toner Size and Shape Factor 
Toner 

Sample 
Shape 
factor 

Number 
mean 

diameter 
(µm) 

Volume 
mean 

diameter 
(µm) 

M1 0.911 7.45 10.38 
M2 0.957 7.07 9.52 
M3 0.964 7.02 11.04 
M4 0.971 6.80 9.05 

  

(a) (b) 

(c) (d) 

 
Figure 1. SEM images of toners: (a) M1, (b) M2, (c) M3, (d) M4. 

 
Figure 2. SEM image of carrier.  
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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 
The histograms of toner diameter are shown in Fig. 3-6. The 
diameter measured by E-SPART is aerodynamic diameter. 
It is found that the diameters of each toner are distributed from 4 to 
8 µm. The histogram of toner 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. 

Mean diameter of toner measured by number mean diameter and 
volume mean diameter, which are shown in Table 1, is a little bit 
bigger than the value by E-SPART. The difference maybe due that 
the toner shape is not spherical. Next, the relations of a specific 
toner charge and the toner weight % are shown in Fig. 7. For the 
just 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 rounded toner is nearly constant 
between 1wt% and 4wt%, and then shows decrease. The same 
different characteristics of the toner specific charge dependence 
on the toner weight % between polymerized and pulverized toner 
was also reported.8 The two causes of the difference are 
considered: from the difference of the shape or of manufacturing 
method. Even in the same manufacturing method, same tendencies 
of the toner specific charge dependence on the toner weight % is 
obtained in this experiment. So, it is considered that the difference 
of the toner specific charge dependence is due to toner shape. This 
is because of the difference of flowability. It is considered that the 
difference of the tendencies results from the toner shape. It is 
inferred that the rounded toner has good flowability and easy to 
roll because the rounded toner is more round than the just 
pulverized toner. Therefore the almost all surface of the rounded 
toner contacts with carrier and is charged till the carrier fully 
covered by toner. The decrease at 5wt% and above is due to the 
excess toner for single layer coverage on the carrier surface. The 
relations between toner charge and toner size are shown in Figs. 8-
11. It is inferred that the rounded toner has good flowability and 
can easily roll on carrier surface because the rounded toner is more 
round than the just pulverized toner. The square relation is 
considered to be reasonable because the surface of toner increases 
as the square of toner size. In the case of irregular shape toner, 
toner charge showed decrease at the big size area in 3, 5wt%. This 
may result from the difference of the toner flowability. 

0 5 10 15
0

100

200

300

400

500

600

700

800

900

co
un

t

toner size [µm]

 3wt%
 5wt%
 7wt%

 
Figure 3. Histogram of toner size of M1 toner. 
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Figure 4. Histogram of toner size of M2 toner. 
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Figure 5. Histogram of toner size of M3 toner. 
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Figure 6. Histogram of toner size of M4 toner. 
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Figure 7. Specific toner charge dependence on toner weight%. 
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Figure 8. Toner charge dependence on toner diameter of 1wt%. 
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Figure 9. Toner charge dependence on toner diameter of 3wt%. 
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Figure 10. Toner charge dependence on toner diameter of 5wt%. 
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Figure 11. Toner charge dependence on toner diameter of 7wt%. 

Conclusions 
The obtained results are summarized as follows: 

1. The specific toner charge dependence on toner weight % is 
measured on the different shape toner of same material. The 
specific toner charge of irregular shape toner shows decrease 
according to the toner weight % increase, however the 
specific toner charge of spherical shape toner does not show 
distinct decrease till a certain toner weight %, then shows 
decrease.   

2. Same tendencies of specific toner charge dependence on toner 
weight % are obtained for an irregular shape pulverized toner 
and a spherical shape polymerized toner. 

3. So, it is considered that the difference is mainly due to the 
shape of toner. 
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