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Fig.1-1  Schematic diagram of elecrophotography process. 
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Fig.1-2  Photograph of toner scattering in line image of elctrophotography. 

 

 

Fig.1-3  Photograph of hollow defects in charactor image of elctrophotography. 
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Fig.1-4  Schematic diagram of photoconductor. 
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Fig.1-5  SEM image of pulverized irregularly shaped toner particles. 

 

 

Fig.1-6  SEM image of chemical spherical toner particles. 
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Fig.1-7  Adhesion of toner particles in transfer area. 
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Fig.1-8  Schematic diagram of roller transfer process. 

 

(1-30)

1-9
 

 

 

Fig.1-9  Schematic illustration of one-dimensional electric field calculation model in 
transfer process. 
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Fig.1-10  Relationship between transfer efficiency and transfer potential. 
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Fig.1-11  Schematic diagram of tandem type transfer process of color printer using 
intermediate transfer belt. 
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Fig.2-1  Schematic illustration of the substrate for measurement of the adhesion 
between toner particles and photoconductor. 

 

Fig.2-2  Schematic illustration of the substrate for measurement of the adhesion 
between toner particles. 
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Fig.2-3  Schematic illustration of the centrifugal method. 
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Fig.2-4  Photograph of Hitachi Koki CP100  Ultracentrifuge.  
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Fig.2-5  SEM image of toner samples for measurement of adhesion. 
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Fig.2-6  SEM image of toner surface.  
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Fig.2-7 Relationship between the surface coverage of toner additive and the 
concentration of the additive. Calculation-1: Da=14 nm, Calculation-2: Da = the average 
diameter of the aggregates. 
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Fig.2-8  Distributions of adhesion force for non-tribocharged toner particles with 
various toner surface coverage. 

0

20

40

60

80

100

0 20 40 60
Surface Coverage (%)

A
dh

es
io

n 
(n

N
)

 

Fig.2-9 Dependence of the average adhesion force on the toner surface coverage for the 
non-tribocharged toner particles. 
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Fig.2-10 Size dependence of the adhesion force for the non-tribocharged toner particles 

with various toner surface coverage. 
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Fig.2-11 Contact models between a toner particle with additives and a photoconductor: 
(a) Toner surface contacts photoconductor, (b) Additives contact photoconductor. 
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Fig.2-12  Dependence of the average adhesion force on the toner surface coverage for 

the non-tribocharged toner. 
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Fig.2-13  Distributions of adhesion force for tribocharged toner particles with various 
toner charge to mass ratio, Q/M. 
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Fig.2-14  Dependence of the average adhesion force on the toner charge to mass ratio, 
Q/M. 
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Fig.2-15  Log-Log plot between the average electrostatic adhesion force Fe and the 
toner charge to mass ratio, Q/M. 
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Fig.2-16 Dependence of the average adhesion force on the square of toner charge to 
mass ratio, (Q/M)2. 
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Fig.2-17  Dependence of the average electrostatic adhesion force Fe on the square of 
toner charge to mass ratio, (Q/M)2. 
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Fig.2-18  Slope between the average adhesion force and (Q/M)2, , plotted against the 
toner surface coverage. 
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Fig.2-19  Dependence of the average electrostatic adhesion force Fe on the surface 
coverage. 
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Fig.2-21  Ratio of the total charged area on the toner surface to the toner surface area, 
At/S, plotted against the surface coverage. 
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Fig.2-22  Dependence of the average adhesion force on the toner surface coverage for 
the non-tribocharged and tribocharged toner particles. 
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Fig.2-23  Dependence of the normalized non-electrostatic and electrostatic adhesion 
force on the toner surface coverage. 



 - 43 -

-  

 

 

 

 

 



 - 44 -

3  

 
-  

(3-1)-(3-3)

3

 
 

-  

- -  

3-1

 
ITO(Indium Tin Oxide)

6 m (PC)
ITO ( 0.1 mm 1 mm)

( VH-5900)  



 - 45 -

 
 
 
 
 
 
 
 
 

(a) Development process 
 
 
 
 
 
 
 
 
 

(b) Transfer process: Approaching 
 
 
 
 
 

(c) Transfer process: Contacting 
 
 
 
 
 
 
 

(d) Transfer process: Separating 

Fig.3-1  Schematic diagram of the experimental setup for single color transfer process 
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Fig.3-2  Photograph of a scattered line image  
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Table 3-1  Experimental conditions 
Electric potential of image area VL 100 [V] 
Electric potential of non-image area VD 280 [V] 
Electric potential of transfer VT 600 [V] 
Average diamater of toner 6.8 [ m] 
Charge-to-mass ratio of toner Q/M 27 [ C/g] 
Amount of toner M/A 0.6 [mg/cm2] 

 

3-3(a) (f)
3-3(a) Z = 300 m

3-3(b) Z = 200 m
Z = 300 m

0.1mm 



 - 48 -

3-3(c) (d) Z = 150 m 100 m
Z = 200 m Z = 100 m

Z = 
100 m

3-3(e) Z = 50 m

Z = 100 m
3-3(f) Z = 10 m

 
3-3 3-4 3-4
Z 300 m Z
N Z 200 m 120 m

Z N 3-3(e)

3-4
3-4

 

Schein(3-1)

3-4
Rushing(3-2)

Nakayama(3-3)

2

3-6 2 3
3-7-1

 



 - 49 -

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.3-3  Observed toner scattering images. 
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Fig.3-4  Experimental result of relationship between the number of toner scattering 
and the transfer gap. 
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Fig.3-5  Experimental result of relationship between the number of toner scattering 

and the transfer gap at various transfer potential VT. 
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Fig.3-6 Relationship between the maximum number of toner scattering Nmax and 

VT VL. 
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Fig.3-7 Relationship between the transfer gap where toner scatterings begin and 

VT VL. 
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Fig.3-8 Relationship between the maximum number of toner scattering and VL VD. 
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Fig.3-9 Relationship between the transfer gap where toner scatterings begin and 
VL VD. 
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Fig.3-10 Relationship between maximum number of toner scattering and 
(VT VL) (VL VD). 
 
 

0

100

200

300

-200 0 200 400 600
(V T V L ) (V L V D ) (V)

Tr
an

sf
er

 g
ap

 w
he

re
 to

ne
r

sc
at

te
rin

gs
 b

eg
in

 
(

m
)

 
Fig.3-11 Relationship between the transfer gap where toner scatterings begin and 
(VT VL) (VL VD). 
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Fig.3-12  Schematic illustration of electric field calculation model. 

0

z
dp 

Electrode

dt

PC Layer 

Toner Layer 



 - 56 -

(3-2) Vp (3-3)  
 

0p

pttd
0

0p

tt
p

dd
dzdV p      (3-3) 

 
z Etoner  

 

0t

tpt

0t

pt
S toner

SddzSSdz
dSzE            (3-4) 

 

t (3-4) Etoner (3-5)  
 

0t

tpt
toner

ddz
zE      (3-5) 

 
(3-3) (3-5) Vtoner (3-5)  

 

t

t

p

p

0

ttdd
d

0t

tpt
ptoner 2

ddddz
ddz

VV tp
p (3-6) 

 
ITO VL Vtoner

(3-7)  
 

L
t

t

p

p

0

tt
toner V

2
dddV (3-7) 

 
dt VK8500

t (3-8) M/V JIS
 (Z2504)  

 



 - 57 -

V
M

M
Q

t (3-8) 

 

t (3-9) t tp

 
 

11
V
M1

tp
t

t (3-9) 

 
3-12 3-13 (VT VL) (VL VD) VL Vtoner

(VT Vtoner) (Vtoner VD) 3-14 3-15

 
 

0

100

200

300

-200 0 200 400 600
(V T V L ) (V L V D ) (V)

M
ax

im
um

 n
um

be
r o

f t
on

er
sc

at
te

rin
g

0.9
0.6
0.3

M/A (mg/cm2)

 
Fig.3-12 Relationship between maximum number of toner scattering and 
(VT VL) (VL VD). 
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Fig.3-13 Relation between the transfer gap where toner scatterings begin and 
(VT VL) (VL VD). 
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Fig.3-14 Relationship between maximum number of toner scattering and 
(VT Vtoner) (Vtoner VD). 
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Fig.3-15 Relationship between the transfer gap where toner scatterings begin and 
(VT Vtoner) (Vtoner VD). 
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Fig.3-16 Relationship between maximum number of toner scattering and 
(VT Vtoner) (Vtoner VD). 
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Fig.3-17 Relationship between the transfer gap where toner scatterings begin and 
(VT Vtoner) (Vtoner VD). 
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Fig.3-18 Relationship between maximum number of toner scattering and the transfer 
gap where toner scatterings begin. 
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Fig.3-19 Calculation area of single color transfer process between parallel plates. 
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Table 3-2 Parameters of calculation 
VL 100 [V] 
VD 280 [V] Electric 

potential 
VT 600 [V] 

Velocity of approach 0.3 [m/s] 
Thickness 6.0 10 5 [m] 

PC film 
Relative permittivity 3.3  
Thickness 6.0 10 5 [m] 
Relative permittivity 10.0 Transfer 

belt 
Resistivity 1.0 107 [ m] 
Average diameter 6.8 10 6 [m] 
Q/M 26.5 [ C/g] 
M/A 0.61 [mg/cm2] 

Toner 

Relative permittivity 1.0 
PC film 6.0 10 8 [N] 
Transfer belt 6.0 10 8 [N] Average toner  

adhesion 
Toner 5.0 10 9 [N] 
PC film 0.2 
Transfer belt 0.4 Frictional 

coefficient 
Toner 0.2 

Coefficient of restitution 1.82 10 5 [Pa m] 
Coefficient of viscosity 0.2 
Mesh size 2 10 6 [m] 
Time step 1 10 6 [s] 

Initial value 3.28 10 4 [m] 
Transfer gap 

Minimum value 3.4 10 5 [m] 
 

3-21 3-22 3-21
3-22

Z= 304 m Z= 250 m
Z= 

202 m 148 m 100 m
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Fig.3-21  Top view of simulated toner scattering images. 

(a) Z= 304 m (b) Z= 250 m 

(c) Z= 202 m (d) Z= 148 m 

(e) Z= 100 m (f) Z= 52 m 
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Fig.3-22  Perspective view of simulated toner scattering images. 

(a) Z= 304 m (b) Z= 250 m 

(c) Z= 202 m (d) Z= 148 m 

(e) Z= 100 m (f) Z= 52 m 
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Fig.3-23 Experimental and simulation result of relationship between number of toner 
scattering and transfer gap. 
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Fig.3-24 Distribution of Ez in xz plane. 

 
 

 

Fig.3-25 Distribution of Ex in xy plane. 
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Fig.3-26 Distribution of Ez and Ex in toner layer. (Z= 328 m)  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-27 Distribution of Ez and Ex in transfer area. (Z= 328 m)  
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Fig.3-28 Distribution of Ez in toner layer. 
 
 
 
 
 
 
 
 
 
 
 

Fig.3-29 Distribution of Ex in toner layer. 
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Fig.3-34 Distribution of Ex in transfer area. (Z= 328 m) 
(M/A= 0.6 mg/cm2, VT= 600 V) 
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(a) VD = 100 V 
 
 
 
 
 
 
 
 

(b) VD = 500 V 

Fig.3-35 Distribution of Potential and Ez in transfer area. (Z= 328 m) 
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Fig.3-38 Potential related with transfer process, VT : Transfer potential, VL : Potential 
of image area, VD : Potential of non-image area, Vtoner : Surface potential of toner layer. 
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Fig.4-1  Schematic diagram of the experimental setup for multi-color transfer process 
between parallel plates. 

Transfer Belt 

Microscope Light 

Glass Plate 

ITO Electrodes 

Polycarbonate 

Transfer Media 
Metal Plate 

Development Sub-Unit 

VD VL 

Toner1 

VT 

VT 

(a) Development process

Toner2 

VT 
(b) Transfer process: Approaching

(c) Transfer process: Contacting

(d) Transfer process: Separating



 - 84 -

(ImageProPlus)

N  
 

-  

4-2
4- 4-1 Q/M M/A 2

  

Table 4-1  Experimental conditions 
Electric potential of image area VL 100 [V] 
Electric potential of non-image area VD 280 [V] 
Electric potential of transfer VT 600 [V] 
Average diamater of toner 6.8 [ m] 
Charge-to-mass ratio of toner Q/M 30 [ C/g] 
Amount of toner M/A 1.52 [mg/cm2] 

 
4-2(a) (f)  

4-2(a) 1
4-2(b)

2
4-2(c) 4-2(f)

Z

2 1
2

 



 - 85 -

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4-2  Observed toner scattering images in the separating process.  
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Table 4-2  Experimental conditions 
Q/M [ C/g] M/A [mg/cm2] 

20 1.2 1.43 1.7 
27 1.0 1.3 1.6 
34 1.1 1.35 1.6 
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Fig.4-3  Experimental results of relationship between the number of toner scattering N 
and the amount of transferred toner M/A. 
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Fig.4-4 Decision coefficient R2 vs combination of n and m for N=|Q/M|n(M/A)m. 
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Fig.4-5  Experimental results of relationship between the number of toner scattering N 
and |Q/M|(M/A)2. 
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Table 4-3  Experimental conditions 
Ft [nN] Q/M [ C/g] M/A [mg/cm2] 

1.6 30 0.90 1.11 1.25 1.46 
2.2 28 0.86 1.09 1.14 1.34 
4.8 28 0.95 1.11 1.38 1.60 

17.1 23 1.18 1.28 1.29 1.52 
21.7 41 0.86 1.23 1.45 1.74 
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Fig.4-6  Experimental results of relationship between the number of toner scattering N 

and |Q/M|(M/A)2 for several toner-toner adhesion Ft. 
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Fig.4-7  Relationship between the number of toner scatterings N and the surface 
potential of toner layer Vtoner. 
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Fig.4-8  Slope between the number of toner scatterings and the surface potential of 
toner layer, K, plotted against the toner-toner adhesion Ft . 
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Fig.4-9  The surface potential of toner layer Vth, with which the number of toner 
scatterings equals to zero, plotted against the toner-toner adhesion Ft . 



 - 92 -

-  

3
3-5 1

3-5 2
4-10 1

2 2
Zmin

Zmax

 
 

 
 

 

Fig.4-10  Calculation area of multi-color transfer process between parallel plates. 
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Table 4-4 Parameters of calculation 
VL 100 [V] 
VD 400 [V] Electric 

potential 
VT 500 [V] 

Velocity of separation 1 [m/s] 
Thickness 6.0 10 5 [m] 

PC film 
Relative permittivity 3.3  
Thickness 6.0 10 5 [m] 
Relative permittivity 10.0 Transfer 

belt 
Resistivity 1.0 107 [ m] 
Average diameter 6.8 10 6 [m] 
Q/M 27.9 [ C/g] 
M/A 1.49 [mg/cm2] 

Toner 

Relative permittivity 1.0 
PC film 5.4 10 8 [N] 
Transfer belt 5.4 10 8 [N] Average toner  

adhesion 
Toner 1.5 10 8 [N] 
PC film 0.2 
Transfer belt 0.4 Frictional 

coefficient 
Toner 0.2 

Coefficient of restitution 1.82 10 5 [Pa m] 
Coefficient of viscosity 0.2 
Mesh size 2 10 6 [m] 
Time step 2 10 6 [s] 

Initial value 2.0 10 4 [m] 
Minimum value 3.5 10 5 [m] Transfer gap 
Maximum value 1.0 10 3 [m] 
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Fig.4-11  Simulated toner scattering images in the separating process. 
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Table 4-4 Parameters of calculation 
Ft [nN] Q/M [ C/g] and M/A [mg/cm2] 

Q/M 16.7 27.9  5 
 M/A  1.49 1.49  

Q/M 27.9 16.7 34.9 34.9 55.8 
15 

M/A  1.49 1.49 1.49 1.16 1.16 
Q/M 27.9 27.9 34.9  

20 
M/A 1.49 1.16 1.16  
Q/M 34.9 34.9  
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M/A 1.49 1.16  
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Fig.4-12  Simulation results of relationship between the number of toner scattering N 

and |Q/M|(M/A)2 for several toner-toner adhesion Ft. 
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Fig.4-13  Simulation and experimental results of relationship between the number of 
toner scattering N and |Q/M|(M/A)2. 
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Fig.4-19  Relationship between the number of toner scatterings N and |Q/M|(M/A)2 for 
different toner-toner adhesion Ft. 
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Fig.5-1  Schematic diagram of the experimental setup for transfer process of line image 
between parallel plates. 
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Fig.5-2  Photograph of hollow defects in line image. 
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Table 5-1 Properties of toner 

Toner 
Average

Diameter
 [ m ] 

Roundness
Rc 

Fne [nN]

A 7.62 1.524 13.19
B 6.44 1.207 11.12
C 6.29 1.279 8.59
D 4.80 1.509 7.01
E 5.82 1.308 21.30
F 7.62 1.524 68.87
G 6.44 1.207 77.64

 
 

     

 

   

 
Fig.5-3  SEM image of toner samples for model experiment. 
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Table 5-2  Experimental conditions 
Electric potential of image area VL 100 [V] 
Electric potential of non-image area VD 320 [V] 
Electric potential of transfer VT 350 [V] 
Amount of toner M/A 0.6 [mg/cm2] 
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Fig.5-4  Relationship between the hollow defect rate and the pressure of transfer nip. 
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Fig.5-5  Slope between the hollow defect rate and the pressure of transfer nip, Kh, 
plotted against the roundness of toner particles. 
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Fig.5-6  Relationship between the hollow defect rate and the pressure of transfer nip. 
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Fig.5-7  Slope between the hollow defect rate and the pressure of transfer nip, Kh, 
plotted against the non-electric adhesion force between toner and photoconductor. 
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Fig.5-8  Schematic diagram of the compression tester. 
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Fig.5-9  Relationship between the rupture stress and the pressure of preparatory 
consolidation. 
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Fig.5-10  Relationship between the rupture stress and the roundness of toner particles. 
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Fig.5-11  Relationship between the rupture stress and the roundness of toner particle. 
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Fig.5-12  Slope between the hollow defect rate and the pressure of transfer nip, Kh, 
plotted against the rupture stress. 
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Fig.5-13  Thickness distribution of toner layer in line image. 
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 Fig.5-14  Model of hollow defect. 
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Fig.5-15  Forces acting on toner particles in toner layer. 

 
 

 

Fig.5-16  Simple model of forces acting on toner particles in toner layer. 
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Fig.5-17  Schematic illustration of the method of pushing toner particles to 

photoconductor by the centrifugal force. 
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Fig.5-18  Relationship between non-electric adhesion force and centrifugal force  in 
the case of toner A. 
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Fig.5-19  Relationship between non-electric adhesion force and centrifugal force  in 
the case of toner B. 
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