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Study on Adhesion and Transfer of Toner
Particles in Elecrophotography Process
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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.1-6 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.
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Fig.1-10 Relationship between transfer efficiency and transfer potential.
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Fig.2-3 Schematic illustration of the centrifugal method.
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Fig.2-4 Photograph of Hitachi Koki CP100a 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: D,=14 nm, Calculation-2: D, = 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.
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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, O/M.
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Fig.2-14 Dependence of the average adhesion force on the toner charge to mass ratio,

O/M.
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Fig.2-15 Log-Log plot between the average electrostatic adhesion force F, and the
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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 F, 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 (O/M)2, 7, plotted against the

toner surface coverage.
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Fig.2-19 Dependence of the average electrostatic adhesion force F, on the surface

coverage.
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Fig.2-20 Schematic illustration of a particle with a non-uniform charge distribution.
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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.
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(a) Development process
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(d) Transfer process: Separating !

Fig.3-1 Schematic diagram of the experimental setup for single color transfer process

between parallel plates.
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Fig.3-2 Photograph of a scattered line image.

RGN —EHE TBE L TV D720, &Rl LIZBBBR 0% 7 L — L2 1T 2 EEEOL
K LER BRI O EREGR T v > 7)Z 13, BRBIBAARIE D Z, REROBOTHE, Paskefi])»
ORODHILNTED, DD, K7 VL—LHZBIFL5FY F—8 N z7tll 52 L1
0. FUPT—ENDOIEEX v v TEIFEEZRD L Z LI TE S,

3-3 ERETF VU REREORHIL

3-2 Tk Rz b —ZFEBEEIC LY | G5 F VU RAERREBE LT, ABIEOFERSE
a3 1ITRT, 72720, O/MIZBE N —OHEES -V OFEREZ R L, M/A I
B N — OB EBEE ST OEELZ R L TN D,

Table 3-1 Experimental conditions

Electric potential of image area V; -100 [V]
Electric potential of non-image area V) -280 [V]
Electric potential of transfer Vr 600 [V]
Average diamater of toner 6.8 [ m]
Charge-to-mass ratio of toner Q/M -27 [uClgl
Amount of toner M/A 0.6 [mg/cm?]

BEIC L0 o= BmE & S L 72§ L o i KEG 2 X 3-3(@)~O1cx3, X
3-3(@)L Z=300 um \ZBITHEBE T, 74 VEBIATE LT D b — X8R REICIEm &
EICATE LT =T, BEF VITFEL TV, 3-3(b)IX Z = 200 um IZFT 5
BT, Z=300 um ODHFA LV LT A VEDICHELTHD M F—2 L TEY ., 5
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Rushing®?2 &% M F—fFHIZAKEH M OIEH N L - TG T U BB ETHET V&R
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(a) Z=300 u m (b) Z=200 u m

(e) Z=50 u m ) 7z=10um

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 V7.
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Fig.3-6 Relationship between the maximum number of toner scattering N,.. and

VT_ VL .

-51-



EI3E HAEKIZBITEBETF Y OENT

400

300 | .

Transfer gap where toner
scatterings begin (Jm)
N
(=]

o

0 L L L L

0 200 400 600 800 1000
Vi-V,. (V)

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 V;—V)p.
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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
(VT_ VL)_(VL_ VD).
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Fig.3-11 Relationship between the transfer gap where toner scatterings begin and

Vrv)-(Vi=Vp).
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Fig.3-12 Schematic illustration of electric field calculation model.
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Fig.3-12 Relationship between maximum number of toner scattering and
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Transfer gap where toner
scatterings begin (um)
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Fig.3-13 Relation between the transfer gap where toner scatterings begin and

V=V)-(V=vp).
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Fig.3-14 Relationship between maximum number of toner scattering and

(VT_ Vtoner)_( Vioner™ VD) .
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Fig.3-15 Relationship between the transfer gap where toner scatterings begin and

( VT_ Vtoner)_( Vtoner_ VD) .

3'].4 7\7))5)\ ?: U }\ﬂ_‘—iﬁ Nmax &iﬁﬁ&:%‘éﬁ”é%{j VT\ VD\ Konero)&ﬁﬁ%ﬁiﬂ(s_lo)@i
WIZRDOEL BT LNITR T,

Nmax = a[(VT - Vtoner ) - (Vtoner - VD )] + NO (3-10)

T, a3 BIREL. NolE i Vine)=Vione VD) =0 (21T D Ny TH 5, ﬁ®1m;@
%@%)%&;i%ﬁ%)%ﬁ%ﬁ%vymmk%@%J%mﬁfé Viener=Vp DFEIT
STRED, ZOH, BEF U 2T 21203, ViViewe /NS <L Viewe= Vo znj:é%f;
BE T, Vi \CEDET V& Vp ZRIET HHERD B,

3-4-4 ®EBEFY & MF—fIEHOBK

34-3HETIITRTHAL b —(rF—AZHNTHRF LB BT VT 5 h—
(ENDOREEROENIT S0, (ENIORRD b F—(FF—B)Z&HAWZHA0iRE
F VU LHRGRT A= OBURIZOWTREI LTz, 5 2 T CaltBd L7 lE 71k CEBR I A
L7z b — L BOLRRAE 2 JE LR, b —A X 36 nN (O/M=-2Tu Clg). b —
B X 276nN (O/M =-32 uClg) Th o7z, FEBRSEIMFIL, BEEN Vr LAMEE 3-1 LA U T,
B2 72 VT IZOWTD Ny BE W Zy, Z2RD7=, b T —A & FF—BIZONTD N, B8EW
Zin & V1 Vione)~Vionar= Vo) DBWR Z X 3-16 LK 3-17 IZRT, KDL S, (EHDOKRE A
N =B D Npux & Zp lZOWTOBIERRIT, FF—A TR TTFHIC FLTWSHZ &

-59-



EI3E HAEKIZBITEBETF Y OENT

DoND, IHIZ, & M F—IZOWNTD Zy & Npo ODEFREIK 3-18 1273, DX H 1T,
B OKREI N —B O Z, OFHIL, 5 TTO/NS 72 M —A IZHATRY v » 7k
WZHV ., 2D =B D Ny OFEIPHIL T —A L0 L/ SWEEERIZ 2> TR Y, i35

T U BB DI,

250

200

- -
(=1 A
o o

Maximum number of toner
scattering
(3,1
o

Fig.3-16
(VT_ Vtoner)_( Vtaner_ VD) .

w
(=]
o

N
(=]
o

100

Transfer gap where toner
scatterings begin (Jm)

Fig.3-17
(VT_ Vtoner)_( Vioner™ VD) .

| m TonerB

® Toner A PY

200 400 600 800
(VT_ vtoner)_(vtoner_ Vo ) (V)

Relationship between maximum number of toner

1000

scattering and

® Toner A
m TonerB

200 400 600 800
(VT_ vtoner)_(vtoner_ Vp ) (V)

-60-

1000

Relationship between the transfer gap where toner scatterings begin and



EI3E HAEKIZBITEBETF Y OENT

5 250

S ® Toner A e

S 200 mTonerB .7 !

S o °

& 2150 |

Q ‘= o [

E g i ] o ’.‘..o

S §100 [ M e

g ® .

S RL I S

g S0 0 el

E MW

§ 0 | | |
0 100 200 300
Transfer gap where toner scatterings

begin (pm)

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

v ~100 [V]
Electric
potential Vo ~280 [V]
Vr 600 [V]
Velocity of approach 0.3 [m/s]
, Thickness 6.0X1075 [m]
PC film
Relative permittivity 3.3
Thickness 6.0X1075 [m]
%Z insfer Relative permittivity 10.0
Resistivity 1.0X107 [Q-m]
Average diameter 6.8X1076 [m]
oM -26.5 [pCrgl
Toner
M/A 0.61 [mg/cm?]
Relative permittivity 1.0
PC film 6.0x1078 [N]
Average toner N
adhesion Transfer belt 6.0x1078 [N]
Toner 5.0x107 [N]
PC film 0.2
Frictional
coefficient Transfer belt 0.4
Toner 0.2
Coefficient of restitution 1.82X 1075 [Pa-m]
Coefficient of viscosity 0.2
Mesh size 2X1076 [m]
Time step 1X1076 [s]
Initial value 3.28x107* [ml]
Transfer gap —
Minimum value 3.4%107 [m]

3-21 BLOK 3-22 1T b F—ZFF DL I = L—3 g UREREZRT, X 3-21 138225E5R
LR C KD ICHEO AR DR Rz mifg, X 3-22 1325 A mig a2 R L Tnd,
HOE ST, B85 F¥ v v 7 7=304 pm TIL M F—255 L TWRWA, Z=250 pm Tl
DEIEFLTHEY, —#O M =27 A VEEIEICRA L T\ 5, BEX v v 78 Z=
202 pm, 148 um, 100 pm EMFE D L HITEE M =ML, ZO—HN 71
B EEBICRA L TV D, 2D X DI, T —ZFEBHOBILRIC L > TH LT - T2
BOLAR LI EAROBERICRIT D M =@z, vIalb—rvailloTHATLZ
EMWTET,
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Transfer Belt Toner

) z=52 um

Fig.3-21 Top view of simulated toner scattering images.
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Photoconductor

Transfer Belt

(a)72=304 um (b) Z=250 um

() Z=202 um (d2z=148 um

(e) Z=100 um ) 7=52 um

Fig.3-22 Perspective view of simulated toner scattering images.
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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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5y E A, X325 DX 5T xy FHEICE T D0fizm L, BEEGR & xy POz H
9%,

Photoconductor

xz-plane

Fig.3-24 Distribution of Ez in xz-plane.

Photoconducto

Fig.3-25 Distribution of Ex in xy~plane.
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N —MOEEXBE NN EERNTHH Z EE2RAET 5 2 LR TEZ,

-72-



FIE HAERKIZRITIEET Y O

(b)Ex (xy~plane, H=10 um)

Fig.3-26 Distribution of Ez and Ex in toner layer. (Z= 328 1 m)

(a)Ez (xz-plane) (b)Ex (xz-plane)

Fig.3-27 Distribution of £zand Exin transfer area. (Z= 328 1 m)
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Fig.3-28 Distribution of £z in toner layer.

(a)Z=304 um (b)Z=204 um (0)Z=154 um (d)z=104 um
(H=10 um) (H=10.2 um) (H=8.8 um) (H==7.4 um)

Fig.3-29 Distribution of Ex in toner layer.
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WK<, F YV M8 OEIFUE Ny DN 2 MICH D Z 2R LTz, V=400V & V=
800 V OLEIZHNWT, FEGEX v v 7 ZIZBITH M —ED Ez /534i %X 3-30 &K 3-31
WRT, VA ORT A —2135K 32 LRI TH Y, EBRMEIL 5 MV/m~-5 MV/m % 7}
~HETEZT LTS, RUETX v v I8 2 Ez o0&k d 5L, V=800V DL
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Fig.3-30 Distribution of Ez at transfer Fig.3-31 Distribution of Ez at transfer
gap Z. (M/A= 0.6 mg/cm?, V;= 400V, V) gap Z. (M/A= 0.6 mg/cm2, V7= 800V, Vp
=-280 V) =-280V)
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B EREN DS R —EOEME D bAICKEL M= IFEEGH~DE R DB S
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(a)7=328 um (a)7z=328 um

"1.!‘(." - ——— I . B i - > - ) 2
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e e ¥

(©Z=154 um

g0 VU T S

(@d7=104 zm (d7z=104 zm

Fig.3-32 Distribution of Ez at transfer Fig.3-33 Distribution of Ez at transfer
gap Z. (M/A= 0.6 mg/cm?2, V7= 600V, Vp = gap Z. (M/A= 0.6 mg/cm2, V;= 600V, Vp
-100 V) =-500 V)

X @V,=-100V

(b) Vp= -500 V

Fig.3-34 Distribution of Ex in transfer area. (Z= 328 1 m)
(M/A= 0.6 mg/cm2, V;= 600 V)
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X (@) Vp=-100V

() Vp=-500V

Fig.3-35 Distribution of Potential and Ez in transfer area. (Z= 328 1 m)
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(e)Vp=-500V (e)Vp=-500 V

Fig.3-37 Distribution of Potential and
Ez in transfer area. (M/4= 0.9 mg/cm?,

V=600V, Z= 328 1 m)

Fig.3-36 Distribution of Potential and
Ez in transfer area. (M/4= 0.6 mg/cm?,

V=600V, Z= 328 um)
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Fig.3-38 Potential related with transfer process, V7 : Transfer potential, V; : Potential

of image area, Vp : Potential of non-image area, V.. : Surface potential of toner layer.
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Polycarbonate /
ITO Electrodes
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Transfer Belt
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Development Sub-Unit Transfer Media

(a) Development process
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(¢) Transfer process: Contacting !
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—
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(d) Transfer process: Separating !

Fig.4-1 Schematic diagram of the experimental setup for multi-color transfer process

between parallel plates.

-83-



BaE BERERIIETIEBEETF D OB

IREA~L b BICESEZGDE L2561, BEROBEICEDE TL U X% ETICBET
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TWn5,

Table 4-1  Experimental conditions

Electric potential of image area V; -100 [V]
Electric potential of non-image area V) -280 [V]
Electric potential of transfer V', 600 [V]
Average diamater of toner 6.8 [ m]
Charge-to-mass ratio of toner O/M -30 [uC/gl
Amount of toner M/A4 1.52 [mg/cm?]

BT L0 SO BE R S L 72§ L O fE KRG & X 4-2() ~ O "3, K
421X 1 EBHDOYT v M F—MEE LIt 0BG T, 74 VEBEIEICAE L TVWD b
1%, BRER LB R OB TRAE LTV b —TH 5, K 4-20)1L> 7 >~ K
F—FEIC 2 BHOYELZ NG LIZEB T, 7 0F Y M — L ERGRREET
’?LZDLE“C“%E‘E Liz~BoZ0F U b F—2RBIEL TS, X 4-2(0)7 5K 4-2001 385544k
BHUBCAA DS BERRIC B T D EB 2R L TWb, (DX 52, BEX Y v Z DHEKR
I BUZOTF U MF—RHINL, 85Xy v IR+ oIAL e b L fafnd 28 mICH
5o ZOHNBERETRAETHF YU M —IX, S5~V b EOTEREENOGRA LT T —
Thh, PR CRETLIFI M =L T4 VEGEN OB ZAIEE TRAL TV
HT EWLNDL, UbEoX iz, 28 M—%2 16GEO M — LICEEGT 58I, 8
BWETYH 2 AH M —0WEF U RREEL TWDER, < OIEET U 3 pHfhEfE CHA L
TEY, BERFUDPEICHHOEFE TS M —@0n bR EL TNDL T ERH LN E R T,
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(a) 1st Layer : Z= 20 m

(b) 2nd Layer:Z=20um

(c) 2nd Layer : Z=250 u m [§

(d) 2nd Layer : Z=500 u m

(d) 2nd Layer : Z=750 u m |

(d) 2nd Layer : Z= 1000 u m

r
i

Fig.4-2  Observed toner scattering images in the separating process.
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REC Vr ZPFTEDBNAZE T Uiz, BELREE Tl b — 0B85 Bl i3 5720
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Table 4-2  Experimental conditions

O/M [nClgl M/A [mg/cm?]
-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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> Q/M (uClg)
E 500 | ¢ -20 ®
= m -27
S 400 | e -34 ]
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>
< 300 B o ®
8 m
'S 200 |
o L 2
S 100 °
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0 | ’ | |
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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 R’ vs combination of n and m for N=|Q/M|"(M/4)".
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Fig.4-5 Experimental results of relationship between the number of toner scattering N
and |Q/M|(M/A).
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Table 4-3  Experimental conditions

F:[nN] | @M [pClgl M/A [mg/cm?]
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

% R F—IZDONTD N L |Q/M(M/AY ORFEZK 4-6 1T, MO XIS, FBKER B
F—TlE, BRTF U DORETHIOMMAF O FRIERKE L, N &|Q/M(M/A) O EBIEIR
BT HEEXDNEL o TND I RN,

800
2700 |
L.
£ 600 |
S
% 500 1 F((nN)
Q 400 | ® 1.6
8 =22
5 300 A48
& 200 | *17.1
< ®21.7
£ 100 | '
= L Fee—-t .

0 0.02 0.04 0.06 0.08 01 0.12
|Q/M |(M/A ) *(uC - mg/cm®)

Fig.4-6 Experimental results of relationship between the number of toner scattering N

and |Q/M|(M/A)* for several toner-toner adhesion F,.

-89-



BaE BERERIIETIEBEETF D OB

4-4-3 EhFVRERL M —BREBMOBR

4-4-1 JHTF U FF—5 N & (O/MYM/A)Y DHBFIBRZ B 52N L2, 2 D(O/M)(M/AY
WIS T DB EICOWTHREFT 5, N —EOKREEMEE o X OMIZHEIL, FF—
J&DIE I d 1% M/A BT D720, (O/MYM/A)Y 1Ep d 2\ %, S - EEk
D N F—JBREERL Viner 1 TRA- DD L D ITED SHL, (OMYM/A) 1E - F—J8 DK EN
IR L TWD Z ERbad, B, R DOgik M —@OHFERE LTS,

d2
Vioner = 2L (4-1)

toner
2¢g.8

# 4-2 DX EBRFMORE N =IO\, d tp tegk 3-4-3THTREM LI FETR
b, RUDEHANT Vi Z3RD72, K 4-5 OFEBRFERIHIET D N & Vil DEINEZ
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Fig.4-7 Relationship between the number of toner scatterings N and the surface

potential of toner layer V.
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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 F;.
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Fig.4-9 The surface potential of toner layer Vj, with which the number of toner

scatterings equals to zero, plotted against the toner-toner adhesion F;.
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Fig.4-10 Calculation area of multi-color transfer process between parallel plates.
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Table 4-4 Parameters of calculation

v, -100 [V]
Electric
potential Vo ~400 VI
Vr 500 [VI
Velocity of separation 1 [m/s]
_ Thickness 6.0x107% [m]
PC film - ——
Relative permittivity 3.3
Thickness 6.0X107% [m]
EZ insfer Relative permittivity 10.0
Resistivity 1.0x107 [Q -m]
Average diameter 6.8X1076 [m]
oM -27.9 [pCrgl
Toner
M/A 1.49 [mg/cm?]
Relative permittivity 1.0
PC film 5.4X1078 [N]
Average toner Transfer belt 5.4x1078 [N]
adhesion
Toner 1.5x 1078 [N]
PC film 0.2
Frictional Transfer bel 4
coefficient anster belt 0.
Toner 0.2
Coefficient of restitution 1.82X107 [Pa-ml]
Coefficient of viscosity 0.2
Mesh size 2X1076 [m]
Time step 2X1076 [g]
Initial value 2.0X107* [m]
Transfer gap | Minimum value 3.5X1075 [m]
Maximum value 1.0x1073 [ml]
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(d) Z= 750 u m (e) Z= 1000 u m

Fig.4-11 Simulated toner scattering images in the separating process.
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Table 4-4 Parameters of calculation

Fy [nN] O/M [pCl/g] and M/A [mg/cm?]
5| om 167 -27.9
M/A 1.49 1.49
oM -27.9 -16.7 -34.9 -34.9 -55.8
1o M/A 1.49 1.49 1.49 1.16 1.16
oM -27.9 -27.9 -34.9
20 M/A 1.49 1.16 1.16
ol oM -349| -349
M/A 1.49 1.16

# FAZXT % N L\ OMM/AY DEIFEK 4-12 17T, Mok o, ERF Y 03AET
DIOMI(M/A X FIRER &Y . FIRMELLETIE N &|O/MI(M/A) DSEBIER & 720 . F,0
B & T IR EME T L. |O/MI(M/A) @ FHMEARHIR L TRV . X 4-6 D ERREED
i & 3t LT 5,

FMEER UHED N E|O/MM/A) OBMRICET 53 R 2 L—v 3 Ul R & B R %
B 4-18 1R T A, FU M —HOFHEMIZFERE LD b RENWZ LR bnd, FEB Tl
LUK & ER AR D BEMFEIC N —E~—EDENZHI L T D, b —J@~DES
IZE>T F, PR L CGRODOEHEIC L DFHIEE D b RELS RoTW DL ATREMERH Y | &
Ralb—va URREERERNE LR HBDO—DEEZILND,
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800
700
600 |
500 |
400 |
300 |
200 |
100 |

Number of toner scattering

o

0 0.02 0.04 0.06 008 0.1
|Q/M | M/A )2 (uC - mg/cm®)

Fig.4-12 Simulation results of relationship between the number of toner scattering N

and |Q/M|(M/A)* for several toner-toner adhesion F,.

800
700

F.(nN)
A 5(Sim)
600 | . 4.8(Exp)
500 [ « 20(Sim)
400 | < 17(Exp)
300 |
200 |

100 |

Number of toner scattering

o

0 0.02 0.04 0.06 0.08 0.1
|Q/M| (M/A )*(uC - mglcm?)

Fig.4-13 Simulation and experimental results of relationship between the number of

toner scattering N and |Q/M|(M/A).
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4-7 £ £
4-7-1 QAERERBRIZBITZEEF Y ORERA =X A

Vial—va OV TERT Y DOREA D= AL EELRT L, BRT VAR
DBEBIRV I 2 b—ra rOfR LY. BT VITESLE L GRS HERFE TS
MF—RE@no M —D2RAL TRAETAZERHLNERST VD, 20D, ERFY
DIEERA T =X L% GNTT DT, SEEEREICRIT 585 N —EREMR o Zic
DNWTELETIHVNERD D, £ T, BE N —BHNOERSMEHE L, FF—hTIC
TERT 2 BRI OZIZ DN TRFTT 5,

B 4-14 Z W TEROFH B L OER MLl T 5, BROKMIY Ex. Ey. Ez 13,
x, v, zORHOMEEEL TS, LLFOFBPTIE, K 4-14 O X 512, FHREMEE R
D xz VIEIZEB T 5 Ex BELWE: O AR d, BEAMEIL, 5 MV/m~-5 MV/m Z7/R~5F
TS LTV D,

Photoconductor

Transfer Belt

Fig.4-14 Distribution of £xin xz-plane.
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IR N —IEHT 5720, BELT: N —137 A4 VEGJEDICRAT 5, 85 M —/g
B N F=TRAT S & (X 4-150)D X 5 IZEEE N —BOBEME TS Z E bbb,

HICHRBE X v v IR 2D & 85 M —J@DOEMIZ L D ER D EITHFFIICKE L
70, M 4-15()~@D X 912 Z= 250 u m DFE LY bERE M —jE LIck T 5 ADE
RBENKREL R, Bd N —00EE T4 VEGEIL~ORAMMBEL, BIZBER
KT 5,

R X v v TINIEN D EHITEET N —E oA 5 M3 EnT 58, — 5T,
LG N =@ a2 5 MR AR T 5D T, 5 N —BOEMENMETT 5,
IS, HE N —EEMCLIEBRMET L, M—RMENLY bFFERN D KRE
2 N T =7 720 BT M — OB LR R D,

PUbD X iz, ERFVIiE, B LIRS~V hOSEERRRICB T 2 IEEROK TIC
o T, G N —BEMIC L DERDHAICE R L, 85 M —E0 5 M —23 R
TLHZELICRoTHAET D, ZOXI RONBERIRICK T D M —RANTH AR TIIIAE
9, AERICL > TRE N —BOEMESHEML, N —BEWICL2ERNKEL
RO BEIRAET D, £, MO RAIT, BE N —EEMRIEFT D EE
K[k, N —EERE N —RBICRERT D A E S OS2 BIFRIC L o TR E B,
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‘ Transfer Belt
X (2)Z=35um

()Z= 500 u m

GO

(d)z= 750 x m

(e)Z= 1000 x m

Fig.4-15  Distribution of Ez in xzplane.
(M/A=1.49 mg/cm?2, O/M=-27.9 nClg)
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(b)Z=250 u m

(d)z= 750 x m

(€)Z= 1000 u m

Fig.4-16  Distribution of Ex in xzplane.
(M/A=1.49 mg/cm?2, O/M=-27.9 nClg)
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4-7-2 ERTFVIZHTIHEENRT A —FDE

OF, VIial—varytERTFIURETTNICHESHWTERT U RERL T A —
K DEBIZONTELRT D,

(1) bFr—ftEE

9. BRFUVRBRERICKHT D M —(EEOREBIIONWTELET H, O/M=-279uClg
T M/A= 1.49 mg/ecm? & M/A= 1.16 mg/cm?2 DIRE T —E D Ez 53Ai & X 4-17 12~ d, X
4-17(a), ML Z=35um TD Ez pAiz T3, RO X 9 Ez 1 M/A 2 X 6T 2 TIE
L%, B 4-170) D FRIR 4-17(@ D M —ERER L TEB Y | M/4 ORE 72§55 N
—BENEWZ ERDND, £z, M 4-17(). (d) £ Z= 1000 u m T Ez 534 & =308,
W D Ez 53 AT IZBEE 72 223V B X 4-17(D) D ST 4-17() D b F—J@ R & R~ 37 43,
WEOREEZ T 5 &, T4 VEBFRESTIEIER NS T4 CEHGJELE IR
L7 b =L MIADBRRKREVEDRELSRoTNDZ ENRbND,

ZDEHIT, N—HEENFUT, MEEDO R HEET N —BoyBhRiE % kg
HEBEEX Yy vy PR, M ORANEVIRETITBEOENKE L, ERSMIC
ERBDLN, BEX v v TNILL R0 M= RE N —EEICRA L% TR, 8
JEDZENNE L, BRSMICENENZ ERNDND, D0, WEOBIE, BRI
CEICRDETHRTIT—DRIALTNAZ LIZRDITD, ZHUE, 4T 1HTHRZ L)
W2, RSN N —RFE N LD b RER T =270 DL N —ORFADFA L7
KRDHN, FEINTERDSAAIZL > THRELIOT, MF—DRA L e Ko RIEDE
ROAAIE N T —RAGTOREIZESTRCICR DD EBEZ OGNS, AL M —0kL
THX, RARTE N TR L2 < R o 12885 N — 8 OB T3 D 22Tk T 5 72
O, A% OGN —BOREENRFERRE THX, RAFTOE M —EOBIEN
FE DFED MARZWVEERA b F— DR AN LN LI D,

N RIAE DT NS —JEOEENFRREIC 2 LBBIE, LT XHIcBEx bR,
WG N —EOBEIX N T — 2 RASELHELRNN M —RE LD b RER N —
Wi I EFTIRTFT 208, #EXT M —BOEMBEIKFTL0OT, M —HER
D3[E U E 3R OIRE M —BOEENFREIZ/R D EE 2D,
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Transfer Belt
L> X (a) M/A=1.49 mg/cm? : Z= 35 m

(b) M/A=1.16 mg/cm? : Z= 35y m

(d) M/4=1.16 mg/cm? : Z= 1000 u m

Fig.4-17  Distribution of £z in xzplane.
(O/M=-27.9uClg)

(2) MF—HEE

DX, HRTFURARICKHT S M —HEBOEBIZONWTELET S, M/A= 1.49
mg/cm?2 C O/M=-27.9 uClg & O/M=-16.7 nClg DHEE s —Jg D Ez 7347 % X 4-18 |2/~ T,
4-18(a), (W)L Z=385um TOD Ez 53Ai & /Rm T2, Ez [IIBMELCTIEL 725, X 4-18(b)D 5L
FRITX 4-18(@) D N F—ERZ R LTV A0, (EENFE o TGS M —goEEix
FUCIZ72%, 72, K 4-18(c). (DX Z= 1000y m TD Ez pAiz~T 05, O/M BRI W
IR Mg B OADOERBENKE ), X 4-18(d) D SHR T 4-18(c) D b — &I
RERLTEBY, OMBPRKEVIE) BERE - F—E DB,

ZDOXHIT, MHEENBFRLT, NM—EEORRHEET N —BoOoBRRRE A kT
L&, mmEEO M=ol R -G ORBRITELS . RAFHOBEDOERK
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SNV, AT — DR AENLL 25, MTERED M T —BOHN b —RA%OE
JEMELS 258 L, M F—FEENESWIEE. MR AL R RS M —EE N &
(RIS D EEPMRLS 2D -0 LB BND,

UEDX oz, PF—fEEL M —HEROHKRICLVEE N —EOEMENPKE
<% &, PF—IRARIOEE M —EoOIRE . M =R L D EEX N T —H
MEHED NS R TBBE T —EBORRK EDENKE | FHEHRERIZET 2 £ TIZ
ZL DM —IRFPBEL 25720, BERFVRERNPELIRLEEZLND,

‘ Transfer Belt
X (a) OM=-27.9nClg : Z=35um

(b) O/M=-16.7uClg : Z=35um

(d) o/M=-16.7nClg : Z= 1000 u m

Fig.4-18  Distribution of Ez in xzplane.
(M/A= 1.49 mg/cm?)
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(3) bF—ftEH

OFI, BERFIKT L T —(EFNOEBEHONTELET L, K419D X512, M
—BIAE 1 F, 3R E 72 b —Id. |O/MI(M/AY 23R U a o ERT U gAan b7, Bl
F U DFAET D |0/M(M/A? D FIRMENRKEL 5,

9. OM & M/A BRI UGS, FFRKRER NF—IgEEQTF UV REENDRVEBICD
WTHEZ D, BOLREEIRE~L N OSEERRICE T 2 FEBE X v v 7128\ T, 5
—BHNOFEXIIN F, L0 b RE 72 M —0 B ELICRIA L TF Y M —2FET 5,
O/M & M/A BRI UHA, FFARER M F—I2E, BE M —BNTHESKNINF LY b K
RT3 RO T, FHEEX v v S THRATHTY M —Fnbi, ZORET
HHFV M F—HENIITVRWEZZLND,

O, F, BREWVIFE, BRF YU ORAET B |0/M(M/AY O FIREAKE L 22 5HHI|C
DNTHEZD, BIRD L DI, O/M = M/A DHER EHIZERT VIRRAENEMT L8, ¥
W2 O/M 2 M/A DWW EIRICERT VREENHAD L, N2 RASIELHEXIN F,
K0/ 72D EERTF VITRAE LRV, FRREWGA, 85 N F—Eh 5 FF—07R
AT 2T R0 RERFHEINDBLEL 2D | ST L2EE M —BOEMENKE <A
HEZEZBID,

F: : Small

F:: Large

|Q/M|(M/A)?

Fig.4-19 Relationship between the number of toner scatterings N and |Q/M|(M/A)* for

different toner-toner adhesion F,.
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I I_:>
Glass Plate L=

Polycarbonate /
ITO Electrodes

Transfer Belt

I Metal Plate I

Development Sub-Unit  Transfer Media

(a) Development process

(b) Transfer process: Approaching

[ E——J—1

——
b

Vr

(c) Transfer process: Compressing

———

(c) Transfer process: Separating !

Vr

Fig.5-1 Schematic diagram of the experimental setup for transfer process of line image

between parallel plates.
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|

!

(a)

() () (d)
Fig.5-2 Photograph of hollow defects in line image.

AREBRTHEA LIz b —OFRiEZ2 % 5-112, SEM #ifgz X 5-3 (Z7~3, M —A»nb b
FT—E TR FREZMRFITEEL TBY, b F—F & M —GIZZEhEN T —A L M)
—B ORKIFTH D, HME RAT, KT ORMR L L2 s 75X (6-2) & W THH
SNDHET, MOEGAEIZ 1 T, BRPEHEICR DI ERERMEICR D, HAME L EH&E
& S 1. SEM Eifg)> 5l EtH Y 7 s (Media Cybernetics # Image-Pro Plus) % iV C&tf
W U7z, F7o. Foeld b — LEOUIAKM OIEFREN BT, 5 2 B TR~ O EEHEIC &
D RE Lz,

(5-2)
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Table 5-1 Properties of toner

Toner ]?i‘;(:flz%; Roundness Fre [nN]
[pm] R.
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

(Toner D) (Toner E)

Fig.5-3 SEM image of toner samples for model experiment.
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5-3 HiIRIT EEBEE T A —Z D EER &R
5-3-1 WiRi; LE&EBEEHDOB%R
BANS, BREE T VEREEZ AT, FHRITICHT 2BEE N OEIZ OV TR L

77 FEBRFM AT 5-2 18T,

Table 5-2  Experimental conditions

Electric potential of image area V; -100 [V]
Electric potential of non-image area Vp -320 [V]
Electric potential of transfer Vr 350 [V]
Amount of toner M/A4 0.6 [mg/cm?]

FF—AS T —EIZ W THHIT EAEE & 885 E ) OBREZIIE LR 2 X 5-4 12
R, RREHOEI X, BEPUEOEIR S EREARE O E T A VBB ERE TEH S ETH D, X
54 DX HIT, ED M —IZOWTHEREE ) ORK &I ITmERIIHEM L Tk,
T TSR O E KA BIBRIC R > TWD Z ENbnd, 20k oz, #EE
JEINZ K- T M F—E0ER INZIGE PRI BB E L, BEENREVIZ EFHKIT A
BALTHZ L EET NVERTHRT HZ ENTE7, InadaGdbix, BEENNE W E
HRTOZ o 7RHMENMELS 7B Z 2R L TEY, RETAVEBROFER ERHE LTS,

0.25

0.2 |

015 |

01 |

Hollow defect rate

0 1 ’ 1

0.0E+0 1.0E+6 2.0E+6 3.0E+6
Pressure of transfer nip (N/m?)

Fig.5-4 Relationship between the hollow defect rate and the pressure of transfer nip.
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FHERRE W b —IF EHFURE K, O E MKFEERRENZ Db D, DED, B
MENRKEN N —TIEENRREVIZEPRITDELT 528, BEFEN/NS D R —
TIHMEDBREL THHHET LIZ W,

UED X o2, THRIFICHT L5 T —oRR 4B OBR G kT oMbl ~F-
—ROEEAL, N T —DIERME LR G E 72D 2 L #HA BN LT,

1.0E-07

8.0E-08 |- o

[=2]

o

m
1

o

(=]
Ll

4.0E-08 |

g

o

m
1

S

®
Ll

rate and pressure (m?/N)

°
0.0E+00 . .

1 1.2 1.4 1.6
Roundness of toner particles

Slope between hollow defect

Fig.5-5 Slope between the hollow defect rate and the pressure of transfer nip, Kj,

plotted against the roundness of toner particles.
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HoE HRITBRZOMNT

R: Fne (NN) e
©® 1.524 68.87
® 1.524 13.49
¢ 1.207 77.64
¢ 1.207 11.12

0.0E+0

1.0E+6

2.0E+6

3.0E+6

Pressure of transfer nip (N/m?)
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