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A Method for Measuring Adhesion Force Acting on a Toner Particle
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This paper describes a new method for measuring the adhesion force of a spherical toner particle onto
a metal plate. Forces which act on this particle put on the inner surface of the parallel electrodes
connected to the power supply consist of the adhesion, gravity and Coulomb forces, respectively.
Furthermore, the component of the adhesion force consist of the image force and the non-electrostatic
one. By the movement of the spherical toner particle under these conditions, the adhesion force is
calculated by the formula of 2gd (V,-V,), where V;, V,, d and g are the voltage applied across parallel
(upper and lower) electrodes in the case that the toner particle put on the lower electrode 1s lifted toward
the upper one, the voltage in the case that the toner particle gets back again to lower one, air gap distance
between two electrodes and acceleration of gravity, respectively. By this method, the adhesion force
distribution of the spherical toner particles can be measured easily and precisely.

L FZNE

FOINEER, v —HFE—AT7) I BT 5E
EEH, HES UL - RFOEHEHERIIC L OE
W22 LI L VRO TH . —fiti, SEEL
EFEE b 5B L N R TI BERR G 2 3

L7 7 Y FNT— VRS, KEWEH S ERR ORESN

., 77 v TNT =R, KEMESRE OFEFELH
HBEHIBEFEEORK /0L ACBRTREFELLLD
Tk, bF—RTOEEEREHET 255 W,
DINETEBRFNEZFIRE, BREEELELT S
EFEERG 0L AB L UHEESICEWT b —BEH
RERITE 21 B—DDNRFA—FTHD, Tixbb, B
HEfol: b F—2BBA Y — 75 OPC BotiE~, %

F—O—R DG, B —aTF, EITOH
¥, B, 77 v TNVT—VAS]
* vy — TSR AL IR AR ST SERT (632-8567
RIRTHEAET 2163 FHhoD 1)
Liquid Crystal Display Laboratories, Liquid Crystal
Display Development Group Sharp Corporation, 2613-1,
Ichinomoto-cho, Tenri 632-8567, Japan
*EHRE TR BRTER (910-8507 FRHHISIR 3-
©9-1)
Department of Information Science, Faculty of Engineer-
ing, Fukui University, 3-9-1, Bunkyo, Fukui 910-8507,
Japan
! yamamoto-y@cmn3.tnr.sharp.co.jp

7z OPC FMRIC IR S Nz N F — (% UK I BT
TBEE, M F—REET 2 MO OBENER LB
GRWEERNC b — @ BRPSRT S 70—V K
BRLTWw2, ZOXk>bF—EBL 7u—HUADN
BT RCIERER N — OB R T 28R L5, Uieh
5T, ERMERIZHRET T 2FBE LT, BELIERHE
S EHHFHMICE 2 FEROMAEVE I N TS, Kl
B EERENOLDOFERRET I LY, ETEER
BfiD & &% B id b 7 —hF ORE S OHIEIHAA]
RTH5,
SETHF—RTOMENOREIZL bICEE &
BOEY EHWTIThbRTWA, X1 &5 3X0
Ret#FALT N —OREETI HETHY, 2) BEh
F—DORMEBRTHRAIL, 3) & 4) BEMEEHZICE
DO ETo Twa, KX TR FIEEES
ERTCRRERLABHORERE b, v
—RTFOBSEFEGTES ZBHLYT VLS CHREMN
27 DThD, KX THAIATEIOREICIE, Xk
7, 8) WBWTEMN M F—RTFOHFERELEEDH
(g/m) OF—% ZHAV, ZOFMXIFERE b+ —KTFO
RBEHOHF L OHEFHEEE LD bDTH 5.
BEENCIE, N F—OBREEFHT 2 BN THRREL
ERTEENAEY THFELHIERE ZREAWTHE L2



142 (42) H

H

EXRF AR BB 23k

rF—OBERRE GHIME) 2b L, [FEHE (D) K
53R, FBELNE T 7 VTN —VANEEREE L Z
he 3) A E2HWTHEHL, ZOBREFEY OFKE
B UIZIE—L T3, 20 & 3 Il EEICIT 2
L2EME, V=YY UIRT VY NEEROEERYE
KBOT M F—E e HE o R, ZLTEE 0L X
DOFIFREF N TFRCEZ 2B FER e LCHETE 3,

2. NF—HFLCEABEHOIERE

1(a) WiRnd &2, 2HROFTERERED TEH AL
By 2EMER EICHBELLREO N —RTF L EEES,
CO M —RTEBABENEET 22 L 2FEZ 5.
1@ O, BEBMCEEREESHME LTS,
ZDEE, M F—RITIIETEEmADOFET] (adhesion
force), BRI L3 70— B L CEIMERET 29,

() TEEMBADNES f 13 HS) (image force) f;
E7 7TV —)VAJ] (van der Waals force) f,, =0

@
) |
B
A
I A positively charged —t—
d ' toner particle _
. ; Vi
| ] A
f +
: oy
! A
(®)
](;) 4
+
Te -
Ve A positively charged —
d Y toner particle —
{ —
I Vv,
[ 1A
77777

B | SHTERER LcBond: b —RF

(a) BB A ORENET 2IEHRENF—, (b) &

B OREICTET 2 &HE N —,

Fig. | A toner particle placed on the inner surface
between two parallel electrodes.

(a) A positively charged toner particle adhered on the

surface of the electrode A. (b) A positively charged toner

particle adhered on the surface of the electrode B.
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Fig. 2 Model for an uniformly charged toner particle.
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Fig. 3 Configuration of the measurement system.
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Fig. 4 An example of the distribution of the circular rate
for toner particles.
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Fig. 5 An example of the measurement of the adhesive
force as a function of the radius of the toner
particle.
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Table 1 Relationship between the radius of toner parti-
cles and van der Waals force.

Radius of the toner

particle (gm) 3 4 3 6 7

Van der  Z=6 106 142 177 2.12 248

Waals  (nm)

force Z=12

(nN) (nm) 0.27 0.35 044 0.53 0.62
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Fig. 6 An example of the calculation of the image force
as a function of the radius of the toner particle.
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