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Analysis of Tribo-Charging between Toner and Carrier Particle

Hiroaki MAsuDpA*, Takayuki ITAKURA®** and Kazuhiro YUBUTA*
(Received April 13, 1996)

The contact potential difference (CPD) against Au (reference material) was measured directly for model
toner and carrier particles. Furthermore, tribo-charging characteristics in mixing between these particles
have been analyzed quantitatively by the measured CPD-values and two different time-constants for
charging g and charge relaxation tr. As a result, it was found that specific charge of model toner Q took the
maximum value O max at certain mixing time and then it showed a tendency to decrease gradually. Besides,
the time until to reach O max became longer with increasing the fraction of added guest particles. The
experimentally obtained charging-curve between model toner and carrier particles was well explained by a
new charging model which considered contact frequency between particles. It was also found that the
stability of toner-particle charging depended on tr. On the other hand, the relationship between tg and the
fluidity of model toner was found to be almost linear, and therefore, the charging-curve could be
controlled through the evaluation of the time constant tr and toner fluidity. The maximum specific charge
'O max was directly proportional to the CPD-values against carrier particles. This fact suggests that O max of

toner can be controlled by changing CPD-values between toner and carrier.
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Table1 Characteristics of model toner.

No. Mass fraction of  Specific dielectric Specific

added guest constant, € [-]  resistance, p [Qm]
particles, R[-]

@ o 1.786 1.09x101°

(2) 0.025 1.643 1.11x101

3 005 1.690 1.15x1013

@ 010 1.548 1.17x10%3

(5) 015 1.607 1.16x10%°

(6) 020 1.732 1.20x1013
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Fig.2 SEM photographs of sample powders (model toner).

K& (a) Before mechanical treatment (R = 0.05), (b) After mechanical treatment

Fig.l Experimental apparatus for mechan-
ical treatment of powder.

(R = 0.05), (c)Before mechanical treatment (R = 0.15), (d) After mechan-
ical treatment (R = 0.15).
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Fig.3 CPD measuring system.




b F = F v ) TRFOBEREOHN (H - A - 5%) 25

—DOWENQ (pC/e] DREBEAEHA4ITRT. §XTCHT
T M-, — R EER A R Omax [nC/g] 1ZE L,
FO%, BYT BEEAL DB, £77, OmaxpnClel ZEET
5 ECORMIE, A MRFHERMER-IVREVEIE
WZ Edbhs, BB, HPOERIEHBISER2EERT
H5b.

WE, M=t F v TRFIEEWICEM - SRRy
REZELICLDHEL, o ORTOREREICTT S
BHRMEORIRIZED T/hIVWI L LY, HTOEHE
DRMABSERTE S LIUET 2. ZOLE, vV 7
RTEEMLTWAE M —RT 1EOHEZ DATICERE L
ENER MR OBE LFAKRICEZ 2 EXABONS
(Appendix Z8)

Q_. © . (3)

d T Tg
72770, olclidE b —NTORER, V[VIIiZ I —HTF
EXR X THTFOBEMEBEMETH L. F72, k[FlIT M-
HFEFv ) THFHOBREENREERTH L RO L
%D,

nEQDPZ
_—— 4
2 @)

ZIT, Dplmlid b F =R FEE, zo[m]iZEMEED b
—HF L F ) THRTFOSMHEMT4 mBEL IR T
39,

—F, sl EHEBREHTHY, KOOI HIhb.

2,
:%%%L )

22T, S[m?]IXEAEAE, fsT bR T EF Y
VT RF OBEMIERE, Ac[s]ITIRANEGH, oo [s]iZ 1EDHE
il B 2 BWBHOES & Ry HEERTH 2.

—%, WEEWORMLFEFIIRISLTAHE, M-
FF OB IERRUIAE - TIRFET 2 FEEED) .

k

g

Q__Q
R (6)
ZIT, [ IR TRENDFNRELTH 5 1,
Tr = €ap @
B, 6) &Y, F—RTORFERBIIRATEINS.
g _kVe (1 1
P (tgﬂ,)Q ®
FREFESTAHE, REAPBELNS,
Q= kVe [1—exp{—(—1+l—)t}] ©)
1+F% R
Tr

X O ERFHOZRE & DICHEEVEMISET ST
HHOIH L, HAIR U ERER T — 2R RS R
RARMEIZENEL 2RI, AL T A2EIANSHS. Th
F, RO TEF v 7HFE -2 - R

ZHRVBELZPONETAREERELTBY, BMEE
FIsUOBILEZEE L TW WD THH. ERITIEHE
L7z b+ —3F v THTFORDICELAICAELTHLD
T, BRLREMBITON R D, £2C, 2B BEH
D EBEEQ [uC/g] WRAMIZET 5 F T (#EH) &,
Z LR (GRS ORISR S A, BB IEE TV b
T X ) TRFOEEMERE (s TR S HERARY
W CH Y, FEIEY v ) TRTFORYIZTFY
FF—DEEIAE LLREBCH Y, £ COBEMIERES
[sTNEFEETH, &b, HKICBTS [sTNHEERICE
BAELT 21T CH B, I TIRHFEHRERE L
TRYHo7z. & &, HHIICBIT B HEMBULIRD
R (A0)TEIN, FHNTRF=01C Lo TR G) D 1ls]AF
WRRIZ ), BHOFERR 20T, HEMRER
FTRIEBR AN E 5.

onl el 52} oo
Q==anexp(—§}) (11)

IITC, BAEERG(s]E, Bl LET [l
plom] DWEMERZ X (NITRATEZ LIZL o TRD T,

M4z, @10), 1) OFIERKERT. ZhEXD, £
Fh M F—bF v ) TRT L OBMEE L BB AN
BEFVRE, YA PRFRIMER[-1IZ00b 6T EER
MREBLSHT2Z bl F72, 4O AMH
DBOWBEOWMY, T42bLFEOREE X« [s] KT
THI bbb,

RIZ, WEEH[s] & 1 [s]ICBT A2 MF T 1T o072, <,ls]
BHAURLZZHEONEL B O EHS, A0 BT
5+ 1) THDHI L LDHELTRDA, K512, B
EWw[s] B L Vtgls] & RI-1DBBRERT. R[-1DZELIC

30 ¢

5L — Eq.(10)+Eq.(11)

Specific charge of toner, Q (uC/g)

20 H R=0

[{D \D\D R=0.025
Lcicnos
R=0.10

15

10

R: Do Y 0.10
A0.025 O 015
005 O 0.20

1 1 1 1 1 " 1 n i

0 1 L
0 1000 2000 3000 4000 5060 6000
Elapsed time of operation, t (s)
B4 E7)V b —ORERORREN
Fig4 Change of specific charge of model toner with
elapsed time of operation,
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Fig.5 Time constants as a function of the mass fraction
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