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charging in the toner concentration dependence of toner
Abstract charge-to-mass ratio, g/m.

Several models of tribo-charging of two-component  As shown in Fig. 1-(a), the decrease of toner charge-to-
developers have been proposed to explain the tribo-chargimgass ratio, g/m with toner concentration was discussed by
mechanism. Some of these models do not clearly explain athany researchers and each had been explained by the
tribo-charging phenomena, e.g., the toner g/m igroposed tribo-charging models. However, the experimental
independent on toner concentration. Recently, we presentégsults that toner charge-to-mass ratio, g/m don't depend on
a new model to describe the tribo-electric chargingg toner concentration don't discussed actively.
characteristics of two-component developers. According to

a new model, the dependence of tribo-electric charging 60— . . . : .
characteristics on toner concentration is governed by the O JHAndersont
relative difference of charging site numbers between toners sor O L.B.Schein’
and carriers. Our model can clearly explain the tribo- v _Nash®
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charging phenomenon of two-component developers. We
will compare and evaluate the various tribo-charging models
for two-component developer with experimental results.
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Toner charge/mass, g/m (uC/g)

The toner tribo-charge due to the contact of toner and

carrier, is one of the most important characteristics which o — L . . " . .
decide image quality in electrophotography. The tribo- Toner concentration, C, (Wi%)
charging behavior has been a long standing challenge. o '
However, the tribo-charging phenomenon can't do sufficient (a) Decreased g/m with increasing C
theoretical evaluation yet.

In this report, we will compare and evaluate with some 50 ; ; ; ; ;
propo_sed models of.tnbo—cha.rgmg to define the physical A veregin®
meaning of the tribo-charging phenomenon of two- wl —an a4 v Oguchi
component developer from the experimental results of the 3 N a4 O Guay
toner concentration, @ependence of toner charge-to-mass £ A < o
ratio, g/m. EST

g S
Experimental Results of Toner RS
Tribo-Charging L v S v v
S 10 R B

First of all, the experimental results of tribo-charging of S
two-component developer which the toner g/m decreases " . ) ) ) ) )
with increasing toner concentration have been abundantly 0 1 2 3 4 5 6
reported:®*® The typical experimental results of the toner Toner concentration, C; (wi%)

concentration dependence of toner charge-to-mass ratio, g/m
is shown in Fig.1-(a). However, as shown in Fig. 1-(b), the
experimental results that toner charge-to-mass ratio, g/fnigure 1. Dependence of toner charge-to-mass ratio, g/m, on toner
don't depend on a toner concentration have been reporté@ncentration, € (a) Decreased g/m with increasing, (b)

too. It should be exist that the two phenomena of triboConstant g/m with increasing C

(b) Constant g/m with increasing C
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The results that the toner concentration dependence af Electric Field Model (Gaussian Model)
toner charge-to-mass ratio, g/m was measured is shown in  Kondo’ proposed that the model which Gauss theorem
Fig. 2. The developers are made by combination of same@as used as led by the supposition of having the mean
minus toner and ferrite carrier and iron carrier, respectivelyelectric field E of the contact part of toner and carrier is
When ferrite carrier was used, as shown in Fig. 2, it doesrfixed. The saturation tribo-charge (q) of two-component
have the toner concentration dependence of toner charge-tteveloper was shown in the toner concentratiomar@ a
mass ratio, g/m. On the other hand, when iron carrier ifoner radius (f and a carrier radius Jrin which electric
used, the tribo-charge characteristics that the toner chargkeld of the contact part is electric field by one toner add
to-mass ratio, g/m decrease monotonously with increasinglectric field by one carrier.
toner concentration is being shown in Fig. 2. It means that a
tribo-charge characteristics is changed by the characteristics a_ _ 6soBk (€]
of carrier, even if same toner is used. Theoretical evaluation m  piry + pcfcCy
becomes necessary toward the physical meaning of the . . .
tribo-charging phenomenon for two-component developef/N€re . andp, are specific gravity of toner and carrier,
that toner charge-to-mass ratio, g/m don't depend on a tonGSPeCtively, an, is dielectric constant in free space.
concentration. We will compare and evaluate the variou hen the number of the toner particles is @ toner

e : ) - concentration ds shown with C=n (p/p,) (r,/r)".
g;?ooer?rmaerr?tlgﬂensqs;zse 's for two-component developer with On the other hand, Kuritaapplied the Gauss theorem,

too and changed the toner concentration of Kondo's model

70 - - - - - in the toner adhesion quantity per the carrier area, and

ol ® uncoated ferrite carrier | | simplified toner saturation tribo-charge as a function of the
O uncoated iron carrier toner surface area ratio. 9t can get a equation from

50 - at same minus toner | ] concept as the total of the electric field which appears from

the surface of the all toners particle equal to the total of the
electric field which goes into the surface of all the particles
. of carrier. It could get the Eq. (2) that the toner saturation
tribo-charge from a toner concentration or relations with the
toner diameter to the relations with the surface area ratio.
The coefficient of Eq. (2) becomes half of the Eq. (1).
Because the toner tribo-charge is same to total g in system,
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T

Toner charge/mass, g/m (uC/g)
= =

% 1 2 3 . : p whereas toner tribo-charge of Kondo's model is same to half
Toner concentration, C; (wt%) of total g in system.
- ) q 3eyEk @)
igure 2. Dependence of toner charge-to-mass ratio, g/m, on toner S ——
concentration, ¢ by combination of same minus toner and m Pt + PcrcCt

uncoated ferrite carrier and uncoated iron carrier.

Table 1 Classification of Proposed Tribo-Charge Model

Comparison of Tribo-Charging Models Equations

The reports due to three approach have been done a$ dkondo model q 6¢, Ex
way that the toner concentration dependence of toner =
charge-to-mass ratio, g/m is analyzed. | m Pl +PclcCt

1) Electric field model: It is the model to suppose to
become a certain saturation value which a balance of contact
electric field is settled in property of the contact surface i
the tribo-charge of toner and carri&t.

2) Surface state model: It is the model that tribo
charging of toner and carrier was explained by exchange [L.H. Lee model
charge until the their work functions are equilibratéd. Pl PUIC

3) Kinetic model: It is the model to explain from being N TN c
deciding the charged site humber on developer surface. THe
charge exchange by a balance of the charge and dischargeg
depends on the energy which exists in developer’s surfage. |Anderson modél |9 —Bey 4

g
e —_ =
The energy is contributed to the relative difference of the m
i d rtpt[JLHJ*Ctr(‘PCJL
y

: 3¢, E
Kurita mode! q _ _ 3&Ek
m - pify + pcfeCy

34¢e

3 |e

number of sites which tribo-charging sites by donor an +1

acceptor change with toner charge-to mass ratio, g/m | Nee’d Nee’d

toner concentratiott.
We compare and evaluate the these models for two-

component developer with the experimental results as And, the model equation of Table 1-I classified with
follows. electric field model group which contact electric fieldale
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fixed, indicates that the toner g/m decreases with increasing L. H. Lee and Anderson didn't discuss that the relative
toner concentration. The relations of m/q andb€ome difference of Nand N. At the low-density limit case, we
straight lines, and shows the toner concentration dependencgéd Anderson model expansion in consideration of the
of toner g/m proposed by many reports (Fig. 1-(a))relative difference of the surface states densifgnd N.
However, the experimental results like Fig. 1-(b) which When the surface condition is3N, Eq. (6) becomes
doesn't have the toner concentration dependence of tongég. (7).

charge-to-mass ratio, g/m can't be explained with electric 5

field model. q _ —3Age™N; —e2A¢l

m r
2. Surface State Model (Charge Exchange Model) ALt ()

The concept of the surface state model is that charged |t is expressed that toner charge-to-mass ratio, g/m don't
state density by tribo-charging of the contact part by thgnhow a toner concentration dependence. The results in Fig.
difference in both work functions. 1-(b) can be explained by Eq. (7)

5 . . .

L.H.Lee prqposed th_e model that toner tribo-charge  \nhen the surface condition is&N, Eq. (6) becomes

occur by the difference in the work function due to theEq_ (8). This equation can be Cexplained that the toner

electron transfer. concentration dependence of toner g/m proposed by many

q 3A ge ®) reports such as the results of Fig. 1-(a). Therefore, the
m _ p.r. p.r.C, derived Eg. (7) and Eg. (8) from the charge exchange model
N N c group in consideration of the relative difference pahd N

could explain completely the experimental results on Fig. 1
and Fig 2. It is strongly suggested that each tribo-charging

and carrier, ane is electr(_)mc charge_, and, Iﬂnd_ N are sites number of toner and carrier are related in the toner
each surface states density (per unit area, unit energy) &oncentration dependence of toner charge-to-mass ratio,

toner and carrier, respectively. As for the difference fromq/m
electric field model, toner g/m depends on a work function®

whereA¢ is a difference in the work function between toner

difference A¢ in the appearance of toner and carrier, and q_ —3A¢e2NC '_92A¢Ei (8)
surface states density N. However, this model can't explain m . Ng . me G
the experimental results as shown in Fig. 1-(b), either. f'trtN*t“Lf'chCt

In Anderson model, two limits, i.e., low-density limit
and high-density limit exist by the difference in the surface
states density N and these are independent relationship. It1s
usually assumed that representshe distance over which
electron tunneling can occur. Therefore, it can be shown b

Kinetic Model (Dynamic Model)

A time dependence of sites nhumber that tribo-charge is
gossible was taken into consideration by the charge
xchange which depended on the surface of toner and

Ea. (4). carrier, and it was tried to look for the toner concentration
-3, Ap dependence of toner charge-to-mass ratio, g/m. Because

tribo-charge is done by stirring, tribo-charging of toner and
m d ftpt{ : +1}+qu/)0 a4 carrier is dynamic process. Th_e tribo-charge depends on a
Ne?d Nee?d balance of the charge and discharge, and the toner and

@ carrier charged sites go to equilibrium by exchanging their
At high-density limit ¢/ (N&€d) <<1 ande/ (N&d) charges each other. At a certain toner concentration, let N
<<1), Eq. (4) is changed to Eq. (5). Eq. (5) corresponds t8nd N denote the maximum number of charging sites of

electric field model. toner and carrier in total system, respectively, and‘land
n denote the number of tribo-charged sites of toner and
9__ -3A carrier, respectively and=m. Based on this model, it can
m  {d(rp +r.p.C)} 5)  be shown by Eq. (9). Eq. (10) is given by Eq. (9) after an

o ) equilibrium condition.
However, at low-density limits(/ (Neg'd) >> 1 ande/

2 H +
(Nd) >> 1), Eq. (4) is changed to Eq. (6). dn _ a(Nc B n‘)( N, - n+)—ﬂn+
a3 dt ©)
m Al peeG 2N N
Nt NC n+ — c'Vt
_ _ ©) (NC+ N +4(Ne - Nt)zj
From Eq. (3) and Eq. (4), it only explains that toner g/m (10)

decreases with increasing toner concentration such as th?1 . lated charai . lated
results of Fig. 1-(a). In other words, Eq. (3) and Eq. (4) ard/nere ois related charging constant arfilis relate
made a reciprocal equation like mgC, and the equation discharge constant. Supposing that it is in proportion to the
shows the linear relationship between toner g/m and toné}umber of effective surface charged sites between toner and

concentration. However, the case of the toner concentratidf11er Under an /equiflit;]rium clondition,b as for the toner
independence of toner g/m (Fig. 1-(b)) can't be explained. charge-to-mass, g/m of the total system becomes Eg. (11).
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fixed, the decrease of g/m means thatdecreases with
increasing k. However, as the ig constant case (fixed
1) value), q increase with increasing k, in other words, toner
concentration dependence of toner, g/m may not be shown.
It is shown that tribo-charge is controlled by theThen, we should discuss toner concentration dependence of
difference in the number of charging sites that tribo-chargéoner charge-to-mass ratio, g/m from the concept of the
of toner and carrier is possible, and relationship betweerelative difference of the effective charging sites numher N
toner charge-to-mass ratio, g/m and toner concentration cax toner side and Nof the carrier side in the closed system,
get it by the relative difference of Nt and. N based on Eq. (14). The physical meaning of results of Fig.1
When the surface condition of the developer js<NN, and Fig. 2 could be clearly explain.
Eq. (11) becomes Eq. (12).

a.en 1
m m C

q _en _ 2N N.e

m m _m-(NC+Nt+ (NC—Nt)zj

Conclusions

(12) Our tribo-charge model was compared with some
models for tribo-charging proposed about the tribo-charging

where, mis mass of one carrier particle andsinumber of  mechanism of two-component developer. It is understood
tribo-charged sites on one carrier particle. From the Eghat many tribo-charge models and experimental results can
(12), the toner charge-to-mass ratio, g/m decreases as tomgf explained with our tribo-charging model. Our model can
concentration increases such as shown in Fig. 1-(a). explain for the tribo-charging phenomenon which doesn't
On the other hand, when the surface condition of thélepend on the toner concentration of toner charge-to-mass
developer is N> N, Eq. (11) becomes Eq. (13). ratio, g/m, too. The charging sites are donor and acceptor
q _en which depends on the energy which exists in the surface of

—oc 5 the toner and carrier. The dependence of triboelectric

m m (13)  charging characteristics on toner concentration is governed

. . by the relative difference of number of charging sites in
where, mis mass of one toner particle andsnnumber of \yhich energy included. The relative difference of toner and

tribo-charging sites on one toner particle. It doesn't have the, ey effective charging sites is very useful concept for the
toner concentration dependence of toner charge-to-mag

halysis of microscopic behavior of two component
ratio, g/m so that Eq. (13) may show it with Fig. 1-(b), andsystgms. P P
constant value is shown. . A tribo-charging phenomenon can be explained with
Therefore, when Eq. (8) from the electronic exchangq$
Y

. . ur model for two-component developer in closed system
model compares with Eq. (12) and, in the same way, EQ. ({fmited surface area). Therefore, it is important that the
compares with Eq. (13), because a difference is only t

ibo-charging characteristics of two-component developer
way of taking N N, or n, n, after all, it is explained that Eq. ging b i

X . . an be evaluated by measuring the toner concentration
(11) by the dynamic model gives it the same results o

- ‘dependence of toner charge-to-mass ratio, g/m.
Anderson model. However, the difference between dynamic P g d

model and Anderson model is that the surface condition of
N>N, N, = N, N<N, are taken into consideration in the

dynamic model in Eq. (11) though the surface condition of
N_>>N, and N<<N, are taken into consideration in Anderson
model. All of the experimental results (Fig. 1 and Fig. 2) are,
could be clearly explained. '

= constant
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