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Abstract distribution (frequency of particles with a gived andd)
of the toner in the developer can be obtained.

In this work we extend the Gutman and Hartmann By “tagging” the dispensed or added toner, one can
triboelectric charging model for two-component developersnonitor the charging of this toner as well as the charge on
to include the case of uncharged toner added to a chargdte incumbent toner particles. Gutman and Hollenbaugh
developer (toner and carrier are charged). In the previodsave discussed the staining of toner particles with a
work, we examined the toner charging process whefluorescent dye as a method of tagging toner particles. An
uncharged toner is mixed with uncharged carrier to form alternate method is to use different color toners. In this
developer. Now we examine the toner charging processork, we will use two different color toners to monitor the
when uncharged toner is mixed into a charged developer —charging of toner added to a charged developer. Our results
process we call toner admix. We will develop a model andre for bench admix measurements in which a toner and
compare it to experimental results. A toner chargearrier are charged by mixing on a roll mill; then, fresh
spectrograph is used to measure the change in charge of theer is added to this charged developer and followed by
incumbent toner as well as the charge of the freshly addefijrther mixing on the roll mill. The start of the admix test,
uncharged toner. t=0, is when the toner is added to the charged developer.

We have found this stress test is similar to a machine stress
Introduction test in which the toner is continuously dispensed into the
developer for a fixed period of tirfhe

Models of the triboelectric charging of two-component In the next section we develop a model for the charging
developers usually describe the charge on the toner particle§ fresh toner added to a charged developer. In subsequent
after they have been mixed with carrier to form a chargedections we describe the bench admix tests and results.
developer. However, in a copier or printer, toner is Finally, we compare the model and the charge spectrograph
dispensed or added into a charged developer. The newtgsults.
dispensed (or added) toner must gain charge from the
charged carrier in the presence of the incumbent charged Admix Model
toner. Due to an appreciable interfacial electric fjelde
boundary conditions for this charging process are not the From previous work of Gutman and Hartmahrthe
same as the initial charging of the uncharged toner mixetime rate of change in the charge on the carrier beads is
with uncharged carrier beads.

We have shown that toner particles in non-image areasdQ S & PP go(ﬂi —Hj )aijk EalA. ()
(or background) on copies or prints are a result of |0WE—ZZZ i ed —&Rapa,
charge and wrong sign toners in the two-component

developer. A possible source of the low charge and wrongwhereQ is the carrier bead chargjs the surface coverage
sign toners is the slow charging of the freshly dispensegf a constituent material; is the chemical potential of the
toner into the developer. The charging of the freshly addeghaterial,a is the actual or geometrical area of contelcts
toner in the developer can be monitored with a toner charggie |ocation of the charge from the surfad®,is the
spectrograph o interfacial electric fieldy is the contact frequency, andis

In the toner charge spectrograph used in this work, thghe joint density of states. Anticipating toner charge
toner particles are carried in a moving column of airmeasurements using the charge spectrograph, the time rate

through an electric field perpendicular to the direction Ofof Change of the Charge’ g, on the toner partic|es is
airflow. The toner particles are displaced along the direction

of the electric field and collected on a filter paper at the dq . a.g,JA

bottom of the spectrograph tube. Measurement of the a:q:%(q)t _(Dc)"'(goaVA)E (2)
displacement of each toner particle from the point of zero s

charge determines the charge-to-diameter rajid);(the |\ hare we have useb=2Pu and Q=-ng.

size @=2r) of the each toner particle can be also be  pfar integrating Eq. 2 and using the boundary

measured. From these measurements, the charggngitions that g=0 at t=0, one obtains the average charge

i k=l j S
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on a toner particle as a function of time. One can divide byor the incumbent toner charge:
the toner mass, m, to obtain the tribo value, g/m, measured km(cpiftbc)[l e«.(l%ojm]

in the total blow-off technique; or, dividing by the toner % v= k[l G\ (42)
diameter, d, one obtains the average g/d measured by the ™ c
charge spectrograph technique. c) k kG (12
gq. fis qugthe F:;eneral; ?t can be applied to the case of kmca(q’"q’a)[k(“é)‘é] ku(”%)ce N Lce b2
admix by recognizing that the sum over the toner particles G\ kC 1+ k.C C,
now includes two toner populations, the incumbent toner (k“(“*jcj[cjj Eik“(br?)c
population with nparticles and charge,, gand the added o e,
toner population with nparticles and with charge,.drhe +q, %{%e%(%jc‘+%ezj
start of the admix experiment, t=0, is when the fresh toner is
added into the charged developer. Also, there is nQ o ddedt harae:
restriction on the composition of the added tonerdig,, or fhe added fonet charge:
does not have to be the samelgs, ., Usually, in copiers g (y_Kn(®==Pc) [1,e’“[1%]°‘1
and printers the incumbent and added toners are the same; ku[“&)c (4b)
but in the model they are not required to be the same. For an ¢
admix experiment Eq. 2 becomes kmq(q,a,q)‘)(K(H%],%j k(u%]cé%‘ ] %cefku(r%]a
+ 11+ 2
-ng - M(q)c —®,)+n(saA)E = (k“(“% C}f'ﬂ kcszc_k“(“%jc
ed, . .
n.avA © g ¢ ﬁ(e’k“[“%ja eg]
Vi i Yo - b
a.a+%(®c _q)a)_na(gOaVA)E E

S

In the admix experiment, another toner chargewhere C=nm/M and k k, and k are constants which are
exchange mechanism may be operative, namely, toneombinations of the factors in Eq. 3. The g/m or g/d can be
charge sharing. This mechanism has been discussed bktained by dividing by either m or d. These quantities are
Julien et &l When there are regions of local conductivity onincorporated in the constant.kAs in the earlier work, for
the toner surface, the added toner gains charge from ttedther the incumbent or added toner, the parameter A
incumbent toner, not by triboelectric charge exchange, but,
by the incumbent toner sharing its charge as might happen if I‘m(‘bi(a) B CDC)

an uncharged metallic sphere is touched to another charged Ao = K ®)
metallic sphere. The charge exchange process is such as to u

bring the two metallic spheres to equipotentials. In the toner

case, the assumption is that there are localized conductive Experiment

regions on the toner surfaces, which if contacted together

exchange charge to bring the regions to equipotehtlals We used commercially available toners in these

our model this mechanism is included by a term of the formexperiments. Two toners, which were the same size and had
the same external additives but slightly different charging
goa‘/s(q - q) 0 properties due to the pigments, were selected; to further

; e o
whereS is the strength of the interaction, and, due to the.;mcentuate the triboelectric dn‘ferenc_:es, 0.5% carbon black
as blended onto the lower-charging-toner to lower the

local conductive regions many contacts are required tQ.

distribute the charge. Charge sharing occurs as long as th F%?]?Jt\ézluﬁ_sﬁethfar?ilgrd\;vnfs W%SI g:)e?ﬁ ;rr‘:u?thg?:lrl g{g fg(r)a‘?g d
is a difference in charge between the two toner populations. . h ' d iron beads. Th poly f K Acty di h
Since there is no change in the net charge of the ton fit-shaped iron beads. The ratio of the carrier radius to the

population, this effect is not easily detected by the tot 022{3 ﬁg{gﬁi;;lsfh2?;?op\?vgznfoparameter for the model; for
blow-off technique that measures the average charge for t I& The general procedure for ein admix test is to prepare a
whole toner population; but, is detectable with a toner 9 P prep

e eveloper by mixing toner with carrier for some period of
E?Ség;ctfi%egﬁggzﬁgh and can be distinguished fro ime, e.g., 30 minutes. At the end of the mixing time the

Subtracting the charge sharing term from both sides {pner charge distribution is measured; this point becomes

Eq. 3, one obtains differential expressions for each ton%i:e?/;oor tehre :g(rjmxmtiiztd Fr_tl?cs)rf]]etron;:;rs (tehecri]is&tlr(ijt?ft(ijo:;to ;Pee
population. These can differ at most by a constant that wi P . 9

will take to be 0. We now have two coupled differentialmeasured at convenient times. Specifically, for this work,

equations that can be integrated. The solutions fandj developers were prepared by mixing 4 g of toner with 100 g
a?e 9 : i 9 of carrier to yield a 4% toner concentration (all “toner

concentrations” are the ratio of toner weight to carrier
weight). The developers were mixed on a roll mill for 30
minutes to ensure the tribo values were stable. After the 30
minutes of mixing, the toner charge distribution was
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measured with a charge spectrograph. Then 2 g of tonéom the charge spectrograph measurements. The slope of
were added to the developer. The jar was tumbled end-ovethe line in Fig. 1 is d/m=3/@/r"). For the toners used in
end three times and then mixed on a roll mill for twothis work, the slope should be 3.6X1@&m/g; the
minutes. Samples for charge spectrograph measurememsperimental value of the slope from the data Fig. 1 is
were taken after 15, 30, 45, 60 and 120 seconds of mixin@.5X10 cm/g. We concluded that devices were functional
The spectra were analyzed using a computer driven opticahd the two charge measurement techniques were
image analyzer to determine the toner charge distributiorgquivalent.
i.e., the frequency of particles having a given g/d and toner

size, d. From the toner charge distribution the median g/d o -
the toner was calculated. A 2X2 matrix of admix tests was o Tigaa
done with the two toners, T1 and T2, namely, T1+T1, wi | 0
T1+T2, T2+T1 and T2+T2. When two different color toners ' e
were mixed together, optical filters were used to separate
the two populations of color toners.

In order to verify 1) the toners had different
triboelectric properties; and, 2) the tribo blow-off
measurement and charge spectrograph measurement were
equivalent, the tribo values and g/d values of the developer
were measured as a function of toner concentration. For
these experiments, a developer was prepared with about 8|g
of toner and 100 g of carrier, about 8% toner concentration, . . . .
and mixed on the roll mill for 30 minutes; after which time | ., " 0.0% 20% 4.0% 6.0% 0%
the tribo value and median ¢/d were measured. The Toner Concentration
developer was then split into two portions. With one portion
of the developer, the toner was removed with an air stream ) )
and the “detoned” carrier was added back into the othé:r'gure 2. Inverse of_q/d as a function of toner concentration for
developer portion; this mixture was put on the roll mill for 5the two toners. The lines are caluculated from Ref. 2.
minutes. We found that the toner particles quickly
redistribute themselves among all the carrier beads to form a In Fig. 2, we show the inverse of g/d as a function of
uniform, lower toner concentration. Likewise, the toner haghe toner concentration (a plot analogous to m/q versus
a new, larger charge. The purpose of this procedure is tener concentration). The lines were fit to the data using one
minimize changes in additive transfer from the toneradjustable parameter,or each toner and the model from
particles to the carrier beads thus holding the surfacEq. 2 and Ref. 2. The toners were selected and adjusted to
composition of the toners and carriers constant for all th@ave different Avalues, which were confirmed by the data.
toner concentrations. We measured the tribo values and g/d Figures 3-6 show the admix data for the four cases in
values for final toner concentrations of approximately 8%the 2X2 matrix; T1+T1, T1+T2, T2+T1, and T2+T2. The
6%, 4% and 2%. median values of g/d from the incumbent and added toner
charge distributions for each case are shown as a function of
the admix mixing time. The lines are the calculations from
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ol the curvature due to the exponential terms.
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Figure 1. g/m versus g/d for the two toners. The g/m and g/d
values were varied by varying the tormencentration. 0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
20 40 60 80 100 120 140
ReSU|tS -0.3 — Time (sec)

) _ Figure 3. g/d versus time for the T1 incumbent and T1 added
In Fig. 1, we compare the tribo values measured abners. The lines are calculated from Eq. 4.

different TC’s, versus the comparable g/d’s determined
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Discussion added toners are different, this term becomes important for
the admix process. In the equations, it appears that the
The equations for the charge on the incumbent anthcumbent and added toners are triboelectrically charging
added toner show that after sufficiently long mixing times,against each other. That is not really the cade; (.-
only the first term in each equation is important.®_,) is the difference betweemd( . -®_ ) and @, ,.;
Consequently, the g/d should be proportional to theb_ ). The toners “know” about each other through the
difference in thed’s of the toner and carrier. When the carrier beads.
added and incumbent toners are the same, the g/d’s are the The results in Figs. 4 and 5 show that when the higher
same. However, when the added and incumbent toners arbarging T1 toner is added to T2, T1 charges higher than
different, the g/d’s of the two populations will be different. the incumbent toner, T2; and, when the lower charging T2
The admix cases of T1+T1 and T2+T2, Figures 3 and @pner is added to T1, T2 charges less than T1.
show this result. The admix time for these two cases is very
short — “fast admix” — which is required for commercial — _—
developers. These toners may not offer the best test of the T2+T2
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Figure 6. g/d versus time for the T2 incumbent and T2 added

toners. The lines are calculated from Eq. 4.
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From the admix model, we can determing values.
We should expect them to be the same as theahies
Figure 4. g/d versus time for the T1 incumbent and T2 addedetermined from the toner concentration data of Fig. 2. Fig.
toners. The lines are calculated from Eq. 4. 7 shows the A values determined from the admix
experiments versus the twq, Kalues determined from the
toner concentration data. The admix Values seem to be

T . slightly higher than those from the toner concentration data
+ ncumbent from Fig. 2. We were pleased with the agreement from the
T 2 e oner two different experiments and methods of analysis.
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Figure 5. g/d versus time for the T2 incumbent and T1 added °; j : : . : : :
toners. The lines are calculated from Eq. 4. -Ao from TC Expt.

Figure 7. The Avalues determined from the admix data versus the
PAD values determined from the toner concentration data. There is
od agreement between the two sets of measurements.

In the admix model, Eq. 4a and b, the second lin
contains an interesting terrd®(®,). When the toners are the
same this term vanishes. However, when the incumbent add
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