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Abstract additive on non-electrostatic and electrostaidhesion

forces of toner.
We have studied the effects of toner surface treatment

by an additive on tonmeadhesion force. Toner samples, Experiment

which have various concentratiorsf the additive, were

prepared and thtoner surface coveragey the additve Sample Preparation

were evaluated by mean$ the image analysisf@lectron Toneg samples, which have various concentrations of
micrographs. The adhesioforce between tome and the additive between OMit% and 3wt%, were prepareth
photoconductowas measured witthe centrifugal method. this study. Toner particlesithout the additive prepadedy

It was found thatthe non-electrostatic adhesion force pulverization method were irregularly shaped and
rapidly decreased with increasing the surface coverage, aftggatively charged. Ehadditive was hydrophobitreated
saturated a& certain coverageA relationship betweethe  silica particle that the average diameter of a prynparticle
non-electrostatic adhesion force and the surface coverag¢asaround 14 nm, ahhad negative charge property. The
can be explained as the change of van der Waals forc&olume-weighted average diameters of theserteamples
Electrostatic adhesipforce increasesn proportion to the ~ Were approximately fm.

squae of toner charge to mass ratio, and the slope decreases The organic photoconductor film consigfin of
exponentia}y with increasing the surface coverage. It ispolycarbonate and ¢rcharge transpornaterial waformed
suggestd that the change of th electrostatic adhesion force on the aluminum substrate ubdor the adhesion force
by the additive is relatedo the difference ofa charge ~Mmeasurement as the substrate of toner deposition.

distribution on toner surface. o
Measurement of Toner Surface Coverage by Additive

Introduction The areas shaded bach additive particle otoner
surface were measured by the image analykislectron
Various forces actig on tone particles control the micrographs, and the toner surface coverage dpdditive
particle motion in the electrophotographiprocess. For was evaluated from the total area of the additive.
example, in the transfestage, the transfer propegiare
influenced by the balancef the Coulomb force ahthe  Measurement of Toner Adhesion Force
adhesion force between toner and the photoconductor. Adhesiam force between tomeand the photoconductor
Therefore the controlof tone adhesion fore is important ~Was measured by ¢hcentrifugal method using Hitachi
for the transfer oftoner depositiowith high fidelity in the ~ Koki  CP10@  Ultracentrifuge. Non-tribocharged or
transfer process. Toner adhesion force consists of no#fibocharged tore particles wee sprinkled @ the
electrostatic and electrostatic adhesion forces. In order @hotoconductofilm. This film was placed in the centrifuge
control the toner adhesion fordeis required tanvestigate and spun atvarious rotational speedst the centrifugal
the effects of variousfactors on non-electrostatic and force acting @ a tone particle becam larger than the
electrostati adhesion forcesfdoner. The surface treatment adhesia force between the toner particle and the

of toner by tie additive such ssilica, used foimprovement ~ Photoconductor, the toner particle was removedtite
of toner flowability, is one of the important factors capture substrate frometphotoconductor. The surfaces

influenced the toner adhesion fofte the capture substrates wveerobserved by an optical
In this paper, the adhesion forces between &hicroscope, and the diametefseach toner particlesndhe

photoconductor and non-tribocharged tonetribocharged ~ capture substrates veeevaluated P the imag analysis.
toner, which hag various toner surfaccoverages ypthe  The adhesion forces between baoner particles and the

additive, are measuregy the centrifugamethod. Then we ~ Photoconductor were calculated from the diameters of the
will discuss the effects of the surface treatment by afoner particles anthe rotational speedt which tte toner
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particles were removed, @éthe average adhesion ferand
the adhesion force distribution of the toner were obtained.

Results and Discussion

Surface Coverage by Additive
Figure 1 shows tk relationship between the average

Copyright 1999, IS& T

um and Z = 0.4 nmvan der Waals force calculatérom
equation (1) is 330 nN. The average adhesion for€eyuof
toner particles without the addiévs 101 nN, which isf

the same order ofbut smaller tharthe calculated value of
van der Waals force. This reason is considered that the
radius of curvature foirregularly shaped real tonsurface

is smaller than the spherically converted radifistamer

tona surface coverage and the concentration of additiveparticle.

The surface coverage increasewith increasing the
concentration of additive Additive particles ontoner
surface form aggregagevith the average diametsiof 50 to
60 nm.
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Figure 1. Relationship between the toner surface coverage by
additive and the concentration of additive.

Non-electrostatic Adhesion Force

Adhesion forces betweethe non-tribocharge toner
ard the photoconducto are measuck for each toner
samples. Since &nadhesion forces arthe diameter beach
tonea particles a@ measured in tkiexperiment, the average
adhesio forces ¢ each toner diametecan be obtained.
Figure 2 shows the size dependeré the adhesion force. It
is found thatthe adhesion foreof non-tribocharge toner
increasesin proportion to toner diamete and the slope
decreases with increasing the surface coverage.

To explan this result, van de Waals fore is
considered as non-electrostatichesion force. Ma der

Waals force between a spherical particle and a plane, say Fv,

is expressed as follows

Fv=HD/12Z (1)

where H is the Hamaker constant, D is the diameter of
particle, and Z is the distance between a particle and a plane.

Van der Waalsforce isproportional to a particle diameter,
and the result of Figer 2 corresponds to &h size
dependence of veder Waaldorce. Fo H = 7x10°J,D =9
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Figure 2. Size dependence of the adhesion force for the non-
tribocharged toner.

Therelationship bateen the average adhesion forces of
the non-tribocharged toner @rthe surface coverages
showvn in figure 3. It is found that the average adhesion
forces rapidy decreaseavith increasing the surface coverage,
and saturate at about 25 % coverage.
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Figure 3. Relationship between the average adhesion force and
the toner surface coverage for the non-tribocharged toner.
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This result is discusse using the contactmodel
illustrated in figue 4. The contact between tone particle
with the additive and a photoconductor cam dbassified 400 L SufaceCoveaage= 5%
into two cases(1) toner surfag contactsa photoconductor
illustrated in figue 4-(a), (2) additive on tone surface
contact a photoconductdllustrated n figure 4-(b) The
diameter of a torreparticle is larger thathe diameter ban
additive. Since van der Waals force is proportiota
particle diameter, van der Waals force between a toner
surface and a photoconductor is larger than van/\deals
force between an additive and a photoconductor. In the case
of lower surface coverage, the average of van\Waals
force must be large becauthere are many tongarticles
like figure 4-(3 on a photoconductoOn the othe hand, 0
when the number fotoner particles like figwer 4-(a) 0 200 400 600
decreasgwith increasing th surface coverage, the average (QM)? (uC%/g?)
of van der Waals force tends to decreases ttonsidered
that the nqn-electrostatlc adhesion force at higher SurfacEigure 5. Dependence of the average adhesion force on the square
coverage is determideby van de Waals fore between  tioner charge to mass ratio, (@) 2
additives and a photoconductor.
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Figure 4. The contact models between a toner particle with 0 ’ : ’ :
additives and a photoconductor; (a) toner surface contacts a 0 20 40 60

photoconductor, (b) additives contact a photoconductor Suface Coverage (%)

Electrostatic Adhesion Force Figure 6. Slope between the average adhesion force aht){gQ/
Adhesim forces between #toner, which was Charged plotted against the toner surface coverage.

by mixing with polymer coated carrier beads, and the
photoconductoare measurkfor ead toner samples. The
tone charge to mas ratios QM are measured Ythe blow-
off method and controlled by the toner concentration.
Figure 5 showshe dependenced the average adhesion
force on (Q/Mj for each toner samples. @haverage
adhesion force increase in proportion to (F/Mrd the
slope y decrease with increasig the surfae coverage.
Figure 6 shows tk relationship betweem ard the surface ) . :
coverage It is found thaty decreases exponentially with charged paricle doe_s not gxplaln the magnituficthe
increasigy the surface coverage. Thus, at the same Q/M, th@easured electrostatic adhesion femmd the changd the

electrostatic adhesion forcedecrease exponentiallyith eleCEFEStat'hC adhesu:nhforcea%)l/ thhe_ id(.j't'\t/;' lectrostati
increasing the surface coverage. € charge patch modelwnich IS e electrostatic

adhesio force model fo a particle with non-uniform
charge distribution, is discussed next. In this model, the

To explain these results, the electrostatic imageefoirc
a uniformly charge spherical particlesiestimated. Fob =
9 um ard Q/M = -20 uC/g, tre electrostatic imagforce’ is
calculated to be approximatelynN. On the other handhe
electrostatt adhesion forces for Q/M = -2(C/g, which are
obtained fromy in figure 6, range frm 17 to 3& nN.
Accordingly, the electrostatimage fore of the uniformly
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electrostatt adhesion force betwaea toner and a treatmentby the additive changghe van der Waals force

photoconductor, say Fe, can be expressed as féllows of the toner and the charge distribution on the toner surface.
Fe = &if / 25, A @) To be more exact, the surface charge distribution of one

toner particle will be necessarily measured.

wher § = (g’-1)/(¢'+1); € is the relative dielectriconstant

of the photoconductorg, is the dielect constant of free 500

space q is the totd charge on thtoner particle A, is the

totd charged area on the toner partidlés the ratio of the

chargel area in contact with the photoconductor to the total

charged arearothe toner particleFrom equation (2)even

if the total charges of toner particles are equal, the

electrostatic adhesion f@changes dependiron A. Thus,

it is considered that the change of electrostatihesion

force bythe additiv can beexplained bythe changef A..

The measured values of electrostatic admmesiorce

decreas with increasing the surface coverage. Then, it is 100 p

assumed that Aincreass with increasig the surface

covera@ because the electrostatic adhesion force is 0

inversey proportional to A The values of Aare estimated

from equation (2) and the measured values of electrostatic

adhesion force. Thethe ratie of A, to S (the surface area

of the spherical particle with the toner particle dianjetes

calculatedFor D = 9um and Q/M=-20 uC/g, A/S is 0.6%

for the tone sample without tl additive, ad 13% for the

toner sample that &surface coverage is 53%, of atoner

particke without the additive wil be small, because the

surface charges concentrate at the region whicle himh

chargeability such as CCA (chaegcontrol agent). When a

TribochagedToner
400 | (Q/M=-20uClg)
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Figure 7. Relationship between the average adhesion force and
the toner surface coverage for the non-tribocharged toner and the
tribocharged toner.
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The relationship between non-electrostatic
electrostaticadhesion fore of tone and the toner surface
coverage by the additive are obtained usirgceéntrifugal
method. From th series of experimentshe tone surface
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