CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Theoretical background

2.1.1 History of Electrophd

The active his ~with the inventions of

Chester Carlson in 1938. material to make images. In

1959, Haloid Corporatio oduced a 914 automatic

copier, which used amorp , and this machine used the

first commercial negative ylatc copolymers. During the

1970s, IBM and Kodak develope luced copiers based on organic

photoactive materials ,_‘-‘ e charging ing the 1980s, Japanese

\7 Ny .
manufacturers, such as Cane w-spced copiers based on

o ]

selenium and cadmium sulﬁde photoreceptors using negative toners. They also

introduced dry ﬂ luoﬂ Qu!w;ﬂ W@wmcﬂe@mg mechanism,

eliminating the use of carrier beads. Since the 1980s . many combmaugns of single-
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the 1ndustry [3].



2.1.2 The Electrophotographic Process
The electrophotographic process is based on six basic steps in reproducing
a document: charging, exposure, development, transfer, fusing and cleaning as shown
in Figure 2-1. First (the charging step), the photoreceptor is covered with ions through

the use of a wire or grid biased to high v

econd, (the exposure step), an optical

)ptor. This step forms a latent
; @evelopment step), a toner

broug ht into contact with this

system forms an image of the do
electrostatic image on the p
of the opposite sign from th
image. Next (the transfer vhich is brought onto the
photoreceptor, is charged bosile polarity frc the toner. This step
- toner is melted onto the
mount of toner remaining

-

on the photoreceptor after transfer s Cestaoved’t lectrostatic brush [3].
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Figure 2-1 The electrophotographic process



2.1.3 Toner components
Dry electrophotographic toner consists mainly of a colorant in a binder
resin. Besides these essential ingredients, a particular toner design may contain charge

control additives, surface additives, magnetic additives and other additives such as

wax [4]. V
2.1.3.1 Resin O y/
The role~ a tofler 1Qpigment to the paper or

transparent material to form age. The seleetion of the polymer depends

on the fusing or melting pr

follows.

ypically lower molecular

weight polypropylenes, polye "yl' acetate copolymers, and a

_ , LTI T ,
mixture of these materials. The )ld pressure erials have the advantage of

requiring low power in Qp¢ ! X )

y
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toner into the papeﬂibers The v1scos1ty of the toner usually 1s of qulte low melt in
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molecular w‘!alght ranging from 5000 to 50000 and glass transition temperature from

b) Coﬂnuous radiant source

50 to 60°C, are often used.



c¢) Flash fusing
The toner is melted into the paper by a very short, high
intensity flash of light lasting less than 5 ms. Styrene copolymers, epoxies, and
polycarbonates have used this fusing technique for fixation of toner images.

d) Roll fuser

gner passes through a nip formed

by a heated roll and a backup-ioll forces ﬁeated roll at fairly high

pressures. The polymers us u;m\ me h as styrene acrylates,

methacrylates and butadi . ! a c \WQ\\\ ts ranging 30000 to
AN

0 65°C.

rophotographic toner is
carbon black. Important pro rt1 CF ks for applications are their
dispersibility in the polyme Gnd g r tel toncharge either positively or

negatively. Carbon blac ! ing. Besides carbon

black, there are other matmials that can be used to make bmk toners, for instance,

SN 1712l 1120 (11T O,

charge control ageritlas well as black plgment For full color electrophotography, the
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and blues, aao pigments for yellows, and quinacridones or rhodamines for magentas
and reds.
2.1.3.3 Charge control additives
Charge control additives, CCA, are added to the toner when the

pigment blended into the polymer does not give an adequate charge level or rate of



charging. For positive images, the quaternary ammonium salts are usually used in
color toners because they are colorless. The other is nigrosine, which is black and
used in black toners. For negative applications, acidified carbon blacks, fumed silicas
and metal complexes are used.

2.1.3.4 Surface additives

Surface additives, suc )licas are added to the toner
Hioperiies ﬁof the toner from the

photoreceptor to paper by de f ﬁ.\n er to the photoreceptor,

re. The fumed silicas
plication, such as silicone

2.1.4 Toner Char: 'L-‘
2.14.1 Rheo

hEIW Wﬂ ﬁ ly affects fixing
)

behavior. There arq!lree &gnﬁ:mt temperatures necessary to ¢ aracterlze the toner
== QWA TN INGIAE

a) The minimum fixing temperature is an adequate temperature
at which the image is fixed to the paper.

b) The hot offset temperature is higher than the minimum fixing

temperature at which the toner is so fluid that it simply splits apart when the paper



leaves the fuser roll; leaving traces of the image on the fuser roll to undesirably
contaminate the next sheet.

c) The blocking temperature is the temperature at which
significant sintering occurs.

Besides these, only measured characteristic of a

‘/olymer changes from a hard
'ﬁtial scanning colorimeter,

tion. For adequate blocking,

polymer is its glass transition tem
glassy state to a rubbery stat
which looks for the change in
toners generally should ha

2.1.42 Colorj
eration is that it must

For the

generate high optical densiti€s. For hi there should be able to

7
develop an optical density of the co G55 ---: the ¢ strength or chroma of color and
pleasing hue. For process colot developers; th oenerate as wide a color

spectrum as possible, wii! Al o bsorption of various

2
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AToner particle sizes are generally in the range of about 10 to 20
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dots. The smaller particle sizes than this range improve color reproduction and noise

pigments.

reduction. However, the smaller particle sizes require longer times in manufacturing,
hence are more expensive to produce. Also smaller sizes tend to produce more dirt at

a given charge-to-mass ratio and to cause more rapid developer degradation.
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2.1.4.4 Charging
The charge on the toner is controlled by the selection of its
carrier chemical nature and through the mixing condition. When the toner and the
carrier are rubbed together, the triboelectric series which depends on a work function

of them are generated. The one lowe work function series becomes the

electron acceptor or negative char , er on the work function series
ﬁer particle size of 10 pm,

C/g. Toner particles with a

\.‘L\

becomes the electron donor

/

the useful range of charge-t
higher charge are difficu eposit little mass for a
given amount of charge 1 |0 nC/g generally lead

to both dirt in the machine

2.1.5 Current carrier powde =
2.1.5.1 Ca d. r

Ca il i graphlc imaging or

printing that applies wheya two-component developer is @ed Its most important

function is to impﬂ uﬂ ?’Wﬂqﬁﬁ wﬁts‘(ﬂaﬁ the toner to the

electrostatically cha‘&ed images on the pgotoreceptor drum in the coplere}S]
2 1.5.2 Types of carrier
a) Steel (spherical)
The developer with teflon-coated spherical steel carrier, was
quite insulating; consequently, the solid area reproduction was poor, and background

and machine dirt have been the source of problem.
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b) Iron (irregular)
Most of the iron particles are oxidized to control the
resistivity and partially coated to control the electrostatic charging. For irregular

powder, the high points are oxidized ,a oorly coated, to supply the required

the insulating sand or
glass and higher than the is , . Feurite v th 'sc nducting properties have
V they are transition metal
oxides and magnetic cerami rials whig L in some applications can be used
without partial coating for tone ch The’ ge 1s variable, from 10-120 pm
for the spherical ferrites,whi ¢ faising some in.the industry. The spherical
powder is formed by t ‘_— ‘;-‘-‘ >tic moments are 20-

75 electromagnetic units mr gram. Too high a moment wﬂresult in a stiff brush,

T Vi) | W*‘S“Wﬂ T
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The commercial use of the hard or permanent magnet type of
ferrite is a very recent development. In 1998, Eastman Kodak used hard ferrites for

full color copiers, and gave highlights at higher speeds.
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2.1.6 The two-component and single-component developments
2.1.6.1 The two-component development
This developer consists of the toner particles and the carrier
beads, which provides two functions for the toner, charge generation and toner

transportation through the developer ho s\' ng. First, the rubbing of the carrier against

the toner generates the desired magai

toner particles attach to the.carrier-bead by 'theﬁic force and then can be
——

moved to contact the late '} \n ore r. The two-component

development can be subdi \ e development and magnetic

brush development [6].

The toner of this sy ff_.* ! ximate diameter 10 um particle
size. They are mixed with asmuch Targer ca ial such as glass or sand
(diameter ~200-500 M o8 and transportation. In

addition to control, the camer attracts and holds the toner pmicles by a triboelectric

interaction, whiﬂ ﬂﬁﬁwlﬁwf wrﬁ\ ltTthjtoner particles.

Development of th&latent image occurs as the developer flows or cascades over the

s YR RN DR

electrostatlc attraction of the latent image and the impact forces cause the toner

particles to separate from the carrier and deposit on the latent image regions.
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Carrier / ' y.r Photoreceptor
Beads -

;
[t o a'" '»"

The toner particlg !j’:ﬁ ..... : similar to that of the cascade

developer. The carrier is a magnetic iron or ferrite in the size range of

50 to 200 um. The frictig 1 between the toners am d the carr _’, due to the magnetic
Yo Y
field causes the carrier particle b ‘Ir. hese magnetic carriers

]

bring the toner particles intor contact with the latent image on the photoreceptor. A
g p o & g p P
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Photoconductor
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Roller

ent system

2.1.6.2 The single- m%

Single-compan »—\,c el ates the carrier and charging
functions so that only cha ge atent image. So, problems of
carrier aging, carrier cli ,;r' f 1ele \Ud' need to control the

ratio of toner to carrier arﬂhmlnate ommp y. The volum of developer housing,

and cost can be r?ici4 g)w i% toner and non-
magnetic toner. A typical single- componen eve oper housmg 1S shown in Figure 2-4
“ W ANNIUUMIINYINY
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Reservoir

ent unit

By P
2.1.7 The charge meastirement jg ¢

2.1.7.1 Blow-off Metidaerc:<4
A VA
Gt OW- that is a typical method

| ﬁ er in a Faraday cage

Figure
-

for the two-component deve

M

. w ; a | .
with a mesh screen on both ends. The mesh screen size ranges between the diameter

of the toner andﬂe e 5 ﬂwﬁw\g@fﬁﬁ blows the toner

particles out of the®@age. The changes of the charge and mass are measured.
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2.1.72 E-SP i

The Elegtrical Single Particle,Aerodynamic Relaxation Time (E-

seant) stk AN YNNI T o

o ﬁ d elﬁﬁntas ﬂgﬂﬁ tlﬁﬂﬂﬁﬁah -
particle. It Irﬁ'n Itanco in ther rg icron't pm and

the charge distribution from zero to saturation levels.
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Its operating principle depends upon the phenomenon that when
an airborne particle is subjected to an oscillatory external force, such as acoustic
excitation driving field, the particles vibrate at the same frequency as the acoustic
field but with a phase lag due to particle inertia. The larger the particle the greater the

phase lags, which can therefore be relate icle size. To determine this phase lag,

)eter (LDV) to measure the

edto a Qof an acoustic and a DC
L \i“\ vertical position shifted

the analyzer uses a differentia
velocities of individual parti
electric field. Simultaneousl
by the electric field by ag maximum count rate
varies from 10 to 2000 parti . particle size, which
typically, can range from 0

The partic es At

laminar flow field through the

LDV sensing volume.wAs h the sensing volume it

experiences the acoustic/e D¢ electric field in a

direction perpendicular twthe direction of the laminar E flow. The schematic

s TN TN N 5
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Figure 2-7 Principles for measuring particle size
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Positively charged Particle Locus S Uncharged Particle Locus

Figure 2-8 Princi ‘ asuring Tic charge of particles

The CIE colo - e 1seés the essential standards and

procedures of measurement re neCessar; 0 ma \ colorimetry a useful tool in
¢ ) ! i . . .
science and technology. The ‘{J, employed in connection with

LA I
=y { %

e ot

instruments for color -me beep- established by the

. A =l :
Commission Internatlo" intérnational committee,
or International Commissm on Illumination in 1931. The C@ system started with the

premise developeﬂ):ﬂeﬂﬁnﬂ(ﬂwﬁwﬂﬂ}ﬂsﬁmlus for color is

provided by the pr(ﬁler combination of a source of llght and an observer [9
IELAB
There are several methods of characterizing a color, including CIE
L*a*b*. The CIE 1976 space, know as the CIELAB system, is the result of a
mathematical transformation of the CIE 1931 system. While seeking, during this

transformation, to obtain a space which is uniform in terms of color differences, one
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of the other objectives was to develop a much simpler system to interpret, with easier
references [10]. The CIELAB space extends the tristimulus colorimetry to three-
dimensional space with dimensions that approximately correlate with the perceived

lightness, chroma, and hue of a stimulus [11].

(1)
a* _ (3-2)
b = 2 )P (3-3)

X, Y, Z are the tristimulus value ) ' s to be defined.
Xa, Ya, Z, are the tristimulus va
L* represents lightness
a* approximates }_ _
b* apbroximates yellownﬂ-blueness

AUYININTNYINT

2.2 Literature reyiews
- a W
YRIANNIUHANRIINYIAEY
The te%hnoiogy of electrophotography is applied for printers and copiers that are
very widely used. The machines and materials for this system have been continually
developed. Concerning the electrophotographic materials, Kamiyama et al. [1]
characterized the properties of the polymerized toner and compared with those of the

conventional melt-mixed toner. It was shown that the polymerized toner is more
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efficiently and uniformly and triboelectrically charged than is the melt-mixed toner.
Its spherical shape improves fluidity and gives a smoother profile with less
background fog. Next, Koyama et al. [12] studied fine-grained toner particles and
developed non-spherical fine particle toner produced through an emulsion

polymerization method. In this method, itjis possible to inhibit dispersion stability of

) additives are compounded.
.‘

Thereby it is possible to contrei-the par;&le sizewsowthat a narrow particle size
»

distribution is obtained, M '

blade cleaning can be us n 4 U e of emulsion polymerization

particles wherein inner I - ':' out excellent toner particle

the toner, which had a smooth arid“&fficicnt on the magnetic brush. This

=T 7
caused the toner parSles AR ‘f@ % v uni ribpelectric charge. The

manufacturing processes

¢ 1mage qualit}‘ﬂ/ith this toner was also

enhanced in the rﬁoﬂ %) ﬁ ﬂ ‘Ej ‘ﬂ ?WB 1M
R TR oo

suspension golymerlzatlon as mono-component nonmagnetic toners. They compared

involved in making smalmarticle toners.

suspension polymerized toners prepared by conventional pulverization with
polymerized toners. It was shown that these polymerized toners have many superior
properties than conventional pulverized toners. It is a simpler production process with

a more narrow particle size distribution, higher flow-ability and transfer ratio, which
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has better quality of printed images and lower temperature fusing compared with
encapsulated toners. Another research was reported in 2003. Kiatkamjornwong and
Pomsanam [13] synthesized suspension polymerized toner in an aqueous medium and

studied the physical properties, charging properties, and image quality. The resulting

resulting polymerized ton¢ et s tricity of the resulting

polymerized toner was quality showed high

background fog, low mini image raggedness. The

print result correlated witl

The triboelectric properti O it developer are important in
practical machines, Aoike et al. [14] = a model for the toner tribo-charging to
help explain the dependence r chiarge ¢ ;s fatio (q/m) of the two-

component developer o E cted by the toner and

the carrier properties. Thé carrler charge to mass ratlo qc/nig to the metal plate will

have different woﬁflﬁtﬂs ’ﬁhﬂ ﬁwmﬂﬁ concentration. In

the same year, Noshiro et al. [15] preseg,ted the tribo- chargmg behav10r of two kinds

o RN TR 148 e

mixed with the toner. The tribo-charge of the different toners, (spherical shaped toner

and irregularly shaped toner) was measured by the blow-off method. The (q/m)max of
the irregular toner was found to be larger than that of the spherical toner at the same
agitation condition. But the time constant for the charging of the irregular toner was

smaller than that of the spherical toner. The time constant increased and the toner
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charge decreased with an increase in toner concentration of the developer. The shape
factor of the toner particles was evaluated quantitatively by an image analyzer.
Moreover, Kiatkamjornwong et al. [16] studied the charging properties of differently
shaped toners (spherical and irregular), carrier particles that differ in their

composition and surface oxide layer thicl y adjusting the applied current, and

2

nd 40% @he edge sharpness of the

print quality. The q/m values of sy igher than the irregular toner,
which produced higher densiii

ver than tho: ¢ from the others. The solid

\\\\w The carrier particles
. e \ he carriers with Cu, Zn

and Fe. The current on th / - penced the g/m value; the greater the

characters from the spherica

densities of the different

of g/m.

In 2002, Nakamura et alg[17] studied tri ing characteristics of several

kinds of toner particles, in uged the two types of

negative toner samples, \lmch were prepared by adding a ﬂative CCA or without

CCA, and one sa\'ﬁeﬁ ﬁ;ﬁ ﬂeﬂiﬂ%ﬁwa?jhi ing a positive CCA.

Two kinds of shakeyjwere used for tribo-charging on toner with different arm lengths
¢ o v/
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the E-SPART analyzing method. The saturation curves for the negative toner with

CCA show that the g/m by tribo-charging is narrower than the negative toner without

CCA. The saturation curves for the negative toner with CCA with different arm

lengths show that the q/m by tribo-charging with the longer arm length of 200 mm in
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the shaker is obtained at a higher absolute value of 15 pC/g than that with the arm

length of 130 mm. For the positive toner, the value of g/m is similar to negative toner.

Besides, there are many factors affecting the triboelectric charging. Lee et al.

[18] studied the influence of charge c nt (CCA) on toner surface to toner

tribo-charge. The variation of face and toner concentration

had been examined by the b

the neat CCA. The toner gly influenced by the
carrier surface properties are changed by CCA
Moreover, Poomtien et al three types of CCA at
various concentrations. The se the effectiveness of the
charging sites on the toner, so Jro] CCA amounts increased the g/m
values. The charging ﬂog@ﬂiﬁ %"{%; d by the E-SPART

analyzer and blow-of '7- , t ' ‘»1! erties influenced the
quality of the printed imﬂes. The toners without CCA hadmm lowest print density.

. ¢ . .
The higher the ng@wrmﬁrwdﬁn] .ﬁﬁthe interestingly,

background density of the toners W1thout CCA was hlgher than the toners with CCA.
o P HIATRIAV IR B
(¢/m) in thg two-component developer on the toner concentration (T/C), the carrier
size, and the toner size in order to acquire the relationship of the print qualities, in
terms of print density and the background density. The g/m values measured by the
blow-off measurement showed that the toner q/m values decreased with increasing

T/C. The toner charge properties, which depend on the toner resin and the carrier
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coating polymer are controlled by the toner size and the carrier size. A smaller toner
size increased the print quality, but decreased the latitude of T/C value. A smaller
carrier size gave a wider latitude of T/C with an optimum range of g/m. A low e
value resulted in a higher toner charge, which also produced a lower print density. On

the other hand, a high T/C value induc low toner charge and produces the

very high background density.
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