CHAPTER 2

THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Theoretical background

2.1.1 Principle of inkjet pri

Iy,
nofl.‘im;m, which a small liquid ink

zzles onto a print substrate.

Inkjet printing is
droplet is ejected under
The size of print head meters depending on the

technology. The techn

2.1.1.1 Conti -
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Continiigus' inkjet printer mﬁl jet system formed by

forcing ink under pre ut more small nozzles. The

d into two major types of

continuous inkjet printer.

working principle of this s#stem is shown in Flgure 2-2. A liquid jet tends to break up

into a stream oﬂ«%{}@ sitd Hd%lw §eferhindd hainly by the surface

tension of the 11qu1d the pressure applied to it andsthe size of the nozzle. Applying a
high- fre% w alﬁtﬂgnlﬁgmumq q l%lzﬂ ] [@ﬂleetmc crystal
in contact with the ink in the reservoir is a method to regularize a stream of uniformly
sized and spaced droplets. The ink droplets are moved towards at a speed of 5-35 m/s.
The ink stream undergoes a charged/no charged condition by binary switching.
Individual ink droplets pass through a high voltage field of approximately 2000 V.

The ink droplets become charged by induction and each droplet carries a charge



depending upon the voltage applied to the electrode. When the charged ink droplets

pass through the high voltage field, they are repelled by the 2000 V electrode and are

deflected into a reservoir. For the uncharged ink droplets, they pass through the high

voltage field and are deposited onto the substrate to form part of anb image.
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Figure 2-1 Inkjet technology map®
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Another fo i @nﬁng is known as Hertz
—_— S —

compared with other inkj it thetes 2 culties with such small nozzles

and droplets.

Figure 2-3 Hertz technology inkjet system6



2.1.1.2 Drop-on-demand or impulse inkjet printer

The majority of activity in inkjet printing today is in the drop-on-
demand (DOD) methods. The technology can be categorized into four major methods:
thermal, piezoelectric, electrostatic and acoustic inkjet. Both the electrostatic and

acoustic inkjet are still in the devel stage. Most of the DOD printers on the

market today are using eithe ic principle.
— )
In the pi j m&s are ejected from the print

form a concave menis r may be in the form of a

diaphragm, the other en ical driving pulse acts on the

o 4
chamber, causes the volume d}f' “ik t
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onto a print ‘substrate :

e ink droplet is then directly

emitted from the q(:szle e deflection part of ink

droplets is not requ to form an | nology can be classified

I
into four main types: s;;leeze, bend, push, and shear mode as shown in Figure 2-4.
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Figure 2-4 Piezoelectric inkjet design: a) bend mode, b) push mode, c) shear mode®



umprecipitate and build up at

the internal surfﬂ ﬂlzrﬁgt mmwmﬂ ?led “Kogation”, the

build up of deco sed ink on the resistors

ARIANN I UANINYIAY

disadvantage of this metmd is that the dye in the ink wo



2.1.2 Physical properties of inkjet ink®?

The physical properties of inkjet ink have to meet the requirement of a
printing process. They do not only dictate the quality of the printed image, they also

determine the drop ejection characteristic and the reliability of the printing system.

The inkjet_inkev o ' property for jetting the ink
7 ulating an inkjet formula.
The high viscosity ink cans - . narrow ink supplied tube or
the sponge cartridge. Thesg'z 56 daids ?‘ : ) “'_ y of ink droplets in case of a
continuous inkjet printing | mkjet ink is around 2 to 8 cP

depending on the process.

Surface sio ; ortant factors for the uniform droplet

formation in coa;mous 1" ters In case of DOD printers, this property affects

eﬂ YJ ‘\z ujdl ﬂ mttj system. If the water-
TR T T I T T e

cause a ndn-smooth flow in an ink supplied tube. Surface tension also influences the

the regulate co

dot spreading on the surface of the printed substrate. The range of surface tension is

around 22-45 mN/m.
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2.1.2.3 Conductivity

The conductivity of inkjet ink is higher than 1000 uS/cm at 25 °C. In
the case of a continuous inkjet printer, the ink droplet must be able to accept an

applied voltage. The charged and uncharged droplets fly to the different trajectory

”y ecause of the charge repelling, the

g tt uncharged droplet, it passes

when they pass through the hig
charged droplet is deflect
directly to the printed su

the destination of the char

as hue, pigment dispersion ye-solubilit ¢ lower pH of the anionic pigmented
ink causes the pigment coaguiation-in a storz e container or clogging in the print
nozzle. The orifice o ’%—_f‘o if the pH of the ink is

highly acidic. m

ﬂ%’mﬂmwmm
QRS TTI SYr p e

micrometér. The large particle size in the ink leads to the jet instability, misdirection

or clogging the nozzle. These problems are usually found in the pigmented ink.
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2.1.3 Inkjet ink composition>™

Inkjet ink mainly consists of a colorant in a liquid medium. Besides these
essential ingredients, some binder resins and additives are added for meeting the

special required property of inkjet ink.

Component Concentration (%)
Deionized water -n si - — 60 -90
Water soluble solvent f/ SCO: t ‘ ' 5-30
Colorants ; | 1-10
Surfactant weltig, ', eaidg® |\ N\ 0.1-10
Biocide Preyent g@%‘y ofth, 0.05-10
Buffer Contr stha* ‘ _ 0.1-0.5
Other additives Chelati ';; 5 foan , solubilizer etc. >1

e - e
o S
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2.1.3.1 Ui uid me j]]

ﬁ %Ej fs %ﬂ tét%q ﬂ fﬁnm the printer to the

surface of a prmted substrate. The majority of inkjet inks, which are widely used in
home an’ﬂqm:lfa ﬁ]&ﬁ\m&mrlﬂa&nﬂaﬁ ﬂy are not only
comprised of water but some humectants are also added to formulate the inks. Some
typical humectants are glycol, glycerol, and glycol ether. The purposes of adding
some humectants are to control the evaporation of the ink in the print head, adjust the

drying speed and act as a dye solubilizer or a pigment dispersant. If the ink contains a
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higher amount of low volatility humectant, it will slow down the drying process. If the

quantity of humectant is decreased, the orifice nozzle may be clogged.
2.1.3.2 Colorants

Two types of colorant, dyes and pigments, are used in inkjet

Wl office-home office (SOHO) inkjet

preferred to use for outdoor

formulation. Dyes are generally

printers or an indoor appli

application and wide fo

low storage stability. _Rigment is sometime co nd precipitated when the ink

is kept for a long time.” —

g y soluble in water.
Therefore, the water ﬂ:stness oﬂost jye—based in Jet inks is poor The ink is also

ey FUHE} ST 91 TR T e s 0.

Moreover the light fading is a serious problem for the dye-based inkjet inks thus they
are not suitable for outdoor application. However, dye-based inkjet inks dominate the
pigmented inkjet inks in some ways. The dye-based inkjet inks are brighter and more
transparent than pigmenteri inkjet inks. They produce a wide range of color and bigger

color gamut volume. They are more cost effective than pigments because of their
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greater coloring power. The selection of dye molecules is also plenty because more
than 5000 dyes are commercially available; while the pigment choice is limited since
less than 400 commercially pigments are available.” On the other hand, dyes are
easier to handle. Storage stability of dye-based inkjet inks is long with less

coagulation and precipitation.

2.1.3.3 Binder

Inkjet in ount of binder (0-10 %

depending on the type o because of the viscosity
limitation. When the leve dup, the viscosity is increased.
This may cause the jet in . In some application like metal
and film printing, a binder btng some requirements such
as increasing adhesion, glos sistant. The types of resin used in
the inkjet inks are, for examg gelatin .poly(vinyl aicohol) and

- R ————
acrylic resin. \7 : X'

Y 2

2.1.34 Add.ttlves
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2.1.4 Inkjet recording media>®

Inkjet ink usually contains a high amount of water or organic solvents. So the
high absorbency of recording media is required. The conventional recording media

are the ink-receiving layer formed by a swelling polymer. These media have some

absorbent in a coating 1 ife s is_obtained by the hydrothermal

treatment of an aqueou ) ite-formin und such as gibbsite. The

< /
s L
e

The other plgﬂent widely u: layer is silica.'” Some

advantages of using k absorptivity and good

coloration by dyestuff.

Some mordant ﬂ;ﬂ B ﬁgnﬂeﬂ %&‘5 [w &j q;ﬁﬁo improve the fixing

property. The mordant polymer is¢'composed of cationic subgtituents, typically
quatemagq mr:;lalﬁ m:jnm jﬁlnm :”1-] 'geuﬂl:;] cﬁsﬂfs having an

anionic nature by cation-anion aggregation. Although the mordants can fix colorants,

owever the fixing ablhty of dye 1n a silica layer is not high.

they show worse effect on the light fastness of the dyestuffs.
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2.1.5 Photodegradation pr()cess11
2.1.5.1 Photophysical process12

When a photon is absorbed by a molecule at the singlet ground state

(So), the molecule is transformed into an excited state (Sy, Sz, Ss...). This energy-rich

molecule is not stable, therefore it returns e stable state by energy transition.

This process can be explained-by:ihe kﬁ(as shown in Figure 2-6). The

singlet excited state molec  return to the ground state by converting the

excess energy into radiai is so-called fluoreseence. Sometimes a molecule

0 the lower excited state (e.g.
5 M .r, . . : . v e v

from S3, S; to S; or T3, ithout emitting \ ation. This is called internal

conversion (IC). Moreover, y ;7 g (ISC) from the lowest singlet excited

afl return to the ground state
(]
called phosphorescence.

higher triplet state by. ab:

@ﬁ. WRTNYINT
RR '

Absorption

92

=
I
2

Fluorescence

Phosphorescence

S

Figure 2-6 Jabolnski diagram''
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2.1.5.2 Light stabilization""

The photo-oxidation is occurred when a molecule absorbs light. The
molecule must contain groups capable of absorbing electromagnetic radiation which

then causes electron transfer in the molecule. These groups are called chromophores.

Figure 2-7 shows the schematic' diag f photo-oxidative degradation of a

chromophore and protection w2 ys. T f light by a chromophore convert

this into an excited sta: ssentially,Ch* ur possibilities of further
reactions:
UV-absorber
Free radical
scavenger
Ch — :‘ R-00- y
P00
Quencher ---- 0, RO-+-OH m
PO- +
ﬂxyﬂ?ﬂﬂmw i
decomposer ‘ POOH

QRIAINIUNRINYIA Y

Figure 2-7 Schematic diagram of photo-oxidative degradation and protection waysll

a) return to the ground state via fluorescence or emitting

radiation with less energy or less deactivation in a form of heat,
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b) decomposition into radicals, followed by a continued

reaction with the substrate (polymer.) and/or oxygen,

c) formation of radicals through removal of hydrogen from the

substrate,

d) energy f

of singlet oxygen '0,).

‘ ”j//xygen, which leads to the formation
Z.
E—

’\'\ n a) does not endanger the
J 2 L1

The contin  ad

0 \ d) will in any case damage

the polymer or at least i lerts
'\

) show us the way to protect

the polymer against the ha ffects of UV light as follows:

ight before Ch* start to form

Ch* (UV absorber), vi

y

B) Eliminating the exeited state after a formation of Ch* by a

el I NN INEINT
QI BRI B b

before the reaction has a chance to continue. (Free radical scavenger),

D) After a formation of peroxides, decomposing them by a

means of suitable peroxide decomposer.
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2.1.5.3 Light stabilizer"!
a. UV absorber

The main function of a UV absorber is to absorb UV radiation

in the region between 290-350 nm (UVA spectrum) and convert it into harmless heat.

for example: 2-hydroxyphen) -hydroxybenzophenones,

hydroxyphenyl-s-triazine

Z

2-hydroxypheny! benzotriazoles hydrox@enyl—s—triazines
ot

N ﬂ\SM—‘E &

=R, ¢ | ’

U W% Vg gﬁ

Qq E—hydr@yﬂzop enones 0xa§’ides

Figure 2-8 The chemical structure of most important UV absorber groups“
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Each of UV absorber groups can be characterized by a typical

absorption spectrum (Figure 2-11) and transmission spectrum.

The effectiveness of UV absorbers can be determined by the

Beer-Lambert Law as in Equation. 2.1:

2-1)

dent light
of emergent light

iept [1/mol cm]

17 |

mﬁ]]
ﬂ U Eﬂ o4 ET'P‘T'TWE‘I”I‘TT’? Sl
. T e x tﬂ w he extinction
coefﬁciSq E the concentratlon (c oﬁm absorber and the 1ﬁ'thickness (d).

The higher the extinction, the more UV light will be screened and the greater will be

the stabilization effect. The extinction coefficient € is specific for each molecule and

dependent on wavelength, i.e. it is a constant for a given UV absorber. This means
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that the stabilizing effect of a given UV absorber can be altered by varying the

concentration and/or the film thickness.

Extinction
3.5 1

hydroxyphenyls-riazine

2.5 1

1.5 - -
« \\hydroxyphenyl benzotriazole

051 ' ‘ =
: f/xi"l"m;\

280 304 ‘.\\
Ctifl dlf S \\

n-n oups, ¢ = 1.4 10* mol/l in

420

Figure 2-9 Absorption sp
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Figure 2-10 General structure of sterically hindered amine based on 2,2,6,6-

tetramethylpiperidine''

For hindered amine light stabilizers, amines are the derivatives

of 2,2,6,6-tetramethylpiperidine (as shown in Figure 2-12) and are generally referred
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to as HALS. Under photo-oxidative conditions, HALS are transformed into the
corresponding stable nitroxyl radical. Nitroxyl radicals are stable only if they do not
contain active substituents, such as hydrogen atoms, in the alpha position. Hydrogen
atoms in the alpha position lead to disproportionation of the molecule into nitrons and

hydroxylamine, as shown diagramatically in Figure 2-11.

[N
: R
Stable FJ. HeSSA C HC _C7~
Ll N |
| R
OH
Figure 2-11 Effect of substitution in the alpha position's ofthe nitroxyl group on the

X

stability of nitroxyl rad e}l S. e
|

)

AULINENTNEINS
RINNIUUNININY
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2.2 Literature Reviews

A critical problem in inkjet printing is the image permanence especially the

low light fastness property. Therefore, the light induced fading is the main focal

aspect in recent year researches. There are many topics focusing on factors affecting

AS€ O pig@m, the polymer containing
alkyl groups, s ﬂ\? ?1 ﬁﬁ} izjlgf tostability on the yellow
pigment. Apart e inder, Lee t n 19 die 1mprovement on light

e LA Lk L L .

named B-%chlodextrm—transorber colorant. Adding this additive in an ink formula

accelerates the photode adatlon of dye.

and a coated paper formula show a significant decrease in light-induced fading.

It is well known that the light fastness of pigment is always better than dye,
but the color gamut of pigmented inkjet ink is usually smaller than that of dye-based

ink. Therefore, a method to improve both properties is to combine pigment colorants
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into the dye-based ink. Ortalano® explained the hybrid system of inkjet colorants by
dispersing aqueous pigments with common inkjet dye colorants. The inkjet ink

formulated with this hybrid dispersion exhibited both dye and pigment properties,

such as a wide color gamut, high optical density, high surface tension, high water and . .

light fastness.

As mentioned above, %‘1 & tor, which influences the light
"tt-\... &

fastness of the ink is thewmedia: Mej wuch as pH, the chemical

- ,.,. within the media, the

composition of the medi
ffect the light fastness of

formulation additives an
inkjet prints.16 For exan he light fastness of large
format inkjet media. Th f the prints was dependent
on the testing environment. T ratedn al environment is different from

that in the accelerated fading ;e;,gf- :

=1 ,«"'a‘i; L3 -;:i]:_“ ‘—‘j
- f.‘l ‘. : ==
polymeric resins such.as PVP and PEOX w media have poor light

fastness. Adding inorgaﬁ s

gnprove the light fastness of

uEJ’J:IﬂEJ ‘EWEJ’LHEU

For the third main facto service env1ronment

i G RATHA YBR F ve m

permanence That is the intensity of light affects the light induced fading of inkjet ink.

the inkjet prints.

ence of light source

Bugner and Suminski'® described the filtration and reciprocity effects on the fading
rate of inkjet photographic prints. Use of unfiltered or glass-filtered, high intensity
fluorescent lights to accelerate the light fading of inkjet photographic prints was not a

valid predictor of light fading under the ambient conditions. Because the presence of
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strong UV-emission fluorescent light caused inkjet dye fading at different rates and
possibly by different mechanisms. The correlation with Plexiglas-filtered fluorescent
light, which removes most of the UV radiation, is quite poor. The fading rate of
filtered high intensity exposure condition was 2 to 3-times faster than that filtered at
low intensity exposure conditions. The inkjet inks on the porous receivers were more

sensitive to reciprocity effects thaq\“*’ ; non-porous receivers. In addition to

the light mtensny, the type posure@ related to the light fastness of

the inkjet prints. For ex

can diffuse and migrate to the  THedit “‘ﬁ? :
r"" ;"J ) o~
o5

each dye molecule by photon. Therefore, r dye molecules at the high
humidity condition is greaser than that at low_hj mldlty condotion. In 2000, Goodhart

and Wilhem” sﬂ: u &Jh% mﬂdwpi w cﬂﬂ fr}lﬁk migration effect in

inkjet photo ra h1c uaht in a real world environfiental condgt Mﬁee systems of
AN AT,

the high humidity levels. The system A, four-manufacturer standard dye-based inks

ink—medla 0 ity fastness at
(CMY) and premium photo papers, show a significant dye migration and image
bleeding in a short time at humidity above 50 %RH. Especially in the magenta dye, it
causes the large color change to the lower density magenta and red patches. The

system B was the manufacturer recommended six-ink formulations (including light



25

cyan and light magenta) and a coated matte-finish photo paper, which is marketed as
photo printer. This system was reasonably stable at 70% RH, but high mobility of the
yellow dye occurs within the 70-80% RH range. The system C, six-pigmented ink
formulation and semi-glossy photo paper, shows excellent humidity fastness. The

maximum AE was predicted and found to remain less than 5 over one hundred years

at 80% RH.

printing.*! Water fastne Y or water-based inkjet inks.

The ink chemists hav good operate ability and
solubility/dispersabilit they do not re-dissolve or
disperse in contact with Watgr. Two.: _’_f-‘ ssful. mi , rom Avecia are the pH dye
switching dye mechanism, _ nic £y, e meehanism. There is an observation
in inkjet prints, which is called catalyti _x_ agenta dyes especially H-acid dye
and gamma acid dye: .\.; quick ,m_-._:.;ﬂ_\;jp‘ hade with phthalocyanine

cyan dyes. The presentmé S t&ﬂ'nake high resistant gamma

acid dyes or make phthalogyanine dye thatgis not sensitized by oxygen. The inkjet

P faﬂ 4 2L W)L IN &L AL Qusure time to ambient
et ot A g s e o

affect the 9zone fading.
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