JOURNAL OF MATERIALS SCIENCE 39 (2004) 2581 -2584

Preparation of aqueous pigment slurry for decorating whiteware

by ink jet printing
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Ink-jet printing technology is used in many applica-
tions, including personal printing, commercial printing,
product marking and rapid prototyping, and is an at-
tractive option as a direct printing technology and in the
manufacture of micro parts. The ink-jet printing system
is a relatively inexpensive means of achieving accurate
direct reproduction of patterns or pictures stored digi-
tally. Recently, in ceramic processing, ink-jet printing
systems have been applied for three-dimensional print-
ing [1-3] and solid freeform fabrication using ceramic
powders [4-7]. The inks used for three-dimensional
printing are organic materials (binder etc.), while those
used for solid freeform fabrication are typically sus-
pensions of ceramic powders. The ceramic inks are
normally dispersed in non-aqueous media, however, the
preparation of suspensions of ceramic powders in aque-
ous media represents a desirable advancement in terms
of environmental and personal safety [4—6]. For deco-
rating whiteware, ink-jet printing is an attractive tech-
nology offering benefits such as simultaneous multi-
color printing, elimination of the need to make plates,
and speedy, low-cost processing [8]. However, the suc-
cess of this technology will be strongly dependent on
the preparation of suitable ceramic inks, slurries that are
particularly well-dispersed, fluidized and thickened. A
key factor in this process is the rheological behavior of
the ink slurry. The purpose of the present study is to
elucidate the optimum preparation conditions for such
slurries, such as pH, apparent viscosity and dispersion,
as suitable for ink jet printing in application to the dec-
oration of whiteware.

The four color pigments examined were yellow (1541
Yellow, Kawamura Chemical Co., Ltd., Japan), pink
(SP-75 Pink, Nitto Sangyo Co., Ltd., Japan), blue-green
(M-33 Nando, Nitto Sangyo Co., Ltd., Japan) and black
(M-800 Black, Nitto Sangyo Co., Ltd.). Pigments with
narrow particle-size distribution were prepared by at-
trition milling for 8 h. Table I lists the densities and par-
ticle size distributions of these pigments. Ammonium
polyacrylate (Celuna D-305, Chukyo Yushi Co., Ltd.,
Japan) was used as the dispersant, and screen-printing
oil (water-soluble medium 80683, Ferro Japan Co.,
Ltd., Japan) was used as the thickener. The main chem-
ical constituent of the thickener was hydroxypropyl-
cellulose ethanol solution. The pH of the slurries
was adjusted with tetramethyl ammonium hydroxide
and HNOj;. Slurries containing ion-exchanged water,
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pigment, thickener and dispersant were prepared by ball
milling for 24 h at room temperature. The dispersant
was then added to the slurries in a fixed amount of the
dry weight base (dwb) of the pigment (wt%), followed
by the addition of the thickener in weight fraction of
the solvent.

The apparent viscosities of the slurries were mea-
sured at 100 s~! using a rotational viscometer (VT550,
Haake, Germany) at 25°C. Sediment volume mea-
surements were employed to evaluate the dispersion
stability of the slurries. The sediment volumes were
measured after pouring 100 ml of each slurry into a
graduated cylinder, which was then sealed and left to
stand for 24 h prior to measurement. The electrokinetic
behavior was determined for slurries containing 2 vol%
pigment and 10~ M KCl as a supporting electrolyte us-
ing an acoustophoretic spectrometer (DT-1200, Disper-
sion Technology Inc., USA). A drop-on-demand ink-jet
printer (Michelangelo, LAC Co., Japan) with a noz-
zle having a solenoid coil was employed to decorate
a tile. The resolution of the ink-jet printer was about
40 dpi, which was not superior to other ink jet print-
ing systems with piezoelectric actuators. Although ink
viscosities of up to 10 mPa-s and ink solid-loading
of less than 10 vol% are considered suitable for other
ink jet printers, the printer employed in this study
was capable of using inks with higher viscosity and
higher solid loading. The apparent viscosity of the typ-
ical ink applied in this study was around 80 mPa-s
at 100 s,

Fig. 1 shows the electrokinetic behavior of yellow
pigment particles and the effect of pH on apparent vis-
cosity for slurries with 65 wt% solid loading. The yel-
low pigment particles have an isoelectric point (iep) at
pH 2.5, above which the zeta potentials of the particles
become negative, and become gradually more nega-
tive with increasing pH. The velocity rapidly decreases
with increasing pH up to pH 6, above which the vis-
cosity becomes constant, corresponding to the region
where the particles have high negative surface charge.
In the acidic region, the increase in apparent viscosity
represents the formation of a flocculate structure due to
the weak electrostatic repulsive potential of the parti-
cles with small negative surface charge. However, these
structures collapse in the neutral to basic region as the
electrostatic repulsive potential overcomes the van der
Waal’s attractive potential.
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TABLE I Characteristics of pigment powders

Particle size distribution (xum)

Pigments Density (g/cm™3) 10%D 50%D 90%D

Yellow 42 0.45 0.88 2.0

Pink 4.0 0.48 0.92 2.1
Blue-green 4.8 0.40 0.62 0.92
Black 5.2 0.60 1.7 3.0
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Figure 1 Electrokinetic behavior of yellow pigment particles and appar-
ent viscosity for slurries with 65 wt% solid loading.

The flow behavior of the pigment slurries was de-
pendent on the electrostatic properties of particles in
the aqueous media, and the flow behavior of all pigment
slurries could be enhanced by appropriately controlling
the pH. The pH required to enhance the fluidity of the
slurries was in the basic region.

Fig. 2 shows the electrokinetic behavior of the yel-
low pigment particles for various amounts of disper-
sant. The iep values of the particles do not shift after
the addition of the dispersant. At pH 4-7, the surface
charge of the particles decreases with increase in the
amount of dispersant, but the surface charge is constant
at pH > 7, with values about 10 mV more negative than
without dispersant. The increase in surface charge in-
dicates an improvement of surface properties due to
adsorption of the dispersant on the surface of pigment
particles. The dispersion of pigment particles in aque-
ous media was enhanced by the increase in electrostatic
repulsive potential due to the adsorption of dispersant
on the particles.
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Figure 2 Electrokinetic behavior of yellow pigment particles as a func-
tion of dispersant concentration.
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Figure 3 Variation in apparent viscosity and sediment volume of yellow
pigment slurries with dispersant concentration at pH 8.

Fig. 3 shows the effects of dispersant concentration
on the apparent viscosity for slurries with 75 wt% solid
loading and the sediment volume for 10 vol% slurries.
These slurries were adjusted to pH 8. The apparent
viscosity decreases gradually down to a minimum at
0.2 wt% dispersant, and then increases with the dis-
persant amount. This enhancement of fluidity can be
explained by promotion of the adsorption of the dis-
persant on the surface of the pigment powders due to
the higher electrostatic repulsive potential. The opti-
mum amount of dispersant with respect to achieving
the optimum fluidity of the pigment slurries, was around
0.2 wt% dispersant (dwb pigment powder). The sedi-
ment volume exhibited a similar trend, becoming min-
imum at 0.2 wt% dispersant. Therefore, a slurry with
0.2 wt% dispersant is considered to be well-dispersed
and fluidized. It should be noted, however, that even
well-dispersed slurries tend to form dense sedimenta-
tion when stored for extended periods through the co-
agulation of particles. Avoiding the formation of dense
sediment is desirable for ink-jet printing because such
sediment is extremely difficult to re-disperse compared
to loose, flocculated sediment.

In order to avoid the sedimentation of pigment par-
ticles, the viscosity of the dispersion media can be
controlled by the thickener. Fig. 4 shows the effect
of thickener concentration on the apparent viscosity
of slurries with 50 wt% solid loading and the sedi-
ment volume for 10 vol% slurries. These slurries con-
tained 0.2 wt% dispersant and were adjusted to pH 8.
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Figure 4 Variation in apparent viscosity and sediment volume of yellow
pigment slurries with thickener concentration for 0.2 wt% dispersant and
pH 8.



Figure 5 Photograph of tile decorated using the optimized aqueous pigment slurries.

The apparent viscosity of the pigment slurries grad-
ually increases with the amount of thickener, while
the sediment volume decreases to a minimum at 10
wt% thickener, and then increases gradually. If the role
of the thickener is to increase the viscosity of the media,
the particle sedimentation rate should become slower
with increasing thickener content due to the increased
friction resistance at the interface between the particles
and dispersion media. At thickener concentrations of
up to 10 wt%, the sediment volume was effectively re-
duced by the increased viscosity of the media. However,
excess amounts of thickener were found to accelerate
the flocculation of the slurries. It is expected that the
ethanol contained in the thickener is responsible for this
flocculation by reducing the dielectric constant in the
media [9]. The optimum amount of thickener for pre-
venting sedimentation of pigment particles is therefore
around 10 wt%. At this level, the apparent viscosity of
the slurry is 78 mPa - s, which is equivalent to that of
the typical inks used for ink-jet printing.

The dispersion and fluidity of the other pigment slur-
ries were evaluated in the same way. The solid load-
ing of the four pigment slurries were prepared so as
to be less than the typical ink viscosity. Table II lists

TABLE II Optimum preparation conditions for pigment slurries suit-
able for ceramic decoration by ink-jet printing

Dispersant Thickener Solid loading
Pigments pH (Wt%) (Wt%) (Wt%)
Yellow 8 0.2 10 50
Pink 11 0.2 10 40
Blue-green 10.5 0.3 10 40
Black 10-11 - 10 35

the optimum preparation condition for the four kinds of
pigment slurries. Four aqueous pigment slurries were
prepared under these conditions of pH, solid load-
ing, and amount of dispersant and thickener, and ap-
plied in the decoration of a tile (300 mm x 200 mm)
using the present ink-jet printing system. The result
is shown in Fig. 5. No blockages occurred during
printing.

In summary, four kinds of pigment slurries were
well dispersed and fluidized in basic region. In the
basic region, the addition of 0.2-0.3 wt% disper-
sant of dwb of the pigment powders more enhanced
the dispersion and fluidity of the four kinds of pig-
ment slurries. The optimum amount of the thick-
ener for preventing the sedimentation of pigment
particles was around 10 wt% of the solvent. Ap-
plied in the decoration of a tile by present ink-
jet printing system was achieved by the four kinds
of pigment slurries under the optimum preparation
condition.
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