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Deflocculation and Gelation of Porcelain Ceramics

T. Tonthai

Abstract—Deflocculation and gel characterization
investigated for three different composition of gaain slips at
specific gravity 1.8. The suspensions were digzemsith sodium
silicate (NaSiOy) in under-deflocculated slips and fully deflocdelh
slips. The rheology characterization of slips wasducted by the
deflocculation curves and the gel curves. Thelt®eshowed that
decreasing the amount of the ball clay compositionthe slips
consumed less dosages of the dispersants. The-defiiecculated
slips tended to have a gelation rate faster tharfuly deflocculated
slips.

Keywor ds—Ceramics, Deflocculation, Gelation, Porcelain

|. INTRODUCTION

were Rheology is the study of the relationship betwebln t

applied stress and the resultant deformation otenatThe
stress may be applied in various methods ; tensile,
compression, shear, or any combination of the thr&tost
ceramic systems, especially those with colloidaé garticles,
exhibit a rheological behavior between a Newtoni@atous
fluid and a Hookean elastic solid, and exhibit begtous and
elastic characteristics. These systems are calmbelatic.
The behavior of such systems depends on the vigaoisthe
liquid, the amount of the solids, the size disttitw of the
solids, and interactions between the solid padicknd
between the solid and the liquid [2].
The viscosity of a fluid is a measure of a material

P ORCELAIN is defined as a ceramic product of densgssistance offered to the relative motion of difer parts of
white,

translucent character.
porcelain consists of a mix of kaolin, feldspar auértz. The
particle size of the raw materials for a porcelagdy should
essentially be smaller than 40 micrometer. Clasdibn of
porcelain is often made according to the firing penatures.
Porcelain fired at temperatures between 1380 a6® i@ is
called hard porcelain, whereas soft porcelain redfi at
temperature as low as 1260 [1].

As particles dispersed in a liquid, a surface chacgn
acquire. The main processes are preferential ptigorof
ions, dissociation of surface groups, isomorphibsstution
and adsorption of polyelectrolytes. Preferenti@ddaption of
ions from solution is the most common process fmamic
particles, whereas isomorphic substitution is comisnéound
in clays. In the crystal lattice, some of the @asi are replaced
by other cations of lower valence without alterthg crystal
structure for example Siions are replaced by &lor Mg?*
ions. This process leads to a deficit of positikarges, which
is balanced by other positive ions (e.g."NK' or C&")
adsorbed on the surface of the clay particles.

In case the zeta potential of clay particles iny-clater
suspension is high, there is interaction betweemtiso that
flow occurs readily, and the viscosity is low. How zeta
potentials, there is maximum interaction betweentiges,
resulting in a high viscosity. The former systesrcalled to
deflocculated slips, the latter flocculated. In ngeal
deflocculated clay suspensions are required fotingaslips.
In order to alter the state of a given systems iheécessary to
replace the existing counter-ion produces a higha petential,
clay suspensions are most frequently deflocculdigdthe
addition of sodium salts e.g. sodium silicate.
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The body of standaifle jiquid. Viscosity is defined as the ratio bétstress to the

corresponding strain rate. The stress is measnred (N/n)
and strain rate is measured in per second. Vigcoan be
given in the units Pa-s. The units mPas (millighseconds)
are most commonly used, which are equivalent tothemo
commonly used term cps (centipoises) [3]. The ftdwodies
is termed ideal or Newtonian if the viscosity isnstant,
independent of the shear rate applied. The myjarit
materials and systems included in the processingecdmic
components are non-Newtonian.

Il. EXPERIMENTAL PROCEDURE

A. Raw Materials and Sip Formation

The important raw materials for the manufacture of
porcelain are clay mineral, quartz and feldspar.t tie
beginning of the formation, the body consists 08G20 by
weight ball clay, 20% kaolin, 30% feldspar and 28fca.
The raw material compositions in the slips werdesby the
ratio of ball clay and kaolin. At first the slipgere prepared
by mixing ball clay with distilled deionized watér a high
shear mixer. During mixing deflocculant (sodiunticsite,
N&SiO;, N brand) and kaolin were added in the slurry.
convenience to adjust viscosity of slips, disperseaas diluted
to 50% weight by distilled deionized water. Afteaving slip
viscosity build up 50-100 centipoises, the slipgenv@ken to
pass screen 80 mesh. Then the appropriate addition
feldspar and silica were added and blended. Tleeifsp
gravity at the end was controlled to be 1.80 (%5G2.22),
while maintaining the appropriate ratios between ithaterial
additions. Mixing time and intensity were maintdrat a near
constant level by using a constant speed and lsiaéemixer.
Slips were allowed to age for one day before tgdtiecause of
the stability of the slurry.
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B. Rheological Characterization

The rheological characterization consisted of meéaguhe
deflocculation behaviors of the different slips ke
Brookfield viscometer (RVTD model). The slips wenixed

respectively. The chemical composition of the raaterials
was shown in Table II.

for three minutes prior to measurement. Viscositigere

measured at a 20 rpm with RV type disc spindleshe T
viscometer
instrument was started. The desired viscositie® welected
for a gel curve measurement. The under-deflocedlatips
were the viscosities of approximately 530 centipsis The
fully deflocculated slip was of approximately 186ntipoises
as shown in Fig. 1. The Brookfield gel curves web¢ained
at a low angular speed 0.5 rpm. for 20 mimutes.

readings were taken 20 seconds after the

TABLE II
CHEMICAL COMPOSITION OF THERAW MATERIALS
% BALL CLAY  KAOLIN FELDSPAR SILICA

SiO, 57.1 45,5 8.% 99.6
Al,O4 28.3 38.5 18.8 0.1
TiO, 1.9 1.7 nil trace
FeOs 0.8 0.3 0.1 trace
CaOo 0.1 trace 15 trace
MgO 0.3 trace trace acte

KO 1.3 0.1 4.1 nil

NgO 0.2 trace 7.0 nil

C 0.7 nil nil nil

LOI 10.0 135 0.1 0.2

For clarity, the slips will be classified base ohet
composition of raw materials (% weight) as showrTable

= .
S
§ TABLE Il
THE COMPOSITION BY WEIGHT OF THESLIP
SLIP A B C
Ud Ball Clay 30 25 20
ls)lgélzl;culared Kaolin 20 25 30
Dipersea Feldspar 30 30 30
Silica 20 20 20
Defl lant
S SO (ppm) 440 360 320
Fig. 1 Schematic representation of dispersion tetedted .
B. Sip Rheology

IIl.  RESULTS ANDDISCUSSIONS

A.Powder Characterization

The particle size distribution of the raw materialgs
shown in Table I. The ball clay was the finest mateused,
with the mean particle size of 1.20 micrometer. e Kaolin
average particle size was 1.80 micrometer. Thesfer and
silica were the coarsest materials with mean garsizes of
10.55 and 16.00 micrometer, respectively.

TABLE |
PARTICLE SiZE DISTRIBUTION OF THERAW MATERIALS

% PASSING (MICRON) BALL CLAY KAOLIN FELDSPAR SILICA

10 90 86 42 29
5 82 72 24 16
2 66 51 11 7
1 53 36 5 4

0.5 39 20 2 1

The specific gravity of the materials were 2.5%02.2.65,
and 2.65 for the ball clay, kaolin, feldspar, anilica,

The rheological behavior of the three slips weredeined
the deflocculation curves in Fig. 2. The minimuiscesity
was generally associated with the conception obngily
repulsive primary particles in a metastable sta®dip with a
lower concentration of dispersant was termed anemnd
deflocculted slip. The minimum viscosity for slipsspersed
with deflocculant was approximately 120 centipoigeps).
The amount of deflocculant required to achieve mimn
viscosity of slip A was 8.5xIdcc./g.clay which more than of
slip B (7.5x10° cc./g.clay) and slip C (6.2xF0cc./g.clay) as
shown in Fig. 2 because slip A had more sulfate(®@,%),
calcium ion (C&"), and magnesium ion (M§ from ball clay
than in slip B and C. These ions increased theosigy of the
slips. Schelker et al [4] reported that solubldages in the
clay influence slip viscosity. Increasing sulfatentent
augments the amount of deflocculant required
deflocculation. These divalent ion resulted in ¢oenpression
of the double layer causing reduction of zeta paen
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Fig. 2 Deflocculation curves for sodium silicatspirsant

The gel curve of each type of slip was then meabas
shown in Fig. 3 and 4. The gel curves showed ime t
dependent structural characteristics using a Bielokf
viscometer. The under-deflocculated and fully aefllted
slips were compared to examine the difference iairth
structure over time. The under-deflocculated slyasl the
viscosity of approximately 530 cps. The slips héu
viscosity of approximately 120 cps. Assuming thdlyfu
deflocculated slips.
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Fig. 3 Gel curves of slip A for sodium silicate pissant
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Fig. 4 Gel curves of slip B and C for sodium silecdispersant

All of different composition slips depicted similaehavior
of the gel curves both under-deflocculated and yfull
deflocculated slips. The gel curves showed thatviscosity
for the under-deflocculated slips increased moeegy to a

high viscosity plateau region than of the fully Idetulated
slips. The fully deflocculated slips exhibitedlaveer gelation.
The under-deflocculated slips had a faster gelataia than
did the fully deflocculated slips. This behavioaswsimilar to
that seen by J.M. Keller [3]. Keller explainedstiiehavior
that the under-deflocculated slips had a strongglomeration
in the form of clusters and chains than did thelyful
deflocculated slips as shown in Fig. 5. The fdiéflocculated
slips could form long chain-like network in the aehse of
shear. Chain structures were thought to be pexfeover
cluster as a result of a high repulsion potenti@he under-
deflocculated slips favored the formation of bothster or
particle agglomerates and network structure inahgence of
shear. Gelation continued to rise slowly over tihee which
meant aconstant flocbuild up was still occurring in the
structure.
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Fig. 5 Postulated structural model of gelation lua d¢olloidal level
for (a) underdispersed, and (b) fully dispersepiss|B]
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