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bstract

olvent mixtures of water and ethanol and water and isopropanol have been evaluated for processing of concentrated alumina suspensions. The
ddition of alcohols may increase the long-term stability of suspensions with soluble ceramic species such as magnesia, which is added as a
intering aid. A poly(acrylic acid) and a hydrophilic comb copolymer were used as dispersants for the different solvent mixtures. The aim was
o compare the stabilization efficiency at normal processing conditions, pH 9–10, through rheological measurements and to develop a robust
ystem including magnesia with long-term stability. The electrostatic stabilization of the dispersants in the different solvent mixtures was studied
y zeta potential measurements. Highly negative zeta potentials were observed for the poly(acrylic acid) at pH 9–10 in the solvent mixtures.

charge contribution was also seen from the adsorbed comb copolymer, however smaller than for the poly(acrylic acid). Low viscosity was
btained for suspensions stabilized with poly(acrylic acid) in solvent mixtures with either 25 vol% ethanol or isopropanol. Higher alcohol to
ater ratio led to flocculation of the suspension when poly(acrylic acid) was used as dispersant. Alumina suspensions with added magnesia

n isopropanol:water 25:75 and poly(acrylic acid) as dispersant showed long-term stability. The viscosity remained almost constant during 4
ays of aging. Suspensions stabilized with the comb copolymer dispersant gave stable systems with ethanol and isopropanol concentrations

etween 25 and 75 vol%. The superior dispersing efficiency of the comb copolymer at alcohol contents above 25 vol% was believed to origi-
ate from steric stabilization in combination with low effective particle size, giving low viscosity through lower apparent solid contents of the
uspension.

2008 Elsevier Ltd. All rights reserved.
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. Introduction

Many ceramic forming-processes involve the preparation of
ighly concentrated powder suspensions prior to the shaping
tep. High solid loading is desirable since it normally promotes
igh shaped density and, therefore, reduces stresses induced by
arge shrinkage during drying and sintering.1 The stability and
heological behavior of the suspension are important for the
nal quality of the ceramic component. A well-dispersed system
ith low viscosity will enable proper mould-filling and result in

ense/homogeneous compacts in casting operations. Voids from
ir entrapment can be avoided by low viscosity and good wetting
erformance. Furthermore, milling of the powder suspension

∗ Corresponding author. Tel.: +46 70 7806277; fax: +46 31 276130.
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inimizes defects due to poor deagglomeration. After milling,
he particles should be stabilized by electrostatic and/or steric
ispersants to remain separated.

Owing to environmental and health aspects there is a need
or using non-organic solvents in the ceramics industry today.
hus, for many established and novel shaping techniques for
eramics such as slip casting, tape casting and gel casting,
ater-based systems with acceptable performance have been
eveloped.2–7 However, there are a few drawbacks of using water
o replace common organic solvents. The high surface tension
f water results in poor cavity filling in moulds, problems with
ir entrapment as well as deformations of ceramic tapes due to
oor wetting of the carrier during tape casting. Moreover, many

eramic materials show substantial solubility and/or reactivity in
ater. The dissolved species may cause inhomogeneous chem-

cal composition of the final material, as they will precipitate
t the surface of the components during drying. They may also

mailto:ola.lyckfeldt@swerea.se
dx.doi.org/10.1016/j.jeurceramsoc.2008.07.061
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estabilize the suspensions through increased ionic strength, and
ven react with other additives in the suspension. One example is
queous processing of barium titanate, which is used for multi-
ayer capacitors for high frequencies. The Ba2+ ions will dissolve
electively, and the divalent ions increase the ionic strength of
he suspension. The selective dissolution also changes the sur-
ace properties of the remaining powder by changing the zeta
otential. Furthermore, the dissolved barium ions tend to react
ith some water soluble polymers that are often used as binders,

nd create cross linking.8 Another example is when magnesia
s used as a sintering aid to obtain high sintered densities in
lumina components. It is known that aqueous suspensions of
lumina and magnesia often show low stability,9,10 which is
ttributed to high dissolution rates of divalent Mg2+ ions. Some
f these problems may be overcome by using solvents that are
nvironmentally acceptable yet have lower surface tension than
ater and suppress dissolution of ceramic powders. Alcohols
ith low molecular weights are interesting, as they have low

oxicity, low surface tension and medium polarity. They are
ot new in ceramic processing, although very few studies of
ater-based solvent mixtures are reported. Successful process-

ng of barium titanate in water and 22 vol% isopropanol11 as
ell as the use of water and 1,2-propanediol for dispersions
f nano-sized zirconia12 has been described. The use of pure
lcohols in milling operations prior to granulation and dry-
ng gives a highly fluid powder, resulting in high compaction
ensity in the subsequent pressing operation compared to
ater.
Furthermore, the properties of the dispersant must be taken

nto account in ceramic processing. The stabilization effi-
iency of poly(acrylic acid)s as dispersants for aqueous ceramic
ystems is well established.13–16 The ionic strength of the sus-
ension affects the efficiency of commonly used polyelectrolyte
ispersants, which act mainly by electrostatic stabilization.
hey are very effective at moderately high ionic strengths, but

hey may loose some of their electrostatic repulsion ability at
igh salt concentrations due to counter ion screening of the
harges.17,18

Moreover, when alcohols are used as solvent, their low per-
ittivity leads to compression of the diffused double layers of the

articles. Thus, electrostatic stabilization may not be effective,
lthough high zeta potentials have been reported for alumina
ispersed in ethanol at low concentrations.19 However, in sus-
ensions with high solid-loadings, the ceramic particles are
echanically forced close to each other. This may lead to insta-

ility in suspensions that are stabilized by electrostatic repulsion
nly,16 since the electrostatic double layers of the particles begin
o overlap when the particles are forced together. Due to this, the
fficiency of commonly used polyelectrolyte dispersants such as
oly(acrylic acid)s may be reduced. Instead, a dispersant with
he possibility of providing steric repulsion may be more effi-
ient. Steric stabilizers are often block copolymers, with the
ackbone adsorbing strongly to the surface to be stabilized, and

ith grafted chains as brushes that move freely in the solvent.20

on-ionic comb copolymers are relatively insensitive to high
onic strengths, and may be efficient stabilizers in highly con-
entrated ceramic suspensions. Adsorbed on alumina in water,

2

t
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hey have shown to provide steric stabilization.21 Dispersion
tability was also observed with a comb copolymer for barium
itanate in water/isopropanol mixture.11

The aim of this study has been to evaluate the rheological
nd wetting behavior of solvent mixtures of ethanol/water and
sopropanol/water. Alumina suspensions were prepared with a
oly(acrylic acid) as well as a comb copolymer with grafted
oly(oxyethylene) chains as dispersants. Charge properties of
lumina particles with adsorbed dispersants were studied by zeta
otential. Stability of suspensions was evaluated by viscosity
easurements at different alcohol/water ratios. A stable system

ased on alcohol/water as solvent was developed for alumina
uspensions with addition of magnesia.

. Experimental procedure

.1. Materials

Alumina powder (AKP30, Sumitomo Chemicals Ltd., Japan)
as used as received for all rheological experiments. The powder
as a mean particle diameter of 270 nm and a specific sur-
ace area of 6.8 m2/g. Deionized water, 99.5% ethanol (Kemetyl
B, Sweden) and analytical grade isopropanol, 99.8% (Ana-

ytic grade, Merck KGaA, Germany) were used as solvents. The
ispersants were commercial products provided by the man-
facturers. They were used as received. The poly(acrylic acid)
Dolapix PC21, Zschimmer & Schwartz GmbH & Co, Germany)
s linear with NH4

+ as counter ion and has a molecular weight
f about 4500. A hydrophilic comb copolymer with a poly-
ethylmethacrylate anchor chain and grafted poly(oxyethylene)

hains (Hypermer KD7, Uniqema Chemie BV, Netherlands) and
molecular weight of 3000 was also used.

.2. Viscosity measurements

Samples with 50 vol% alumina for rheological evaluations
ere prepared by ball-milling for 24 h in plastic containers with
i3N4 balls. The suspensions were equilibrated on a magnetic
tirrer prior to characterization. The processing experiments
ere done at the natural pH 9.5 ± 0.5 of the suspensions. For

ong-term stability experiments, 0.05 wt% magnesia based on
olid matter was added to the suspensions before milling. Rhe-
logical characterization of suspensions was done at steady
hear conditions. Viscosity was measured in a rotational stress
ontrolled rheometer (StressTech, Reologica Instruments AB,
weden) with cup and couette at different shear rates. The
amples were pre-sheared at 400 s−1, at rest for 60 s, and then
quilibrated at each shear rate for 60 s followed by a measure-
ent period of 60 s. For pure solvent mixtures the viscosity
as determined with a viscosimeter (Rheomat 30, Contraves,
witzerland) equipped with a measure device (MS-0) with a
ouble gap.
.3. Zeta potential and surface tension measurements

Samples with 1 vol% alumina in different solvent mix-
ures and 0.01 M KCl as background electrolyte were prepared
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y ball-milling for 24 h in plastic containers with Si3N4
alls. pH adjustments were done with analytical grades of
aOH and HCl. Zeta potential measurements were done
ith an Acoustosizer (Matec Applied Sciences) by means
f electrokinetic sonic amplitude, ESA. Details about the
echnique can be found elsewhere.22 The dynamic mobility
as measured by means of automatic titration between pH
2 and 2.

Surface tension was measured with a Wilhelmy plate
et-up.

. Results and discussion

.1. Structures of the dispersants used

The structures of the dispersants are schematically illustrated
n Fig. 1. The poly(acrylic acid) has a molecular weight of
500 and NH4

+ as counter ion. NMR analysis indicates that
he comb copolymer is a copolymer between methacrylic acid
nd ethoxylated hydroxyethylmethacrylate. The mass of the
oly(oxyethylene) (PEO) chains constitutes about 60% of the
otal molecular mass of 3000.

.2. Surface tension

The surface tension was measured for a solvent mixture with
5 vol% isopropanol and found to be 28 mN/m, i.e. close to the
alue 21 mN/m for pure isopropanol, and considerably lower
han 73 mN/m for water. Low surface tension of 33 mN/m was

lso observed in a suspension prepared with 50 vol% alumina in
5% isopropanol. Hence, the wetting properties can be expected
o improve considerably for solvent mixtures already at moder-
te alcohol addition.

ig. 1. Schematic drawing of the structure of (a) ammonium salt of poly(acrylic
cid) and (b) poly(methyl methacrylic acid)-graft-poly(oxyethylene) comb
opolymer.
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ig. 2. Relative viscosity at 1 s vs. amount of added poly(acrylic acid) (PAA)
or suspensions with 50 vol% alumina in solvent mixtures of water and either
sopropanol (IPA) or ethanol (EtOH).

.3. Optimization of amount of dispersant by viscosity
easurements

In order to compare the relative efficiency of the dispersants
or different solvent mixtures, the rheological response is shown
s relative viscosities in the optimization experiments presented
n Figs. 2–4. The relative viscosity was calculated from experi-

ental data of the steady shear viscosity divided by the viscosity
f the pure solvent mixture. The equilibrium viscosities for the
ure solvent mixtures are shown in Table 1, and are in close
greement with literature values.23 A viscosity maximum is

bserved for the alcohol/water ratio of approximately 1 for both
thanol and isopropanol. Hence, a corresponding influence on
he viscosity of a powder suspension can be expected.

ig. 3. Relative viscosity at 1 s−1 vs. amount of added comb copolymer
PMMA-PEO) for suspensions with 50 vol% alumina in solvent mixtures of
ater and ethanol (EtOH).
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ig. 4. Relative viscosity at 1 s−1 vs. amount of added comb copolymer
PMMA-PEO) for suspensions with 50 vol% alumina in solvent mixtures of
ater and isopropanol (IPA).

The optimum dispersant concentration is the one that gives
he lowest suspension viscosity. At that concentration, coverage
f the surfactant in a monolayer is considered,24 the parti-
les are effectively kept apart and high fluidity is obtained. At
ower dispersants concentration the surface is not fully covered
y surfactant. Then flocculation may occur due to attraction
etween positively charged bare surface patches and negatively
harged surfaces with adsorbed polyelectrolyte. On the other
and, excess of dispersant can cause flocculation due to bridging
r depletion effects, leading to increased viscosity.

.3.1. Poly(acrylic acid) (PAA)
Fig. 2 shows relative viscosities vs. amount of added

oly(acrylic acid) for suspensions with 50 vol% alumina in
olvent mixtures with either 25 vol% ethanol or 25 vol% iso-
ropanol. At higher additions of alcohol the suspensions became
nstable with poly(acrylic acid) as dispersant, and could not
e processed due to flocculation. As seen, the lowest viscos-
ty levels are obtained with 0.35 wt% poly(acrylic acid) for
he ethanol and in the range of 0.35–0.40 wt% for the iso-
ropanol mixture. The relative viscosity level of the suspension
ith ethanol is already close to that of water with 0.25 wt% of
oly(acrylic acid) (also shown in Fig. 2), which has previously
een shown as an optimal amount in water.21 At the optimal

ispersant level for the alcohol mixtures, the relative viscosity
s clearly lower than with pure water at similar dispersant con-
entration. With 25% isopropanol, the viscosity level is even
ower than with the pure water system at its optimal dispersant

able 1
quilibrium viscosities for solvent mixtures without ceramic powder

lcohol concentration (vol%) in
lcohol/water mixture

Equilibrium viscosity (mPa s)

Ethanol Isopropanol

0 1.0 1.0
5 2.2 2.5
0 2.5 3.8
5 2.2 3.3
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oncentration, indicating a highly dispersed suspension. Here,
t could be expected that the charges would be less effective
ue to less extended double layers as well as lower dissoci-
tion, since the solvent mixture has lower dielectric constant
han water.25 However, considerable electrostatic repulsion has
een observed previously for alumina in ethanol, which is less
olar than water.19 Moreover, the poly(acrylic acid) will have
igher affinity for the particle surface in alcohols compared to
ater due to lower solubility, which would lead to a higher
umber of ionizable groups at the surface. Thus, more efficient
dsorption of the poly(acrylic acid) in the mixed system could
ontribute to electrostatic stabilization. Moreover, steric repul-
ion is possible if the adsorbed dispersant is extended in a loop
onformation at the surface rather than in a flat adsorption.17 Flat
dsorption is expected in water, but lower dissociation degree
n alcohol mixtures would favor the formation of loops. The
xtension of loops from the surface in combination with denser
acking could give steric repulsion in addition to the electrostatic
tabilization.

.3.2. Comb copolymer (PMMA-PEO)
The results from relative viscosity measurements vs. added

mount of comb copolymer dispersants are shown in Fig. 3 for
olvent mixtures of water and ethanol and in Fig. 4 for water
nd isopropanol mixtures. Clearly, stabilization is obtained in
lcohol mixtures with this dispersant, as it was possible to pro-
ess well dispersed suspensions with low viscosities both at
0 and 75 vol% alcohol for both systems, in contrast to the
oly(acrylic acid) suspensions. The figures also show that the
iscosity for pure water suspensions stabilized with this comb
opolymer is very high, and thus, the dispersant is not efficient
n water. Both the relative viscosity and the amount of dispersant
eeded to obtain low viscosity decrease with increased ethanol
oncentration, as seen in Fig. 3.

The amounts giving the lowest viscosities are in the range of
.7 wt% for mixtures with 25 vol% ethanol and 0.5 wt% for both
0 and 75 vol% ethanol. As seen in Fig. 4, the optimum amounts
f comb copolymer are around 1.0 wt% for both 25 and 75 vol%
sopropanol, whereas for 50% ispropanol/water mixture about
.5 wt% is needed.

The superior performance of the comb copolymer at high
lcohol concentrations compared to the poly(acarylic acid) may
e explained by the steric stabilization possibility from the
xtending poly(oxyethylene) chains. In water, the extension of
hese chains may not be long enough to overcome the van der

aals attraction between the particles, and thus, stabilization
s insufficient. However, as the alcohol concentration increases,
he van der Waals attraction decreases, since it depends on the
amaker constant which is lower in less polar media due to the

ower dielectric constants.12 Therefore, it may be possible for
he extending chains to give sufficient steric repulsion.

.4. Suspension viscosity with optimized amount of

ispersant

For industrial processes, the actual viscosity of a ceramic
uspension is more important than the relative viscosity values
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ig. 5. Viscosity at a shear rate of 1 s−1 vs. alcohol concentration for 50 vol%
lumina suspensions with optimized amounts of poly(acrylic acid) (PAA) and
omb copolymer (PMMA-PEO) in various solvent mixtures.

sed for the optimization above. In contrast to relative viscos-
ty values, the suspensions viscosity will be higher for a mixed
ystem with higher alcohol concentration compared to a pure
ater system. This is shown in Fig. 5 for alumina suspensions
ith the different solvent mixtures stabilized with optimized

mounts of either poly(acrylic acid) or comb copolymer. From
he figure it is clear that the lowest viscosity is obtained with a
oly(acrylic acid) as dispersant for pure water and for 25 vol%
sopropanol/water. However, this dispersant did not give stable
ystems at higher alcohol concentrations due to flocculation. If
ore alcohol is needed in the system due to, for example, high

issolution rate of the ceramic powder, it is still possible to obtain
highly dispersed system by using the comb copolymer as dis-
ersant. However, the viscosity for such a system will be higher
han the corresponding system with pure water or 25% alco-
ol and poly(acrylic acid). All of the suspensions have viscosity
evels low enough to be successfully processed in for example
tape casting operation.

.5. Long-term stability of alumina suspensions with
agnesia

Magnesia is often added to alumina suspensions as a sintering
id to suppress grain growth. However, Mg2+ dissolves selec-
ively in water-based systems, which increases the ionic strength
nd gives low long-term suspension stability9,10 as well as inho-
ogeneous chemical composition. For industrial purposes it is

ot only important to have low viscosity, but also that the pro-
ess parameters are constant over time, i.e. the viscosity should
ot change. Here, the possibility of increasing the stability by
dding alcohol was studied. The system with the highest stabil-
ty from the optimization experiments, i.e. 25-vol% isopropanol
nd 0.35-wt% poly(acrylic acid) was compared to an optimized

ater suspension with 0.25 wt% poly(acrylic acid). Fig. 6 shows

he results from aging experiments of 50 vol% alumina suspen-
ions with additions of 0.05 wt% magnesia (MgO). As shown,
he initial viscosity level, directly after preparation, is low for the

s
e
b

ig. 6. Steady shear viscosity at 1 s−1 of 50 vol% alumina suspensions with and
ithout addition of 0.05 wt% magnesia in water and 25 vol% isopropanol/water.

ater-based systems, and no negative effect of magnesia addi-
ion is observed. The viscosity for the suspension containing
sopropanol is higher than the water systems, and the addition
f magnesia has a negative influence. After 4 days of aging,
he viscosities for suspensions with isopropanol are very sim-
lar to the initial values. However, the viscosity has increased
onsiderably for the water-based system, containing magnesia,
nd a slight increase is also seen in water without the addition
f magnesia. Hence, by adding a relatively small amount of
he low molecular weight alcohol, the long-term stability of the
uspensions can be increased.

.6. Zeta potentials of alumina in solvent mixtures

.6.1. Without adsorbed dispersants
Zeta potentials were calculated from measured dynamic

obility values according to the Smoluchowski equation26

= ξε

η
(1)

here μ is the dynamic mobility, ξ is the zeta potential, ε is
he permittivity of the solvent and η is the solvent viscosity.
or the calculations, input values of viscosity of the mixtures
ith different alcohol/water ratios were measured (Table 1), and

he dielectric constants were estimated by linear extrapolation
rom literature values of the pure solvents.23 In systems with
ifferent solvent mixtures, the zeta potential will increase with
ncreasing solvent viscosity as well as decreasing permittivity of
he solvent. Moreover, the dissociation degree of the background
lectrolyte may vary slightly for the different solvent mixtures,
hich leads to small variations in ionic strength. Thus, in this

tudy, general trends of the different systems were compared,
ather than absolute values of the zeta potentials.
In Fig. 7 the zeta potentials of pure alumina suspended in
olvent mixtures of water and isopropanol are shown. The iso-
lectric point (iep) for pure alumina in water was found to
e approximately 8.1, which is in agreement with previous



1074 O. Lyckfeldt et al. / Journal of the European Ceramic Society 29 (2009) 1069–1076

F
p

r
n
w
s
s
i
o

v
f
t
9
A
f
A
a
f
m
i
r

3

o
c
a
t
p
o
f
c
a
i
c
v
a
t

Fig. 8. Zeta potentials of alumina with adsorbed poly(acrylic acid) and comb
c
f

a
t
t
c
a
i
w
a
o
m
a

3
s

e
g
b
s
m
i
H
l
s
t
o
d
s
v
w
c

ig. 7. Zeta potentials of pure alumina in solvent mixtures of water and iso-
ropanol. Titration conducted from high to low pH.

eports.27 High zeta potentials are observed at high and low pH,
ot only for the water system but also for the solvent mixtures
ith isopropanol. Earlier studies of alumina in pure ethanol have

hown similar, high zeta potentials far from the iep.19 A small
hift in the isoelectric point towards higher pH is observed with
ncreasing alcohol concentration, also in agreement with earlier
bservations.19

Previous studies have shown that high stability in terms of low
iscosity can be obtained with alumina in pure ethanol at pH far
rom the iep without the addition of dispersants.19 However, in
he system presented here, the normal processing pH is around
.5, i.e. fairly close to the shifted iep in the alcohol mixtures.
zeta potential of at least ±30 mV is said to be a requirement

or electrostatic stabilization without the need for dispersants.28

s the iep shifts towards higher pH in the mixtures containing
lcohol, the zeta potential without dispersants becomes too low
or efficient stabilization at pH 9–10. A reliable industrial system
ust be insensitive to small changes in pH, and thus a dispersant

s added to improve the stabilization by electrostatic and/or steric
epulsion.

.6.2. With adsorbed dispersants
Fig. 8 shows zeta potentials for alumina in solvent mixtures

f isopropanol and water with adsorbed poly(acrylic acid) and
omb copolymer. It can be seen that both the poly(acrylic acid)
nd the comb copolymer shift the isoelectric point of alumina
o lower pH, which is a clear indication of adsorption of dis-
ersant onto the alumina surface. The strongest shift in iep is
bserved for the poly(acrylic acid), to pH 4.6 for water and 5.0
or water/isopropanol. The slightly higher iep for the alcohol
ontaining system is consistent with the observations for pure
lumina in Fig. 7. High zeta potential is observed far from the
ep. The poly(acrylic acid) will be less dissociated in alcohols

ompared to water, and one may then expect lower zeta potential
alues. However, the poly(acrylic acid) has lower solubility in
lcohol compared to water,29 and will thus adsorb more strongly
o the oxide surface in a suspension containing alcohol. This was

t
e
v
7

opolymer in solvent mixtures of water and isopropanol. Titration conducted
rom high to low pH.

lso found in the optimization step, where 0.35 wt% PAA gave
he lowest viscosity for both ethanol and isopropanol compared
o 0.25 wt% PAA in water (Fig. 2). More adsorbed PAA could
ounteract the lower charge due to lower dissociation degree,
nd thus result in retained high zeta potential. The shift in iep
s less-pronounced for alumina with adsorbed comb copolymer,
ith new isoelectric points of 6.5 for the water-based system

nd 7.4 with 50% IPA. Interestingly, fairly high zeta potential is
bserved near processing pH of 9–10 also for the comb copoly-
er, which brings a possibility for electrostatic interaction in

ddition to steric repulsion.

.7. Effective particle size with comb copolymer in different
olvent mixtures

The solubility of PEO chains is progressively poorer in
thanol and isopropanol compared to water due to less hydro-
en bonding and polar interactions.30 Thus, the PEO chains can
e fully stretched in water, whereas in ethanol and even more
o in isopropanol, the chains will adopt a more coiled confor-
ation at the oxide surface. The less extended conformation

s expected to decrease the possibility for steric stabilization.
owever, less extended chains will give a thinner dispersant

ayer, which could be beneficial in a highly concentrated particle
uspension. The reduced thickness will give a smaller effec-
ive particle size,31 resulting in lower apparent solids content
f the ceramic suspension. This could account for the observed
ecrease in viscosity at higher alcohol concentrations for the
uspensions stabilized with the comb copolymer. Moreover, the
olume of solvent associated with the comb copolymer layer
ill be lower for ethanol, and in particular for isopropanol,

ompared to pure water systems.30 This will also contribute

o a smaller hydrodynamic particle diameter and thus, smaller
ffective particle volume. The proposed effect of decreasing sol-
ency of the PEO chains is illustrated in Fig. 9. However, above
5% alcohol, the dispersant layers collapse and the stabilization
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ig. 9. Illustration of proposed reduction in effective particle size with increasing
lcohol content for the comb copolymer dispersant.

roperties are lost due to insufficient solubility. This results in
occulation.

. Conclusions

In this study, solvent mixtures of water and ethanol and water
nd isopropanol have been evaluated for processing of con-
entrated alumina suspensions. Adsorption of both poly(acrylic
cid) and a comb copolymer on alumina was evident from shifts
n the isoelectric point to lower pH for both dispersants. It was
lso shown, that stable, concentrated alumina suspensions with
ow viscosity can be achieved with the poly(acrylic acid) disper-
ant in solvent mixtures of water and up to 25 vol% ethanol or
sopropanol. Alumina suspensions with added magnesia in sol-
ent mixtures of water and 25% isopropanol and poly(acrylic
cid) as dispersant showed long-term stability. The viscosity
emained almost constant during 4 days of aging.

Furthermore, the comb copolymer showed superior stabiliza-
ion properties to the poly(acrylic acid) for solvent mixtures
ith alcohol concentrations above 25 vol% for both ethanol and

sopropanol.
The proposed reason for this is that the lower solubility of the

EO chains at higher alcohol contents allows for a more coiled
onformation at the surface, with retained stabilization prop-
rties. The less-extended conformation of the polymer chains
eads to reduced effective particle size and hence, low viscosity
hrough lower apparent solid content in the suspension. As a
esult of this study, it was concluded that the addition of moder-
te amounts of low-molecular weight alcohols could increase the
ong-term stability of suspensions with soluble ceramic species
uch as magnesia. This is important in ceramic applications
here high solid-loadings are used, and at the same time low vis-
osity is required for successful processing. Moreover, emerging
echniques for the production of ceramic powders in the nano-
ize range will increase the demand for smaller dispersants that
inimize the effective particle diameters with simultaneous high

1

1
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ispersing efficiency. For such systems, the short comb copoly-
er may provide steric stabilization in solvent mixtures of water

nd alcohols.
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