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Preparation of alumina by aqueous gelcasting
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Abstract

The alumina ceramic was prepared by aqueous gelcasting. The effects of zeta potentials, solid loading, dispersant content and milling time
on the alumina suspension were studied systematically. The dispersant content has remarkable effects on the viscosity of the suspension
The appropriate dispersant concentration for alumina aqueous slurry with the solid loading of 55vol.% is 0.6 wt.%. It can be seen that all
suspensions (50-56 vol.% solid loading) exhibited a shear-thinning behavior and relatively low viscosity, which was suitable for casting. The
degree of shear thinning and the viscosity at high shear rates increased with increasing volume fraction of solid. As the milling time prolongs,
viscosity of the suspension decreases first, then the plateau appears and the average diameter keeps changeless. When the milling time we
shorter than 20 h, the viscosity of slurries decreased gradually as the time of milling increased. After 20 h milling, the viscosity of the slurry
tended to be consistent. Therefore, the ball milling time should be equal to or more than 20 h to obtain a stable suspension at equilibrium. The
time available for casting the slurry (idle time) can be controlled by the amounts of initiator and catalyst added to the slurry as well as by the
processing temperature. Micrograph of the gelcast green body was homogeneous.
© 2004 Published by Elsevier Ltd and Techna S.r.l.
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1. Introduction (AM) and methylenebisacrylamide (MBAM) are commonly
used to make monomer solutiofis-3].

Gelcasting is an attractive new ceramic forming process According to the previous studi¢$,2], the composition
for making high-quality, complex-shaped ceramic bodies of monmer solution, the amounts of initator and catalyst ad-
[1-5]. In this process, a ceramic powder slurry is prepared ditions, and the temperature, humidity of drying atmosphere
with a water-based monomer solution and then polymerized are important processing parameters to be controlled for op-
in situ after casting into a mold, producing a macromolecu- timum gelcasting. In this paper, the results of our investiga-
lar network to hold the ceramic particles together. It is not tion on preparation of aqueous alumina slurries with high
limited to use with any particular ceramic powder because loading were reported, and the effect factors of aqueous alu-
the processing additives are all organic and leave no cationmina slurries were studied.
impurities behind in the fired part. Distinct advantages of the
gelcasting over the conventional ceramic forming process
such as dry pressing, slip casting, tape casting, and injection2, Experimentmal procedure
molding are near-net-shape forming, high green density, low
levels of organic additives, and machinability in the green 2.1. Materials
state due to a high strengfh,2].

Both non-aqueous and aqueous solvents can be used gel- The alumina powder used here was a commercial grade,
casting. But aqueous system is preferred because the use afhich was producted by Zibo aopeng Co. Ltd. in China.
water as the solvent has many advantages, e.g. less departuigig. 1shows an SEM micropraph of alumina powders. It can
from traditional ceramic processing and no environmental pe seen that the average size of the powder wagrh.OThe
problems for disposal. In the aqueous gelcasting, acrylamidechemical composition of the powder is showable 1 The

average ratio of surface area of alumina powder is 4#gm
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Fig. 1. SEM micrograph of alumina powders.

acrylamide, GH3CONH, (AM), and difunctional, N,N-
methylenebisacrylamide, (E3CONHLCH, (MBAM).
These monomers were dissolved in deionized water to
give premix solution. The premix solution undergoes
free-radical-initiated vinyl polymerization in the presence

of an initiator such as ammonium presulfate, (Y&0s. | Drying |> Machining
The reaction is acceleeeeerated by heat or by the catalyst ‘
N,N,N,N-tetramethylenediamine (TEMED). The resulting |:¢:|<
cross-linked polymer is an elastic hydrogel that serves as Binder @

the binder.

2.2. Procedure Sintering

. . . Fig. 2. Gelcasting process of alumina flow chart.
The gelcasting process flow chart is shownFig. 2

The monomers were dissolved in deionized water to make

solution with a composition of 2.5wt.% AM, 0.125wt.% by a rotary rheometer (RV-30, US). The dried green body
MBAM. Gelcasting slurries were prepared by ball-milling was cut into sample bars of 6 mm5mm x 36 mm. The

the alumina powder in the monomer solution. JA282 (Bei- sintered plate was cut into samples of 3 v mm x

jing Institute of Aeronautical Materials, Beijing, China), 36 mm and then polished. Their room temperature mechan-
0.5wt.% were added as a dispersant for the alumina pow-ical strength was examined by three-point flexure test with
ders. In the slurries, the solid loading was about 55vol.%, space of 30 mm (crosshead speed of 0.5 mm/min). The mi-
and the total amount of organic monomers was 3.2wt.% croscopic morphology was observed by SEM (Jonel-2000).
for the powder. Both the initiator, 1 wt.% aqueous solution

of ammonium persulfate, and the catalyst, TEMED, were

added just before casting into a mold. After gelation, the 3 Reqults and discussion

disk-shaped samples were demolded and dried in lab atmo-

sphere. 3.1. Effects of pH on zeta potential of alumina suspension

2.3. Properties measurement The zeta potentials at different suspension pH were mea-
sured, as shown ifrig. 3. When dispersant is added, the
Zeta potentials at different suspension pH were measuredisoelectric points (pip-value) were decreased from 3.2 to
by zeta potential meter. The rheological properties of the 5.3 At low pH, far from phkp-value, the alumina particles
gelatine solution and mixed ceramic slurry were measured haye a high positive zeta potential and are colloidally stable.
In the vicinity of the phkp, the particles have a low zeta po-

Table 1 tential which may either positive (pkt pHiep) or negative
Chemical composition of alumina powders (pH > pHiep), suspensions prepared within this region are
Al,O3 Sio, Fe03 Na,O K,0 colloidally unstable and consist of large agglomerates that

are likely to lead to porous gelcast ceramics. At high pH,

>99.8% 0.01 0.005 0.005 0.005 . . )
i = = = = far from pHep-value, the particles have a high negative zeta
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. It is well known that the dispersant capability, which is a

20 .

ol T goew'ti/poe(;;';rsam polyunsaturated ester molecule, is not only due to steric sta-
R bilization, but also the state of dispersant in the surface of
E—)

. the particles. The three states of dispersant in the surface of
101 \ the particles are shown iRig. 5. When the state of disper-
\ T~

20 sant in the surface of the patrticles is saturated adsorption,

30k . .\_\ the dispersant capability can exert well, both unsaturated
ol \.\ adsorption and over-saturated adsorption are bad to the dis-

persing of particles in the solvent.

Zeta potential(mV)

50

B~ "3 4 5 6 7 & 9 10 u 3.2.2. Effect of solid loading on the slurry rheology

pH Fig. 6(a)gives the plots of apparent viscosity versus ap-
plied shear rate of stable suspensions after milling for 24 h.
It can be seen that all suspensions (50-56 vol.% solid load-
ing) exhibited a shear-thinning behavior and relatively low
viscosity, which was suitable for castingig. 6(b) shows

the plots of shear stress versus the applied shear rate of sta-
ble suspensions after milling for 24 h. It can be seen that
50-56 vol.% suspensions do not possess a thixotropy hys-
teresis.

Concentrated colloidally stable suspensions exhibited
shear-thinning behavior in steady shear because of a pertu-
bation of the suspension structure by shi@16]. At low
shear rates, the suspension structure was close to equilib-
rium because thermal motion dominated over the viscous
forces. At higher shear rates, the viscous forces affect the
suspension structure and shear thinning occurred. At very
Fig. 4. Variation of slurry viscosity with dispersant concentration. high shear rates, the viscous forces dominated and the vis-

cosity plateau measured the resistance to flow of a suspen-

potential and are colloidally stable. The profilesFiy. 3 sion with a completely hydrodynamically controlled struc-

can provide better colloidal stability. shear rates increased with increasing volume fraction of
solid.

Fig. 3. Zeta potentials of alumina as a function of pH.
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3.2. Rheology
3.2.3. Effect of milling time on the slurry rheology

3.2.1. Effect of dispersant on the slurry rheology Typical plots of apparent viscosity versus different times
We have selected JA281 as dispersant of the alumina aqueef ball milling for different volumes fraction of solid are
ous slurry. The effects of dispersant content on the rheology given in Fig. 7. The appropriate milling times are dif-
of slurry are shown irFig. 4. It is observed from the figure  ferent for the suspensions with different solid loading.
that the viscosity of the slurry shows a minimum at a partic- For the suspension with 56 vol.% solid loading, when the
ular dispersant concentration beyond which, the slurry vis- milling time was shorter than 20 h, the viscosity of slurries
cosity increases again. Therefore, the appropriate dispersantlecreased gradually as the time of milling increased. It

concentration for alumina aqueous slurry is 0.6 wt.%. showed that the absorption of the dispersant on particles
B¢l &
O o) O O O
@ (b) (c)

Fig. 5. The state of dispersant in the surface of the particles. (a) Unsaturated adsorption, (b) saturated adsorption, (c) over-saturated adsorptio
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Fig. 9. Idle time as a function of initiator content and temperature.

3.3. Gelation

did not reach equilibrium and the suspension was unstable
until the ball milling time is equal to or more than 20h.
After 20.h milling, the viscosity of the. S'“Try tended to In the present study, the initiation of polymerization
be consistent. Therefore, the ball milling time should be . . . ; .

in premixes was determined by changes in solution tem-

equal to or more than 20 h to obtain a stable suspension at . o .
perature, since the reaction is exothermic. The process

3.3.1. The effect of initiator, catalyst and temperature on
gelation rate

equilibrium. . . . : .
q was monitored in terms of idle timeige, the time be-
tween the addition of the initiator, or the initiator/catalyst,
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(a)

Fig. 11. Micrograph of gelcast green bodies. (a) Edge section, (b) center section.

and the commencement of polymerization. This is equiv- alyst added to the slurry as well as by the processing
alent to the time available for casting the slurry during temperature.

processing.Fig. 8 shows the change in temperature of (5) Micrograph of gelcast green body were homoge-
a premix solution during gelation and indicates the idle neous.

time. The idle time can be controlled by the concentration

of the reagents, and the temperature. Idle time generally

ranged from 5 to 60 mirFig. 8 shows the variation of idle  References
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