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ABSTRACT

Alumina bushing used for manufacturing glass fiber was fabricated by gel-casting which can fabricate complex forms. When

solid loading is increased, density was increased and shrinkage and absorption were decreased. The sample loading with 57 vol%

solid was optimum for alumina suspension, which showed the best physical properties. The cast sample was sintered at 1550oC

for two hours with sintering additive, Y
2
O

3
. The result showed that the alumina bushing with Y

2
O

3
 sintering additive has a den-

sity of 98%, shrinkage of 11% and bending strength of 196 kg/cm2.
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1. Introduction

el-casting of the various ceramic manufacturing tech-

niques has been recognized as a very high potential

process with the following advantages: controllable gelation

time, green bodies with high mechanical properties, low

shrinkage during firing and sintering processes, and capabil-

ity of processing complex forms and near-net-shape ceramic

parts. But, there are disadvantages which were complex pro-

cessing difficulties such as : removal of organic materials and

catalyst, phase transformation, crack formation during

removal process of organic materials and limited mold size.1-7)

The main steps of gel-casting process are as follows: first, the

ceramic powder with small quantities of gel initiators, catalyst,

monomers, dimer and sintering aids is thoroughly mixed to

form a homogeneous suspension with high solid volume load-

ing and low viscosity. Second, gelation is initiated after the

suspension is cast into a non-pore mold and the temperature is

elevated. Thus the three dimension network structure result-

ing from the in-situ polymerization holds the ceramic particles

together. Finally, after unmolding and drying, mixture is sin-

tered. It exhibits good mechanical properties.8)

The size of starting powders, composition of monomer

solution, the amounts of initiator, catalyst and dispersant

additions, the burn out schedules, the solid loading of the

suspension, and the temperature and humidity of drying

atmosphere are important processing parameters to be con-

trolled for an optimum gel-casting process.2,4,5,7-19)

In this study, an alternative to the expensive Pt-Rh bushing

used in the manufacture of glass fiber, alumina bushing which

has good oxidation resistance, chemical and thermal stability,

high electrical resistivity and low cost was fabricated by gel-cast-

ing. We studied effect of sintering additives on mechanical prop-

erties of alumina bushing. In addition, the effect of amount of

solid loading, and deformer in the suspension were also studied.

2. Experimental

The starting alumina powder, AES-11(0.32 µm) was used

in this study. Characteristics of organic additives, such as

monomer, dimer, dispersant, deformer, initiator and cata-

lyst are summarized in Table.1.

Fig. 1 shows the experimental procedure of the gel-casting

process. Alumina suspensions were prepared as follows;

first, 96.4 wt% of alumina powder, 3 wt% of monomer and

0.6 wt% of dimer were put in deionized water. They were

then 1st mixed with a ball-mill for 2 h. After finishing ball-

milling, dispersant was added in 1st mixed suspensions. The

amount of added dispersant was 0.2 wt% to the suspension.

The mixture was 2nd mixed with a ball-mill for 6 h. Next,

initiator and catalyst were inserted at 4 ml/kg and 0.1 ml/kg

G

Table 1. Characteristics of Materials

Clarification Reagent name Degree of purity (%)

Monomer Acrylamide 98.5

Dimer N,N.-Methlyenbisacrylamid 96

Dispersant SN44S 43

Deformer DARVAN C 25

Initiator Ammonium persulfate 95

Catalyst
N,N,N',N'-Tetrmethlylethyl-

enediamine
99
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in the suspension for gelation. The gelation process was car-

ried out in less than ten minutes. Then suspension was

molded. After finishing gelation, the sample was unmolded

and then drying processes were performed in the following 3

stages; 1st drying was performed under common atmosphere

conditions; 2nd drying was performed under 99% humidity;

3rd drying was performed under 110oC in a dry oven. Next,

burn-out process was performed at 1200oC for 1h to remove

monomer, dimer dispersant, deformer, initiator and cata-

lyst. Finally, sintering was performed at 1550oC for 2 h. The

amount of alumina in the suspension was between 50 vol%

and 57 vol%. The physical properties such as shrinkage, water

absorption and density were studied in samples with 50, 53,

55 and 57 wt% of alumina powders, as shown in Fig. 1.

To study the effects of sintering additives on the proper-

ties of alumina bushing, 4 additives, such as Y
2
O

3
, TiO

2

SiO
2
, CaCO

3 
(Table 2) were used in this study. The sintering

additives were added in the suspension before 1st ball-mill-

ing. The amount of inserted sintering additives was 0.2 mol.

The shrinkage of the sintered sample was measured by

change of sample length and three point bending tests were

carried out to measure the bending strength. The phase and

microstructure analyses of the sintered samples was per-

formed by XRD (D/Mas-2500/PC, Rigaku, Japan) and SEM

(SM-300, Topcon, Japan), respectively. 

3. Results and discussion

The physical properties of different solid loading on the

alumina powder are summarized in Fig. 2. The amount of

solid loading in the suspension was a very important factor

in gel-casting, because cross-linking can be easier for sam-

ples with high solid loading due to closer distance between

particles.3) This closer distance also affects gelation time.13)

With more solid loading, the gelation time becomes shorter.

Additionally, if solid loading is low, the cast sample has side

effects under drying. When the solid loading is low, the solu-

tion, which should be removed, is increased. On the other

hand, for sample with high solid loading it is difficult to con-

trol gelation time under casting due to the high viscosity of

the suspension.3,4,10)

As shown Fig. 2, shrinkage, water absorption and density

of the sample with 57 vol% solid were superior to those of

sample with 50 vol%. This result is consistent with that of

the previous paper, in which it was reported that the

shrinkage rate is higher for sample loading with higher

solid level.3) And, no crack bands or any defects were

observed in the sample loading with 57% solid. This also

agrees with previous results, which suggest that optimum

solid loading of alumina slip was 57 vol%.7)

XRD results for four sintering additives are shown in Fig. 3.

The sample to which Y
2
O

3
 was added has secondary a

phase, Y
3
Al

2
(AlO

4
)O

3
; the others show only an Al

2
O

3
 phase.

The samples with TiO
2
, SiO

2
 and CaCO

3
 did not make sec-

ondary phases with Al
2
O

3
 and those additives remained at

the grain boundary of Al
2
O

3
.

The shrinkage rate and strength of the sample with four

additives are summarized in Fig. 4. The sample with Y
2
O

3

showed the lowest shrinkage rate, 22.27% and the sample

with SiO
2
 had the highest shrinkage rate of 25.60. The sam-

ples with TiO
2 

and CaCO
3
 had similar shrinkage rates of

24.13 and 24.14%, respectively. 

However, the sample with Y
2
O

3
, which showed the lowest

shrinkage rate, exhibited the highest strength, 195.57 kg/cm2,

and the one with SiO
2
 showed a similar strength, 190.92 kg/cm2.

The sample with CaCO
3
 showed the strength of 167.97 kg/cm2,

but the sampe with TiO
2
 had the lowest strength, 122.10 kg/cm2. 

SEM results showed that the sample with Y
2
O

3
 had a

homogeneous microstructure with good densification, as

shown in Fig. 5. The secondary phase, Y
3
Al(AlO

4
)O

3
, remained

Fig. 1. Experimental procedure of gel-casting process.

Table 2. Characteristics of Materials

No. Sintering additive Degree of purity (%)

1 Silicon dioxide(SiO
2,
) 99.9

2 Cacium carbonate(CaCO
3
) 98.0

3 Titanium oxide(TiO
2
,) 99.9

4 Yttrium(III) oxide (Y
2
O

3
) 99.0

Table 3. Physical Properties 

Deformer

Physical Property

Shrinkage (%)
Water absorption 

(%)
Porosity (%)

Addition 19.05 0.37 1.43

No addition 22.41 0.41 1.57
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at the grain boundary of Al
2
O

3
, which induced the densifica-

tion and uniform grain size. No crack bands, and no defects

were observed in this sample. This may provide the reason

that the secondary phase plays such a crucial role for devel-

oping the highest strength. However the sample with TiO
2

showed only necking with poor densification, which results

in the lowest strength. The sample with CaCO
3
 showed that

grain boundaries were covered with a glassy phase without

a secondary phase which is similar to the sample with SiO
2
.

This may indicate that CaCO
3
 and SiO

2
 remained at the

grain boundary as a glassy phase. But, the sample with

SiO
2
 has an inhomogeneous microstructure showing partial

densification with large grains and crack bands. The sample

with CaCO
3
 also had large grains. These results may indi-

cate that SiO
2
 and CaCO

3
 induce the grain growth of Al

2
O

3
.

4. Conclusions

1) Alumina bushing used in the manufacture of glass fiber

can be fabricated successfully by gel-casting. Instead of

expensive Pt-Rh bushing, alumina bushing can be applied

to the manufacture of glass fiber.

2) Solid loading is increased, density was increased and

shrinkage and absorption were decreased. Therefore, sam-

ple loading with 57 vol% solid was the optimum for alumina

suspension, which showed the best physical properties.

3) Among four different sintering additives, the sample

with Y
2
O

3
 exhibited the highest strength with full densifica-

tion. Only the sample with Y
2
O

3
 showed a secondary phase

with a homogeneous microstructure.

Fig. 2. Change of (a) shrinkage, (b) water absorption, (c) density with different solid loadings.

Fig. 3. XRD results of samples with four different sintering
additives.
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Fig. 4. Shrinkage and bending strength of sample with four
different additives, (a) Shrinkage, (b) Bending strength.

Fig. 5. SEM Micrographs of samples sintered with four differ-
ent additives.


