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Compaction and sintering behavior of a high purity alu-
mina powder (>99.99%) treated with aluminate (A),
silane (S) and titanate (T) coupling agents were inves-
tigated. The surface treatment increased the green den-
sity of pressed-bodies, the effectiveness of the coupling
agents on the density increase being S (57.2%)>T
(56.4%) >A (53.9%) >non-treated (51.4%) at 2 wt%
addition. Microstructure development after firing for
2h at 1600°C was considerably dependent on the types
of metals contained in coupling agents. Alumina treat-
ed with 2 wt% of aluminate (Al) exhibited uniform
and fine grains similar to the non-treated system.
Grain growth and densification were enhanced in the
alumina treated with 2 wt% of titanate (Ti) and colum-
nar grains were formed in the alumina treated with 2
wt% of silane (Si). Both bending strength and frac-
ture toughness decreased by the addition of coupling
agents. Intragranular fracture was observed in the alu-
mina treated with 2 wt% of silane although intergranu-
lar fracture was prominent in other systems.

Key-words : Coupling agent, Alumina, Surface treatment,
Compaction, Microstructure, Bending strength, Fractuve
toughmess
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Fig. 1. Mixing tests of surface treated powders with distilled
water where the concentration of coupling agent increases from
left to right in the order of 0 wt%, 0.25 wt%, 0.5 wt%, 1.0 wt%,
2.0 wt% and 5 wt%: (a) aluminate, (b) silane and (c) titanate sys-
tem.
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Fig. 2. Relation between the added amount of aluminate and the
(O) measured and ([]) theoretical weight losses of the alumina

powders.
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Fig. 3. Relation between the added amount of silane and the
(O) measured and ([]) theoretical weight losses of the alumina

powders.
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Fig. 4. Relation between the added amount of titanate and the
(O) measured and ([]) theoretical weight losses of the alumina
powders.
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Fig. 5. Effect of the addition of aluminate on the green densities

of alumina powders pressed at () 5 MPa, ((J) 10 MPa, (/) 20
MPa, (@) 50 MPa and () 100 MPa.
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Fig. 6. Effect of the addition of silane on the green densities of
alumina powders pressed at (O) 5 MPa, ((J) 10 MPa, (/\) 20
MPa, (@) 50 MPa and () 100 MPa.
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Fig. 7. Effect of the addition of titanate on the green densities of
alumina powders pressed at (O) 5 MPa, ((J) 10 MPa, (/\) 20
MPa, (@) 50 MPa and (l) 100 MPa.
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Fig. 8. Relation between the alumina green density at 50 MPa
and the coupling agent concentration by molecular weight: (/)
aluminate, ((7]) silane and () titanate.
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Fig. 9. Alumina grains after sintering for 2h at 1600°C: (a) un-
doped AL,O;, (b) AlLO;+2 wt% aluminate, (c) ALO;+2 wt% si-
lane and (d) Al,O;+2 wtY% titanate.

Table 1. Density, bending strength and fracture toughness of
alumina sintered for 2h at 1600°C.

Sample Density Bending Fracture
(%) strength toughness
(MPa) (MPa - m'?)
undoped AlyO3 99.59 415 4.12
Aly03 +2 wt% aluminate 99.59 321 3.64
AlyO3 +2 wt% silane 97.93 316 3.20
AlyO3 +2 wt% titanate 99.80 317 337
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Fig. 10. X-ray diffraction patterns of (a) aluminate, (b) silane
and (c) titanate after pyrolysis, illustrating the formation of (A\)
corundum, ([]) a-cristobalite and (O) rutile.

Table 2. Chemical analysis of alumina sintered for 2h at 1600°C.

Sample ALO;" sio,”  Tio,s  cf
(wt%) (wt%) (wt%) (ppm)
undoped Aly03 99.11 0154 0014 718
AlyO3 + 2 wt% aluminate 98.97 0.169 0.007 79.7
AlyO3 + 2 wt% silane | 99.00 0.447 0.011 70.9
Aly03 +2 wi% titanate 99.04 0.105 0.164 59.6

*
Analyzed by X-ray fluorescence. # Analyzed by infrared spectroscope for combustion gas.
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Fig. 11. Fracture surface of sintered-alumina: (a) undoped
ALO;, (b) AlLO,;+2 wt% aluminate, (c) AlO3+2 wtY silane and
(d) AlL,0;+2 wt% titanate.
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