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ABSTRACT

The reaction-sintered alumina and zirconia-alumina ceramics were fabricated from the AI/ALO; or AL/Zr0.(Ca-
P5Z) powder mixtures via the attrition milling. And the effects of the milling characteristics of used raw powders
on reaciion sintering were investigaled. After attrition milling and isopressing at 400 MPa the Al/ALQ; specimen
was oxidated at 1200C for 8 hours followed by sintering at 1550°C for 3 hours. Because mixed powders
of flake-type Al with coarse alumina was much more effectively comminuted than the globular-type Al with
coarse alumina powders, it's sintered body of more than 97% theoretical density was achived, bul low contents
of Al leads to relaiively higher shrinkage of abaut 8%. And because coarse alumina particles was much more
beneficial in cutting and reducing the ductile Al particles, using the coarse alumina powder was niuch more
effective in reaction sintering. Fused Ca-P3Z powder was reaction sintered with Al at 15507 for 3 hours
and low shrinkage Zr(Q.-AlLO, composites were fabricated. But because Al/Ca-PSZ powder mixtures were not
effectively mulled the reaction sintering and densification was difficult. And the Ca ion in Ca-PSZ grains diffused
nto alumina grains during sintering so that the unstabilization of Ca-PSZ body was occured which gave the
microcracks m the specimens.
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Fig. 1. The densily of reaction sintered ALO, composi-
tes{coarse alumina(A-10)/35 vol.% flake Al as
4 function of processing condition.
{a) attrition milled, and
(b) ball milled powders for 10 hours
A: the green powder compacts isopressed to

200 MPa

B: the specimens oxidized at 1200C for 8
hours

C : the reaction sintered bady fired at 1550T
for 3 hours
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Fig. 2. The volume change of reaction sintered AlO;

composites{coarse alumina(A-10)/35 vol.% flake

Al) as a function of processing condition.

(a) attrition milled, and

(L) ball miflled powders for 10 hours

A: the green powder compacts isopressed 1o

200 MPa

B: the specimens oxidized at 1200C for 8

hours

C: the reaction sintcred body fired at 15507T

for 3 hours
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Fig. 3. The pore size distributions of Al:(Qs(cearse alu-
minaA-10)/35 vol% globular Al composites
(The powder was attrition milled for 10 hrs).
(a) green body isopressed to 200 MPa
(b) it's oxidized body at 12007 for 8 hours
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Fig. 4. The SEM micrographs of oxidized AL:Q; speci-
mens{coarse alumina(A-10)/35 vol.% flake Al
powder compacts) oxidized at {a} 800C and (b}
1200 for 8 hours afler isopressing to 200
MPa.
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Fig. 5. The pore size distributions of reaction sintered
alumina body at 1550C for 3 hours (The coarse
alumina/35 vol-% Al(globular) powder was attri-
tion milled for 1@ hours and isopressed to 200
MPa, followed by oxidation at 1200C for B
hours.).

(a) sintered body
(h) it's fractured body
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Fig. 6. The density of reaction sintered AlDicoarse
alumina(A-10)/35 vol.% Al) fired at 1550C for
J hours as a function of attrition milling time
when using {(a) the giobular Al and (b) flake
Al
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Fig. 7. The firing shrinkage of reaction sintered ALQ:

(coarse alumina(A-10)/35 vol% AD fired at 1550
© for 3 hours as a function of attrition milling
time when using (a) the globular Al and (B
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Fig. 8. The density of AlL(Os35vol% Al(flake) compo-

sites as a function of reaction sintering process
conditions when wusing {(a) the coarse alummua
{A-10) and (b) the fine alumina(AES-11C),

A: the green powder compacts isopressed to
400 MPa

B: the specimens oxidized at 1200C for 8
hours

C: the sintered body fired at 1550C for 3
hours
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o ﬁ' H ki I b 4
The SEM micrographs of reaction sintered Aigo;-]
(coarse alumma(A-10)/35 vol.% Al) fired at 1550
C for 3 hours after oxidized at 1200T for 8
hours.

(a) Allrition milled with globular Al using zirco-
ma ball for 10 hours

(b) Attrition milled with flake Al using zirconia
ball for 10 hours

(c) Attrition milled with (lake Al using alumina
bali for 10 hours
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Fig, 10. The density of sintered Ca-PSZ ceramics as

Relative Density (%)

a function of sintering temperature {Fired for
3 hours),

(a) when using the fine Ca-PSZ(FSD350F)
() when using the coarse Ca-PSZ{FSD200)
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Fig. 11. The relative density of reaction sintered Ca-

PSZ/AlOy(from flake Al) composites sintered
at 1550 for 3 hours as a [unction of alumina
contents.

(a) when using the fine Ca-PSZ(F5D350F)
(b) when using the coarse Ca-PSZ(FSD200)
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Fig. 12. The dimensional changes of reaction sintered

Ca-PSZ/ALO{from flake Al) composites sinte-
red at 1550 for 3 hours as a function of
alurmina contents.

{a) when using the fine Ca-PSZ(FSD350)
(b) when using the coarse Ca-PSZ(FSD200)
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a}

The SEM micrographs of smtered and reac-
tion sintered ZrO; specimens fired at 1550
for 3 hours.

{a) Zr0; menolith ([rom coarse Ca-PSZ(FSD
200} powders)

(b) ZrOs-AlOs(from coarse Ca-PSZ(FSD200)/
117wt % flake Al mixed powders, attrition
milled for 10 hours using zirconia ball), and
(©) ZrOz-ALOs(from coarse Ca-PSZ{FSD200)/
11.7wt% flake Al mixed powders, attrition
milled for 10 hours using alumina ball).

Fig. 13.
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Fig. 14. The relative density of reaction sintered Zr0s
/Al Oy(from coarse Ca-PSZ (FSD200)/11.7 wt.%
Nake Al) composites as a function of sintering
temperature. (sinlering time was 3 hours.)
(a) when attrition milled using the zirconia ba-

1ls, and
{h) when attrition milled using the alumina
halls
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Fig. 15. The X-ray diffraction patterns of smtered and
reaction sintered specimens smtered at 15507
for 3 hours.

(a) ZrQs monelith. (from coarse Ca-PSZ(FSD
200) powders)

(b) ZrO-AlLO; composites. {(from coarse Ca-
PSZ(FED200)/1L.7 wL.% flake Al muxed pow-
ders, altrition mlled for 10 hours using zirco-
nia ball)
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