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Sintering of Na #”—Alumina—~ZrQO. and its Properties

Sang-Myun Park, Kyung-Jae Kim and Seung—Moo Heo
Department of Materials Fngineering, Hankuk Aviation University
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alumina®t ZrO,s] 259 A& o whaslzr] okokrh 1, 2vb4 AAWoZ A £Y Na 2529 K,
28~32MPa/mZ A €4% Na 5 -aluminael v]& of 51% A% ZEr1sidom dxel Al7bel o
KM%M 2 w3 AR osrh 22y ol B9 g9 AE & dAg Azte] 60-%
zabgel el ga pasts AES debdch 294 Ao R A2 Na 2gAg M7 MEX
IetAd Adwes Azs Adn de) dxa) Ade] mE Her gho Fado] A9 gloler,
e obA4 Na f'-alumina®l Hxxel Ao Fdsldoh NaZga 2 o] mssod os A=
K 23219 #7|dEx gt 300Cel A 2tz 1.3x10 '3 5.9x207*Sem ™' & ZA 5 ot

@ Lyorr Hl e

Abstract Composite samples of 8”-alumina with 15vol% ZrO. were fabricated using one—step and two—
step sintering schedules. ZrQO. particles suppressed the grain growth of Na 3”-alumina effectively that
no significant grain growth was observed after a two-step sintering. Both one—setp and two-step pro-
cesses showed similar Ky values that ranged between 2.8 and 3.2 MPay m, which were increased by 51
% compared to pure polycrystalline Na #”-alumina. Unlike K. values 3—point bending strength of the
Na composites decreased with firing time, noticeably when it exceeded 60 min. Electrical conductivity of
Na composite made by a two-step process showed less variation than that made with a one-step sinter-
ing process. The ionic conductivities of the Na, and the K composites prepared by ion exchange method
were 1.3x 10 "and 5.9x 10 *‘Scm™' at 300°C. respectively.
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Table 1. Grain Size and {({ 8) for Na Samples.

Grain size(um)

Processing method f(4) Na 7 —alomina 700,
" Composite with one-step sinterling(1620°C) h o o -
Time at 1620°C (min)
10 0.047 0.51 0.35
30 0.043 - -
60 0.033 — -
120 0.030 — -
180 0.019 0.66 0.43
Composite with two—step sintering(1620°C,1475°C)
Time at 1475°C (min)
30 0.031 0.54 0.36
60 0.029 — -
120 0.015 - -
180 0.017 — —
0.58 0.36

240 0.020

(a) 10min_

(b) 180min.

Fig. 1. SEM micrographs of composites with one-step
sintering(1620°C ) (a)10min. (b)180min.
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(a) 30min.

{b) 240min.

Fig. 2. SEM micrographs of composites with two-step
sintering(1620°C /1475°C ) (a)30min. (b)240min.
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Fig. 3. Variation of K, with firing time for ZrQ,/Na 5”
~alumina composites.
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Fig. 4. Bending strength vs. sintering time at 1620°C
for Na composites(one-step sintering)
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Fig. 5. Bending strength vs. annealing time at 1475°C
for Na composites(two-step sintering)
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CPE elec

R gb+att

Fig. 6. The equivalent circuit used to {it the data is
shown. CPE designates a constant phase element,
whose admittance response is given by Y .."[20]. gb
= grain boundary, elec = electrode, latt = lattice.
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Fig. 7. Conductivity plots for Na #”-alumina compos-
ites prepared by the one-step sintering process.(®)
single crystal : ( © )commercial ceramic : samples sin-
tered at 1475°C for ([]) 30min, ()60min, (X)
120min, (A)180min, (+)240min. The lines labelled
“lattice” and “total conductivity” are literature data
for composites [13].
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Fig. 8. Conductivity plots for Na #”-alumina compos-
ites prepared by the two-step sintering process.(®)
single crystal : (© )commercial ceramic : samples sin-
tered at 1475°C for (((]) 30min, (#)60min, (X)
120min, (A)180min, (+)240min. The lines labelled
“lattice” and “total conductivity” are literature data
for composites [13].
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Total conductivity
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Table 2. Data for Na Samples.

. o at 300°C AH at

Material (Sem™ ") 300°C
Single Crystal® 11 14
Ceramic’ 0.16 23
Composite* 0.11 31

Composite with one-step sintering(1620°C )
Time at 1620°C (min).

30 0.22 20
60 0.10 25
120 0.24 20
180 0.15 21

Composite with two-step sintering(1620°C/1475°C)
Time at 1475°C (min)

30 0.12 22
60 0.13 22
120 0.13 22
180 0.14 22
240 0.13 20

a. Data from Park and Hellstrom®"

b. Na A" -alumina from Ceramatec Inc.
(Salt Lake City, Utah)

c¢. Data from Sheng et al.'?
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Fig. 9. Conductivity plots for K 8”-alumina composites
made from Na composite fabricated by two-step sinter-
ing process. ( O )commercial ceramic : samples sintered
at 1475°C for (_])30min, ( @ )60min, ( X }120min, (A)
180min, (+ )240min.
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