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Abstract: In this study, we report the production of $”-Al203 solid electrolyte by
using Seydisehir a-Al203. Alumina has to be low grain-sized to ensure a-f3 phase
transformation. Therefore, grain refining process was applied to high grain sized
Seydisehir alumina by jetmill grinding. Seydisehir alumina was calcined at 1200 °C
for 2 hours. After calcination, calcined Al203 and Na2CO3 were mixed during 2
hours in the mill. The samples were pressed and sintered to obtain 3*-Al203. -
Al203 was obtained after sintering at 1550°C for 1 hour. Due to the formation of "
Al203, it is observed that dielectric properties increased.

Seydisehir a-Al;03’dan Beta-Al; 03 Kat1 Elektrolit Uretiminin Arastirilmasi
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Ozet: Bu calismada, Seydisehir a-Al203 kullanilarak f”-Al203 iiretimi yapilmistir.
a-B faz donlsiimiini saglamak icin alliminanin diisiik tane boyutuna sahip olmasi
gerekmektedir. Bu nedenle, iri taneli Seydisehir aliiminaya jet mil 6glitme yontemi
ile tane kigtltme islemi uygulanmistir. Seydisehir aliiminasi 1200 °C’de 2 saat
kalsine edilmistir. Kalsinasyon isleminden sonra, kalsine Al203 ve Na2CO3 bilyal
degirmende 2 saat boyunca karistirllmistir. 1550°C’de 1 saat sinterlemeden sonra
B”-Al203 elde edilmistir. 3”-Al203'nin olusmasiyla birlikte dielektriksel 6zelliklerin

arttig1 gozlenmistir.

1. Introduction

Alumina is a ceramic material that has high melting
temperature, strength and hardness. In recent years,
Seydisehir alumina has been attracting considerable
amount of attention about construction of technical
ceramic materials. The alumina which is produced by
Seydisehir Aluminium factory is not eligible to
produce technical ceramic material because of large
particle size distribution, high impurity content,
intermediate alumina phases contain a high
proportion. For these reasons, studies focus on
improving the quality of Seydisehir alumina powder
and developing the sintering properties for the
utilization of Seydisehir alumina in technical fields.
[1,2].

Two different phases, the B and (”, have been
determined in the pseudo-binary Na20-Alz203 system.
They are used as the solid electrolyte membrane in
Na-S batteries, electric vehicles, chemical sensors. 3-
Al203 is a layered crystal structure, Na20.x Al203 (5 <
x £11), and it is a nonstoichiometric compound. The
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B and B"-phases have closed packed structures with 2
and 3 spinel blocks respectively, separated by the
conduction planes, which contain sodium and oxygen.
Above 1550°C, the B” phase decomposes onto § and
the decomposition is not reversible [3-6]. Sodium
beta-alumina ceramics are the best solid electrolytes
known today because of its fast-ionic conductivity. [6-
9].

The conventional method for production of Na-B-
aluminas, compound involves a high-temperature
reaction of a-alumina with NazCOs in presence of
small quantities of Liz0, Na:0 or MgO as the
stabiliser. Significant soda loss occurs as the reaction
is carried out at high temperatures, which results in
reduced conductivity of the products. Naz0 is added
as a stabilizer. The mixture is calcined and sintered to
obtain a beta-alumina solid electrolyte with uniform
quality and high strength. [9-14].

The purpose of this study was to prepare beta
alumina solid electrolytes in the Na:0-Al203 system
by using Seydisehir alumina and investigate the effect
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of the Na20 content on the forming of beta alumina
and the ionic conductivity of the solid electrolyte Na-
beta-Al203. Therefore, Seydisehir alumina can be
used as a technical ceramic.

2. Material and Method

The raw material, o-Al20s powder(Seydisehir
Alumina), was jet milled for 30 min. The flow chart of
the experimental procedure is given Figure 1. The
particle size of the powder before and after jet milling
was measured by Malvern Mastersizer 2000S. The
resulting mixture was calcined at 1200°C for 2 h in
Linn High Therm furnace. Sodium carbonate was
added to a-Al203 powder. Mixing ratio was 9:1. So,
10 grams of Na2C03 were added to 90 grams of
Al203. The powder was ball milled with zirconia balls
for 2 hours. 3 gr powder was weighed and
prepressed in a 2 cm diameter mould under 50 MPa.
In Figure 2(a), the mould and the pressed sample
Figure2(b) could be seen.
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Figure 1. Flow chart of experimantal procedure
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Figure 2. a) 2 cm diameter mould b) Pressed sample

After pressing, the specimens were sintered at
1550°C for 1 h. X'Pert PRO MRD Panalytical
diffractometer with Cu-Ka X-ray radiation was used
to investigate the crystal phases of the samples.
Computer controlled Hewlett-Packard 4194A
impedance/gain-phase analyzer was used in
dielectric measurements which are performed at
room temperature.
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3. Results

The chemical analysis of Seydisehir alumina is given
in Table 1. Bulk density and absolute density of
Seydisehir alumina are 1.00-1.10 gr/cm3 and 3.30-
3.60 gr/cm3, respectively.

Table 1. Chemical analysis of Seydisehir alumina powder
Chemical LOI

analysis (11000c) 71203 Si0z  Fe:0s  Naz0
(%)

1 98.5 0.030 0.035 0.50
max

Alumina has to be low grain-sized to ensure o-f
phase transformation. Therefore, grain refining
process was applied to high grain sized alumina by
jetmill grinding. The avarage grain size of the powder
was 82.088 um before jet-milling. After 30 min jet-
milling, average grain size of the powder was 4.618
pum as shown in Figure 3.
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Figure 3. Particle size distribution of Seydisehir alumina a)
before jet milling b) after jet milling
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According to XRD analysis in Figure 4, it was seen
that Seydisehir alumina did not consist of completely
a-Al203 before calcination. After calcination at 1200
0C for 2 h, the transition phases transformed to a-
Al203. Technical alumina ceramics could reach to the
desired quality by calcination and grinding under
controlled conditions.

XRD analysis presented in Figure 5 showed that f’-
Al203 was formed, and Na:0 and Na:MgAl10017
phases were also detected. It was indicated that the
Na20 content had an intensive effect on the B”-phase
content at high temperature. The higher Na:0
content led to the more B"-phase transformation[15].

The ionic conductivity of the solid electrolyte Na-
beta-Al203 has been studied since a long time[16].
Figure 6 shows the relationship between the paralel
impedance of samples (a-Al203 and "-Al203) and the
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frequency. Depending on parallel measurements of
frequency, frequency is defined as the critical point,
the critical frequency of these two materials, the
transaction process moves from the low frequency
region to high-frequency region due to increasing of
beta alumina. Critical frequency value of alpha
alumina is approximately 19,810 khz and critical
frequency value of beta alumina is 171,911 khz.
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Figure 4. XRD patterns of the specimen a) before
calcination b) after calcination at 1200°C for 2 h.
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Figure 5. XRD patterns of the specimen sintered at
a)1550°C for 1 h b) reference specimen

4., Discussion and Conclusion

Seydisehir alumina was used as raw material to
produce beta-Al20s. Jet milling method was applied
for obtaining fine powder. The powder was calcined
at 1200 °C for 2 h to form a-Al203. a-Al203 was ball
milled with Na:CO3 to form ("-Al20s3. Pressed
specimens were sintered at 1550 9C for 1 h.
According to XRD analysis, B’-Al203 was formed.
Dielectric properties were also measured as a
function of frequency. The transaction process moves
from the low frequency region to high-frequency
region due to increasing of beta alumina. For better
results, sintering temperature and time could be
increased or hot pressing technique could be used.

Acknowledgment

This research was supported by Scientific Research
Foundation of Yildiz Technical University with the
Project no 2011-07-02 YULAPO6.

818

5x10°

— ALPHA

-5x10°

Zp' [Ohms]
Zp' [Ohms]

-1x10°

2x10° SR T — T
10 10* 10° 10°
Freq. [Hz]
a
2.0x10’

0.0
BETA

-2.0x10’

-4.0x10"

-6.0x10’

-8.0x10’

Zp' [Ohms]

-1.0x10°
-1.2x10°
-1.4x10°

10° 10°
Freq. [Hz]
b
Figure 6. Parallel impedance of the specimen change
depending on frequency a) a-Al20s3 calcined at 1200 °C for

2 hours b) Beta-Al203 sintered at 1550 9C for 1 hour.
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