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Effect of Mechanochemical Process on the Synthesis

and Dielectric Properties of LaAlO: Ceramics

Jung-Ho Cho

Department d Electronic Engineering, Graduate School,
Pukyong National University

Abstract

Synthesis and dielectric properties of LaAlOs ceramics from
mixtures of LaOs-Al:Os:(here after LAO) and LaOs-Al(OH):(here
after LAH) via ground(planetary ball mill) and unground(wet ball
mill) process were investigated.

In case of LAO mixtures, the single phase LaAlOs: of ground
powder was formed at 1300 , while that of unground powder was
formed at above 1400 . If non-reacted LaO: exists in calcining
powder, it would be changed to La(OH): by moisture in the air, and
the densities of sintered samples would be worse. The densities of
ground and unground samples were 97.3% of theory density at 150
0 , and 95.7% at 1600 , respectively. Grains of ground sample

showed uniformity, and their sizes were 2 3um (unground;



non-uniformity, 4 5p m). Dielectric constant of ground and unground
samples was the same value of 22. Dielectric loss of ground(0.001)
sample was lower than that of unground(0.005).

In case of LAH mixtures, the single phase LaAlOs; of ground
powder was formed at 1000 , while that of unground powder was
formed at 1300 . Density and grains of ground sample showed 98%
of theory density and a uniform size of 075 p m, respectively,
however those of unground sample showed 93% and non-uniform
sizes of 4 5 p m. Dielectric constant and temperature coefficient of
capacitance (t <) of both ground and unground samples were 21 22
and +70 +74 ppm/ , respectively. Dielectric loss of ground
sample(0.0003) was 10 times as low as that of unground

sample(0.003) due to a uniform and small grain size.
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T able 1. Mechanochemical phase transformation

Substance |Low pressure form High pressure form Pressure(bars)
CaCO:s Calcite Aragonite 3000
PbO: orthorhombic 10000
Sh.0Os Senarmonite Valentinite 10000
SiO: Quartz Coesite 13500
IR XRD
M ossbauer
HREM, EXFAX X-ray




B

(mechanical synthesis)

(cold alloying)®?

(cermets)

(hard)

(minerals)

Na(OH)

Al(OH)s



3.1

T able 2. Raw material of LaAlOs ceramics.

M aterials Purity (%) M aker
L a0z 99.99 Yakuri Pure Chemical, Japan
Al20s 99.8 Junsei Chemical, Japan
Al(OH)s 99.9 High Purity Chemical, Japan

T able 3. Material weight of LaAlOs: ceramics.

M aterials Formula weight mole weight
La.0s 32581 12 162.901
Al20s 101.96 12 50.98

Al(OH ) 78.08 1 78.08

LaAlOs

LaO:- Al (OH)s (LAH)

(unground)

La:Os-Al0s (LA O)




-1- 1.

(@) (wet ball mill)
(ball mill)
, 200 cc
24
2) (drying)

3 (calcining)

(4) 2

50g

180

3mm

250cc

20

(OH)

1100

ZrQ;

1400



5) (forming)
2 (4 wt% PVA) 100g 4 cc
0.2 mm
10 mm

1500 kg/cm®

(6) (sintering)
1300- 1600 4

PV A 500 4
2 /min 1000

1 /min

planetary ball mill (Pulverisett 6, FRITSCH)

(ground)
3-1-2.
(D (grinding)
15 g Al20s 10
g
80 ml
ZrO; (10 mm-25

5 mm-20 ) 10 . planetary ball



mill 400 rpm ,
50 10

2 (calcining)
900- 1300 4

3) 2

4)
Awt% (PVA)
1500k g/ cm? . 1300- 1600
4

- 10 -



Far 240

180°C for 20k

1100-1400°C for 4h

For 24h

) La,0,-ALO
raw materials La.0,.- M{OT—:]B
unground / ground
wet ball mill
v planetary For 10h, 400mm
. ball mill
drying l
\d
calcining calcining 900—-1300°C for 4h
: '
wet ball mill
planetary Far 3h
¥ ball mill
drying
Y
forrming
sintering 1:300-1600°C for dh
¥
¥RD, DTG, SEM,
measurement |  pislectric properties

Fig. 1. Fabrication process of LaAlOs ceramics.
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Fig. 3. XRD patterns of unground and ground powders.
(o : LaAlOs, : LaOs, A:La(OH)s, O :Al20s)
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T able 4. Particle size of unground and ground powder

particle size(nm)

unground 520

ground 90
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Fig. 4. DT G trace of the unground and ground powders
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Fig. 5. XRD patterns of unground powder treated at various

temperatures. (e : LaAlOs, : La0s)
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Fig. 6. XRD patterns of ground powder treated at various
temperatures(e : LaAlOs, A: La(OH);, : La&Os, O: Al20s).
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Fig. 7. Sintered density of LaAlOs ceramics with unground and

ground samples
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Fig. 8. Expansion rate of ground samples as a function of time.

Fig. 9. XRD patterns of LAO green samples kept in air (calcined
at 1200 ) (0 . LaA|03, A La(OH)s,  LaeOs, O Alez).
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T able 5. Lattice parameters, Structures and T heorical density

LaAlOs, LaOs and La(OH): powders.

lattice parameters theorical
structures _
density
a( ) | c()
rhombohed-
LaAlO: 5.364 13.11 y 6525
r

LaOs 3.937 6.129 | hexagonal 6.57

La(OH )s 6.528 3858 | hexagonal 4428

10
1500 4
4 5um
2 3um
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Fig. 10. SEM micrographs of LaAlOs ceramics by unground and
ground sintered at 1500

¥
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20 | —&— 1300Cla)
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Fig. 11. Dielectric constant of LaAlOs ceramics made of unground and
ground samples (at IMHz).
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Fig. 12. Dielectric loss of LaAlOs ceramics made of unground and

ground samples at IMHz.

12

1500 0.001
1600
13 30-100

(zc)

+120 ppm/ , +85ppm/
7=- 0.57.- a
( a , 10 ppm/ )

- 25 -



-70 ppm/ , -55 ppm/

LaAlOs Tt -40 -50 ppm/

11.04

11.02

Capacity (pF)
=
o
T

10.98 j
—i— L'I"IQI'QJI'IU
10.94 —0— ground
L

10.92

o 20 40 & a0 100 120
Temp(C)

Fig. 13. Temperature dependence of capacity of LaAlOs ceramics
made of unground and ground samples.

6 9 en) (tand )
1 MHz
LaAlOs 23 1
0.005 0.001
LaAlOs

- 26 -



Table 6. Dielectric constant, Dielectric loss and temperature coefficient

of LaAlOs ceramics made of unground at 1600 and ground samples at
1500 (IMH2z).

Diclectric Diclectric  Temperature
ot constant(er) loss(tan8)  coefficient ~ remarks

Unground 22 10 0.005  +120ppm/c Smeredal

1600 0

Ground 20 16 0.001  +85ppm/ T f;‘;‘;ff“‘
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Fig. 14. DTG trace of the unground and ground powders.
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&

Fig. 15. XRD patterns of unground and ground powders before
heating process (a: La(OH)s;, : AI(OH)s).

- 30 -



T able 7. Particle size of unground and ground samples

particle size(nm)

unground 500
ground 70
16 X
1100 LaAlO:s  La&Os , 1200
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17 X
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AlGs  « corundum
v 3 9 AI(OH)s 350- 700
y , 800- 1000 o , 1000- 1200 0
a . y Al:0s
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Fig. 16. XRD patterns of unground powders treated at various
temperatures (e : LaAlOs, : La0s).
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Fig. 17. XRD patterns of ground powders treated at various
temperatures (e : LaAlOs, : La0s).
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4-2-2
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Fig. 18. Sintered density of LaAlOs ceramics with unground
and ground process.
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Fig. 19. SEM micrographs of LaAlOs: ceramics with unground and
ground process.
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Fig. 20. Dielectric constant and loss of LaAlOs ceramics of ground
(e ) and unground(d ) samples as a function of frequency.
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Fig. 21. Dielectric constant and loss of LaAlOs ceramics of ground
(e ) and unground(d ) samples (IMHz).
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Fig. 22.T emperature dependence of capacity of LaAlOs ceramics.
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T able 8. Dielectric constant and

unground and ground samples.

dielectric loss of

LaAlO: ceramics of

dielectric dielectric temperature

sample constant (g ) loss(tand ) coefficient
unground 20.56 0.003 +74ppm/
ground 2240 0.0003 +70ppm/
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Effect of Mechanochemical Process on the Synthesis
and Dielectric Properties of LaAlO: Ceramics

Department of Electronic Engineering
Dirrected by Professor Su-T ae- Chung

Synthesis and dielectric properties of LaAlOs ceramics from mixtures
of LaOs-Al:Os(here after LAO) and LaOs-Al(OH)s(here after LAH)
via ground(planetary ball mill) and unground(wet ball mill) process
were investigated.

In case of LAO mixtures, the single phase LaAlOs: of ground
powder was formed at 1300 , while that of unground powder was
formed at above 1400 . If non-reacted LaO: exists in calcining
powder, it would be changed to La(OH): by moisture in the air, and
the densities of sintered samples would be worse. The densities of
ground and unground samples were 97.3% of theory density at 150
0 , and 95.7% at 1600 , respectively. Grains of ground sample
showed uniformity, and their sizes were 2 3um (unground;
non-uniformity, 4 5p m). Dielectric constant of ground and unground
samples was the same value of 22. Dielectric loss of ground(0.001)
sample was lower than that of unground(0.005).

In case of LAH mixtures, the single phase LaAlOs; of ground
powder was formed at 1000 , while that of unground powder was
formed at 1300 . Density and grains of ground sample showed 98%

of theory density and a uniform size of 075 p m, respectively,
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however those of unground sample showed 93% and non-uniform
sizes of 4 5 p m. Dielectric constant and temperature coefficient of
capacitance (t <) of both ground and unground samples were 21 22
and +70 +74 ppm/ , respectively. Dielectric loss of ground
sample(0.0003) was 10 times as low as that of unground

sample(0.003) due to a uniform and small grain size.

Keyword: planetary ball mill, LaAlOs, Dielectric constant,

Dielectric loss
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