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Abstract
BaBi4Ti4O15 (BBiT) was prepared from stoichiometric amounts of  BaTiO3 (BT) and Bi4Ti3O12 (BIT) obtained 
via mechanochemical synthesis. Mechanochemical synthesis was performed in air atmosphere in a planetary 
ball mill. BBiT ceramics were sintered at 1100°C, 1110°C and 1120°C for 1 h without pre-calcination step. The 
formation of phase and crystal structure of BT, BIT and BBiT were verified using X-ray analysis. The morphol-
ogy of obtained powders and microstructure were examined using scanning electron microscopy. The electri-
cal properties of sintered samples were carried out and BBiT shows behaviour typical for relaxor ferroelectrics 
and dielectric constant at room temperature is approximately 93.
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I. Introduction

The lattice structure of the Aurivillius family of 
compounds is composed of n number of perovskite-like 
(An-1BnO3n+3)

2- unit cells sandwiched between (Bi2O2)
2+ 

slabs along pseudo tetragonal c-axis. The 12 coordi-
nate perovskite-like A-site is typically occupied by a 
large cation such as Na+, K+, Ca2+, Sr2+, Ba2+, Pb2+, Bi3+ 
or Ln3+ and the 6-coordinate perovskite-like B-site by 
smaller cations such as Fe3+, Cr3+, Ti4+, Nb5+ or W6+. 
BaBi4Ti4O15 (BBiT), as the n = 4 member of the Aurivil-
lius family has Ba and Bi ions at the A sites and Ti ions 
at the B sites of the perovskite block [(Bi2O2)

2+·((BaBi2)
Ti4O13)

2-] [1]. BBiT remain unexplored, whereas being 
promising candidate for high-temperature piezoelectric 
application, memory application and ferroelectric non-
volatile memories (Fe-RAM) [2,3]

Synthesis of BBiT ceramics is mainly based on 
chemical and solid-state reaction methods. Mostly used 
chemical methods are the polymeric precursors-Pechi-
ni process, sol-gel, co-precipitation and hydro thermal 
method [4,5]. BBiT can be also produced by conven-
tional solid-state reaction starting from BaCO3, TiO2 and 
Bi2O3 [6]. Generally, the conventional ceramic route for 
the synthesis of bismuth based materials leads to non-
stoichiometric composition of the resultant powder, in 

consequence of the undesirable loss in bismuth con-
tent through volatilization of Bi2O3 at elevated temper-
ature [7]. Recently, high energy mechanochemical mill-
ing process has been shown that ferroelectric materials 
can be synthesized directly from their oxide precursors 
in the form of nano-sized powders (mechanochemical 
synthesis), without the need for the calcination at inter-
mediate temperatures, thus making the process very 
simple and cost-effective. A large number of simple 
ferroelectric materials, including BaTiO3 (BT) and 
Bi4Ti3O12 (BIT) have been synthesized using the high-
energy milling process [8]. The aim of the present work 
is to prepare BBiT ceramics from mechanochemically 
synthesised BT and BIT without calcination step. The 
phase composition, morphology and partical size, micro-
structure and electrical properties were discussed.

II. Experimental
In present work BBiT was prepared from stoichio-

metric quantities of BT and BIT obtained via mechano-
chemical synthesis. BT has been synthesized from mix-
ture of BaO (BaO, Alfa Aesar, p.a. 99 %) and TiO2 in 
anatase crystal form (TiO2, Alfa Aesar, p.a. 99,9 %) and 
BIT was prepared starting from Bi2O3 (Bi2O3, Alfa Ae-
sar, p.a. 99,8 %) and TiO2, the same type such as for BT. 
Mechanochemical synthesis was performed in air atmo-
sphere in a planetary ball mill (Fritsch Pulverisette 5). 
BT powder was formed after 1 h and BIT powder after 
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6 h of milling. Milling conditions were: zirconium oxide 
jars and zirconium oxide balls (d=10 mm), ball-to-pow-
der weight ratio 20:1 and determined at basic disc rota-
tion speed 320 min-1 and rotation speed of discs with jars 
~400 rpm. The powder of BT and BIT was mixed for 4 
h using etanol as liquid medium (speed 142 min-1) with 
aim to homogenize the mixture and to destroy agglom-
erates. Obtained mixture was pressed into pellets at 98 
MPa using a cold isostatic press (8 mm in diameter and 
~3 mm thick). Shrinkage behaviour of pressed pallet pre-
pared from homogenized mixture of BT and BIT powder 
is used to determinate appropriate temperature of sinter-
ing. Their powder mixture was fired at 1100°C, 1110°C 
and 1120°C for 1 h (Lenton-UK oven) without pre-calci-
nation step in closed alumina crucibles to avoid bismuth 
loss. Heating rate was 10°C/min, with natural cooling in 
air atmosphere. The formation of phase and crystal struc-
ture of BT, BIT and BBiT  were verified using the X-ray 
difractometer (XRD, Model D5000, Siemens) with CuKα 
radiation (λkα1 = 1.5405Å, λkα2 = 1.5443Å, Ikα1/Ikα2 = 0.5), 
2θ range between 15° and 110°, step size of 0.02° (2θ), 
divergence slit = 0.5 mm, receiving slit = 0.3 mm. For 
particle size distribution of BT, BIT and powder mixture 
of BT and BIT was used Microtrac S3500. The morphol-
ogy and microstructure of obtained powders were ex-
amined using scanning electron microscop (SEM, Mod-
el JEOL-JSM 5300 and SEM, Model Topcon SM-300). 
Samples for SEM examination were prepared from pow-
ders dissolved in etanol in an ultrasonic bath to destroy 
the hard agglomerates. For microstructure examination 
and electrical properties the sintered samples in the disc 
shape were polished to tickness of 1 mm with silicon car-
bide and alumina powder and cleaned in an ultrasonic 
bath in etanol. The electrical properties of sintered sam-
ples (dielectric constant and dielectric losses) were mea-
sured using a HP 3457A.

III. Results and discussions
The Fig. 1. shows the phase formation and crys-

tal structure of BIT and BT powders that have been ob-
tained by mechanochemical synthesis for 6 h and 1 h, re-
spectivelly. The observed peaks at 2θ angles 30.0, 32.8, 
23.1, 56.9 and 39.6° can be attributed to the formation 
of BIT (Fig 1a). The formed structure could be tetrago-
nal or orthorhombic (JCPDS 47-0398, 35-0795) as it was 
discussed in previous paper [9]. The X-ray reflections at 
2θ=31.6, 38.9, 45.3, 56.1 are in correlation with JCPDS 
standards (JCPDS 31-0174) which make evident the for-
mation of cubic phase of BT (Fig 1b). X-ray data for BIT 
and BT powders indicate that powders are not well crys-
tallized and that the significant amount of amorphous 
phase is present. Partical size distribution of BT, BIT and 
oxide mixture of those two powders is presented on Ta-
ble 1. It could be concluded that the partical size of  pow-
ders is mostly under 1 μm confirming that the mechano-
chemical synthesis leads to nanosized powder.

Figure 1. X-ray diffraction patterns of a) BIT and 
b) BT powders

Table 1. Particle size distribution of BT, BIT and powder 
mixture of BIT and BT

Powder D10 
[μm]

D50
[μm]

D90
[μm]

< 1 μm 
[%]

BT 0.2100 0.487 2.882 82.50

BIT 0.2060 0.432 1.891 85.82

mixture 
BT+BIT 0.1800 0.394 1.077 89.80

Figure 2. Relative shrinkage (∆L/Lo) of powder mixture 
of BT and BIT

Shrinkage behaviour of the pressed pellet prepared 
from homogenized mixture of BT and BIT powder is pre-
sented in Fig. 2 with aim to determinate appropriate tem-
perature of sintering. The shrinkage process that starts at 
720°C can be atributed to solid state reaction between BT 
and BIT and the shrinkage rate reaches a maximum at 
1120°C. The temperature range of sintering is narrow, from 
1100°C to 1140°C and whole process can be described as 
solid state sintering process. According to that BBiT ce-
ramics were sintered at 1100°C, 1110°C and 1120°C for 
1 h without pre-calcination step. The density of  sample is 
about 74.5%, 87.5% and 94%, respectively, indicating the 
influence of sintering temperature. X-ray analysis of sin-
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SEM micrographs of BIT and BT powder mixture are 
presented in Fig. 4. The mixture consists of agglomerates 
various size and morphology with approximately size 
about 250 nm. Meanwhile, it was rather difficult to dis-
tinguish separate particles. SEM micrograph of sintered 
sample of BBiT is shown in Fig. 5. The microstructure 
of BBiT is dominated by the presence of rounded edg-
es platelet-like grains up to 15 μm size and 1 μm thick-
ness. Similar grain shape has already been observed for 
many bismuth layered materials, connected with strong 
anisotropy of crystal structure [10]. The rounded edges of 
grains could be attributed to liquid phase sintering.

Fig. 6 displays temperature dependence of dielec-
tric permittivity of BBiT ceramics  sintered at 1120°C 
for 1h measured in frequency interval from 10 kHz to 
1 MHz. The results give an evidence of a diffuse phase 
transition accompanied by a relaxation of the permit-
tivity. The temperature Tm of the maximum permittivi-
ty (εm) is shifted from 380°C to 390°C as the frequency 
increases from 10 kHz to 1 MHz. This behavior is typi-
cal for relaxor ferroelectric. Such a phenomenon has al-
ready been observed in several Ba-bearing Aurivillius 
compounds. The dielectric constant of BBiT ceramic 
was measured at room temperature in frequency inter-
val from 10 Hz to 1 MHz is 92–94. The dielectric losses 
measured at room temperature in same frequence range 
are very small, about 0.008–0.013 (Table 2).

Table 2. Dielectric constant and dielectric losses of BBiT
ceramic sintered at 1120°C for 1h, as a function of

frequency at room temperature

1kHz 10 kHz 100 kHz 1 MHz

Capacity, C
[pF] 8.2 8.28 8.19 8.06

Dielectric
constant, ε 93 94 93 92

Dielectric
losses, tgδ / 0.013 0.009 0.008

tered sample BBiT sintered at 1120°C for 1 h is given in 
Fig. 3. The observed pattern was in quite good agreement 
with that reported for tetragonal BBiT  (JCPDS 35-0757). 
BBiT phase was well crystallized and XRD data did not 
indicate presence of secondary phases.

Figure 4. SEM micrograph of homogenized powder mixture 
of BIT and BT

Figure 5. SEM micrograph pattern of BBiT ceramics
sintered at 1120°C for 1 h

Figure 6. Temperature dependence of dielectric permittivity 
of BBiT ceramics at 10 kHz and 1 MHzFigure 3. X-ray diffraction pattern of BBiT ceramic 

sintered at 1120°C for 1 h
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IV. Conclusions
BBiT ceramics were prepared from stoichiometric 

amount of BT and BIT powders obtained via mechano-
chemical synthesis by high–energy milling. Powder mix-
ture of BT and BIT consists of agglomerates various size 
and morphology, which approximately size is 250 nm. 

BBiT ceramic sintered at 1120°C for 1 h reveals tet-
ragonal crystal structure possesing microstructure with 
rounded edges platelet-like grains.

The temperature Tm of the maximum permittivity (εm) 
for BBiT is shifted from 380°C to 390°C with increase of 
frequency from 10 kHz to 1 MHz. This behavior is typical 
for relaxor ferroelectric. The dielectric constant of BBiT 
ceramic performed at room temperature in frequency in-
terval from 1 kHz to 1 MHz is constant with value approx-
imately 93. The dielectric losses measured in the same fre-
quence range are very small, approximately 0.011.

Acknowledgements: The authors gratefully acknowl-
edge to the financial support of the Serbian Ministry of 
Science (P 142010 and P 142059), the Josef Stefan In-
stitute, Department of Electronic Ceramics, Slovenia 
and COST 539.

References
B. Aurivillius, 1. Arkiv. Kemi., 1 (1949) 499–512.
J. Tellier, Ph. Boullay, M. Manier, D. Mercurio, “A 2. 
comparative study of the Aurivillius phase ferro-
electrics CaBi4Ti4O15 and BaBi4Ti4O15”, J. Solid State 
Chem, 177 (2004) 1829–1837.

Ismunandar, T. Kamiyama, A. Hoshikawa, Q. Zhou, 3. 
B.J. Kennedy, Y. Kubota, K. Kato, “Stru ctural studies 
of five layer Aurivillius oxides: A2Bi4Ti5O18 (A=Ca, Sr, 
Ba, and Pb)”, J. Solid State Chem., 177 (2004) 4188–
4196.
A.V. Murugan, S.C. Navale, V. Ravi, “Preparation of 4. 
nanocrystalline ferroelectric BaBi4Ti4O15 by Pechini 
method”, Mater. Lett., 60 (2006) 1023–1025.
D. Xie, W. Pan, “Study on BaBi5. 4Ti4O15 nanoscaled 
powders prepared by sol-gel method”, Mater. Lett., 57 
(2003) 2970–2974.
B.J. Kennedy, Y. Kubota, B.A. Hunter, Ismunan dar, K. 6. 
Kato, “Structural phase transition in the layered bis-
muth oxide BaBi4Ti4O15”, Solid State Commun., 126 
(2003) 653–658.
C. Jovalekic, M. Pavlovic., O. Osmokriovic, Lj. Ata-7. 
nasoska, “X-ray photoelectron specroscopy study of 
Bi4Ti3O12 ferroelectric ceramics”, Appl. Phys. Lett., 72 
(1998) 1051–1053.
L.B. Kong, T.S. Zhang, J. Ma, F. Boey, “Progress in 8. 
synthesis of ferroelectric ceramic materials via high-
energy machanochemical technique”, Prog. Mater. 
Sci., 53 (2008) 207–322.
B.D. Stojanovic, C.O. Paiva-Santos, M. Cilense, C. Jo-9. 
valekic, Z.Z. Lazarevic, “Structure study of  Bi4Ti3O12 
produced via mechanochemically assisted synthesis”, 
Mater. Res. Bull., 43 (2008) 1743–1753.
D.B. Jannet, M.E. Maaoui, J.P. Mercurio, “Ferro-10. 
electric versus relaxor behaviour in Na0.5Bi4.5Ti4O15 
-BaBi4Ti4O15 Solid Solutions”, J. Electroceram., 11 
(2003) 101–106.


