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Research Title: ___ Development.. of . Conventional.. Sintering...Technique.. for.. the
Preparation_of High. Quality Ferroelectric Ceramic. Nanocompgsites

Researcher:__Asst, Prof, Dr. Wanwilai. Vittayakorn

Faculty:.... College of Nanotechnology. Ladkrabang

ABSTRACT

This work investigated the improvement of properties and controllable grain size
of ferroelectric ceramic by using the system of BaTiOs-CogsNigsFe,04 nanocomposites via
normal and two-stage sintering techniques. For the two-stage sintering process, it was
divided into two steps. Firstly, samples were fired at the optimized temperature of T; to
activate grain boundary migration in order to obtain an initial high density. Secondly, the
samples were cooled immediately to the temperature of T, and soaked at various times
to enable dense ceramics without grain growth.  Effect of processing éonditions on phase
formation, ‘microstructure evolution, physical, electrical and magnetic properties of all
ceramics ' are - determined by using X-ray diffractometer (XRD), scanning electron
microscope (SEM), Archimedes' method, LCR meter and VSM, respectively. For the result,
the XRD graphs confirmed that all samples were nanocomposite ceramics. SEM
micrographs showed the nano-size of grains for all samples.and proved that the two-stage
sintering technique achieved finer grain than prepared by normal sintering. = Dielectric
constant and dielectric loss of all the samples were investigated using an LCR meter at
room temperature to 200 °C with various frequencies, and magnetic properties were
characterized by a vibrating sample magnetometer, It can be concluded that phase
formation, microstructure’ and properties of all nanocomposites in the BaTiOs-
CopsNigsFe, 04 system strongly depend. on. sintering conditions and varied with

compositions.

Keywords : Sintering ; Ferroelectric ; Nanocomposite
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T
T liquid phase sintering
viscous flow sintering
g Tm,B
T T -4 transient liquid
= N . .
dé_ T \phase smts\rpg
)
T
1 solid state sintering
A B

Composition

SUT 2.6 wHuamNITBUIRBIWUUANY 4 [15]

a

a ¢ I 8 d qw a | vy
nalnvasnisdumesiusslumsligaumgiiguiteliesnenvosansiinmsundidiilugn

vy

v
Ko &

imeustuannty Tnavinufeymeaiinsifeudefuiliundn ae (heck) Feagflmtamuind
S0 q InglunszurunsunBuwesiuuanuzuawuds avannsaulsoantiidy 3 ssusieiu fe
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. Grain boundary
Sintering

=:> -~ Pore

Molded body Sintered body
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dmfundenuduindeu (d'riving force) ﬁ“ﬂuﬂsguauﬁmeaéﬁuazu'fJum'iwmmuaﬂﬁ'\
WAHUTITEIINTOERDINAYDIDYNIARY Fermdruiaeiidwiiu y4 e v flo Amdau
Fumasume (specific surface energy) Wae 4 Ao fufifasa (total surface area) voudingn 3
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NYIUUBANTU (grain coarsening) Tnglunszviunmsduinosiuvaausvewdaium Ay asduius
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1 1 U ﬂ'j = 1 U A 1 t 24
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Yuidfou warUsunasnsduug sy

(2) AUTYeINTEVIUNITINGEY (processing variable) Fasgneuluse gaumgil 1ian

AN USRI WardnsamsTu/aswesgungil lusy
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Densification
[ A(yA)
YAA Densification
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3.1 msidanngavatansiiege

asidonlflumsuseiugifumminuiunesindnlulascmded fo ansffuudeuln-
wuun (BaTiOy) vie BT (ussdusznoundn \fesain BT WuansweslstidnvdnlSansnei
(lead-free ferroelectric) AiflUszavBamgwnn aunsadszyadldnuidugunscidiinunaaiindld
ethevanavany ity Faufiudsequagnmuaniees 39 8T Suidieeduesilinfiannsouanseuds
weslsdidnvisnld dususniignfuwunndunannuadt 70 Yug uifdensiinisfnwuagiinmn
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wemsvoanalulatlutonty TadlulasnuidedifdenmiouasuuGalnmue Taveadiifa
wedlsd v BT-CNFO  Wegluguveawsafinuilunewindn Inefignsiafiu - (1-0BaTiOs
(X)Coo sNigsFe,Oq il X = 0 0.05 0,10 0.20 aw 0.35 AT AY

3.2 gsiafiild

321  wwuidsulnnuaiifivuineyniaseduiiluaas - (BaTiO,  nanopowders) AR
U3avis 99.95% wanlauuSen Advanced Material

3.2.2 NﬂﬂuaaﬁﬁtﬁaLWaﬂsﬁﬁﬁwmmeumﬂszﬁuuﬂummi (CopsNigsFe,0s nanopowder)
nanlnuUIEeN Advanced Material

323 Indliflaueanegead (Polyvinyl alcohol) nanlagu3ew Sigma Aldrich

3.2.4  1enuea (CHO) mwu’%qwé 95%
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3.3 gUnselifld

331

33.2

3.3.3
3.3.0
3.3.5

3.3.6
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338

339

33.10
3.3.11
3312
3.3.13
3.3.14
3.3.15
3.3.16
3.3.17
3.3.18
3.3.19
3.3.20
3.3.21
3.3.22
3323
3.3.24
3.3.25
3.3.26
3.3.27

ilssnsvaoumsdeaiuuvesiiliond (Xray diffractometer) Evo Phillips {u
X’Pert MPD HaRlABUSM Philips UssinAgoauaud
ndonansseidifinnsounuudesnsia (scanning electron microscope) 1 JSM-
6335F wanlauuTo JEOL Ussmadiiu

\A%09 LCR Meter gu HP-4284 ninlne Ut Hewlette Packard Usswisnialdy
\SpsnsIvaauALTRuvEn (vibrating sample magnetometer)
\n3estaRimearuasiden 0.0001 N3 1 GR-200 wAnlaeuSEM A&D Company
UszinAdu
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¥
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3.4 NSTUIUNTTAIYUNINEN
TumswiounawuiSednnus-laveaniifaweslss  (BT-CNFO)  wuisuannmsuing
. a a . - o
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a o a 1 4 5 a o &, v 1 A
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o o, ) o/ 1 d‘ o 1 % ° 4
muamluzuil 3.1 Wunaway 20l wdsnuadesasumaIiimuauas hvounain
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3.5 nsruauNsn3suesfinuluasulnan
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Abstract. Multiferroics, which display simultaneous ferrimagnetic and ferroelectric properties,
have been interesting recently because of their potentially significant applications in multifunctional
devices such as magnetic resonance, drug delivery, high-density data storage, ferrofluid technology,
etc. Composites combining BaTiO; with CoosNipsFe;O4 have influenced the interest of many
researchers, due to their outstanding and distinguished character called magnetoelectric (ME). In
this work, ferrimagnetic-ferroelectric composites of BaTiO; nanopowder and CogsNigsFe;Oq
nanopowders were prepared by a conventional mixed oxide method. The multiferroic ceramics
were compounded with the formula, (1-x)BaTiOs-(x)CogsNig sFe;Qq, in which x = 0, 0.05, 0.10,
0.20 and 0.35. All of the compositions were analyzed by an X-ray diffractometer (XRD) in order to
reveal the phase of perovskite and spinal structure. Scanning electron microscopy (SEM) was used
to examine the variation of morphology and grain size of the composited ceramics. The magnetism
of all the ceramics was measured using a vibrating sample magnetometer (VSM). The results
showed that microstructure and the amount of ferrite are related strongly with magnetization.

Introduction : ,

Interest in multiferroic materials (or magnetoelectric material), which are a combination of at
least two ferroic orders (ferroelectric, ferromagnetic or ferroelastic), is increasing due to the
advantage they have in their applications as multifunctional devices. Interaction of electric and
magnetic subsystems in magnetoelectric (ME) materials can demonstrate itself as a giant ME effect
[1-3] that mutually influences polarization and magnetization [4]. The factors that affect the ME
effect are piezoelectric and piezomagnetic coefficients, elastic properties, magnetic and dielectric
properties, and volume fraction of composite components [5]. Magnetization (or polarization) of
this material can be controlled by applying an external electric field (or external magnetic field).
The advantage gained by the coexistence of magnetic and electric subsystems is a new property of
the material called “product property”, which increases efficiency of design development for
electronic products such as actuators, transducers and storage devices [6]. It is known that CoFe;Oy4
has the highest magnetostriction coefficient, which is an important factor for ferroelectric-
ferromagnetic composites [6], but it still has some limitations such as dielectric loss and Curie
temperature [7]. This work prepared multiferroic material by combining ferroelectric (BaTiOs) and
ferromagnetic material (CogsNigsFe;O4) with the formula, (1-x)BaTiO3-(x)CoqsNigsFe,Os, in
which x = 0, 0.05, 0.1, 0.2 and 0.35 via the conventional solid state reaction method. The
~ relationships were studied between phase formation, grain morphology and magnetic properties that
are affected by the change of various compositions.

All rights reserved. No part of contents of this papermay bereproduced or transmitted in any form or by any means without the written permission of TTP,
www.tip.net. (ID: 161.246.94.165-28/08/13,06:25:17)
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Experimental Procedure

Compositions between ferroelectric-ferromagnetic materials were prepared by the conventional
solid state reaction method. Barium titanate (BaTiOs;) and cobalt nickel ferrite (CogsNipsFe;O4)
nanoparticles were mixed with the formula, (1-x)BaTiOs — (x)Cog sNig sFe;O4, in which x = 0, 0.05,
0.10, 0.20 and 0.35 mol%. The mixed powder was ball-milled for 24 h in ethanol. The composite
powders were pressed into disk shape and sintered in air for 2 h at temperatures of 1,150, 1,200,
1,250 and 1,300°C. Phase formation and structural analysis of the samples were analyzed by an X-
ray diffractometer (XRD). Grain size and morphology of the sintered ceramics were characterized
by scanning electron microscopy (SEM). Magnetization and magnetic properties of BaTiOs-
Coo.5Nig sFe;04 composites were measured with a vibrating sample magnetometer (VSM) at a
maximum applied field of 8 kOe at room temperature.

Result and discussion

X-ray diffraction result

The phase formation of (1-x)BaTiO3-(x)Coy sNip sFe,04 composite, in which x = 0, 0.05, 0.1, 0.2
and 0.35, is shown in Figure 1. The XRD pattern obtained for sintered ceramic at x = 0 exhibits a
phase pure perovskite structure that is confirmed by JCPDS file no. 5-0626 [9]. A pyrochlore or
unknown phase was not detected. Splitting of (002)/(200) peaks was observed clearly, which can
indicate a tetragonal structure. When ferrite was added into the system (at the composition, x = 0.05,
0.10, 0.20 and 0.35), the cubic spinel of CogsNigsFe;04 peaks was observed clearly. In addition,
diffraction peak intensity of the ferrite phase increased accordingly in composites with increased
content. No extra phase was observed in the diffraction patterns, indicating that interface reaction
between the ferroelectric and ferrite phase is unnoticeable. The broadened diffraction peaks confirm
the decrease in particle size, which is consistent with results in Figure 1.
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Fig.1. XRD patterns of (1-x)BaTiO3-(x)Cop sNip sFe,04, in which x = 0, 0.05, 0.10, 0.20 and 0.35

The XRD results confirm that the BaTiO; and CogsNip sFe;O4 form mechanical mixture and not
binary solid solution. The SEM micrograph supports this assumption. Furthermore, when the ferrite
phase increases, the splitting (002)/(200) peaks merge slightly into one peak, thus suggesting phase
transition in the ferroelectric phase. In general, XRD patterns of the tetragonal BaTiO; show split
peaks at 45°, corresponding to the (hkI) Miller index (002) and (200), whereas cubic BaTiO;
(JCPDS data No. 31-0174) has a single peak at 45° corresponding to (002). The absence of splitting
in the (002)/(200) doublet indicates that the c/a ratio of the lattice parameters is much lower in the
samples of this work than in macroscopic single crystals and coarse-grained ceramics (c/a = 1.01).
This is a typical feature of nanocrystalline BaTiOs particles and ceramics. Values of the average
crystallite sizes for ferrite ceramic in the form of mechanical mixture are larger than those obtained
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for BaTiO; ceramics. During sintering, the average crystallite size of the ferrite phase increases,
while that for the ferroelectric phase decreases. It is believed that the crystallite size is a main
factor affecting the crystal structure. It is known that in ferroelectric-ferrimagnetic composite, the
stability of tetragonal structure strongly depends on mechanical boundary conditions, due to the
relationship between cubic-tetragonal and interphase stress. Therefore, it can be concluded that
firing temperature in the sintering process and microstructural characteristics play an important role
in stabilizing the tetragonal cell in composite structure [9, 10].

Scanning electron microscope results

Figure 2(a-c) illustrate the grain morphology of all compositions of (l-x)BaTiO;-
(x)Coq sNig sFe;O4 composites, in which x = 0.05, 0.20 and 0.35 in secondary and backscatter mode.
The average grain size and density are presented in Table 1. Pure BaTiO; samples were seen to have
irregular shape with a small degree of porosity on the surface. The average grain size was about
1.35 pm with 95% of density. It was revealed that samples for the composition, 0.05 < x < 0.35,
maintain a homogeneous microstructure, with the two phases mixing better, because the grain
growth is suppressed by phases of very low mutual solid solubility. Images with back-scattered
electrons clearly present separation of the ferroelectric (white phase) and ferrite phase (black
phase). Good distribution of the ferrite phase was seen clearly as it increased. The average
crystallite size of the ferrite phase inereases, while that for the ferroelectric phase decreases.

T e H o e
4 ‘:‘ (7 ‘...‘.:“‘ .

b

Fig.2. (a-c) Grain morphology of BaTiO3-Cog sNij sFe2O4 composites; 2(a) x= 0.05, 2(b) x = 0.20
and 2(c) x = 0.35 captured with normal and backscatter mode.
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Table 1. Optimized sintering temperature, density (p), average grain size and magnetic properties of
BaTiO3-Coq sNig sFe;04 composites

. tic properties
Composition Temperature Theoretical Av:;?ng ) Magnetic prop
P po Density g . Mmax Mr HC [Oe]
) €l [%] Size [emu/g] [emu/g]
[pm]

0.00 1150 95.3+2.0 1.35£0.5 - - -
0.05 1250 93.9+4.3 1.83+0.6 0.14 0.03 -380.58
0.10 1200 90.6+£0.9 1.44+0.5 2.39 1.24 -426.13
0.20 1150 94.1+1.7 0.99+0.3 8.71 3.79 -495.35
0.35 1200 92.2+3.5 0.70+0.2 19.56 9.24 -512.65

Magnetic measurement

The magnetic properties of BaTiO3-Cog sNig.sFe,04 composites, characterized by the vibrating
sample magnetometer (VSM) at a maximum applied field of 8 kOe at room temperature, are shown
in Figure 3. The remanent magnetization (M;) and coercive field (H;) are summarized in Table 1.
The magnetization and corresponding coercivity increase with addition of the ferrite phase. The
composites reach their maximum saturated magnetization of 9.2emu/g at 35% of the ferrite phase.
By increasing the ferrite fraction, magnetization is increased because each ferrite grain connects
with each other, causing increasing magnetic moment per unit volume.

x=0.05
x=0,10
x=0.20
x=0.35

20 4

< v o a

Magnetization (enw/g)

20

-10000. -8(;00 ' -6(;00 y -4(;00 ) -2(;00 ' (I) . 20100 . 40l00 ) 60I00 ' SOIOO ) 10000
Applied Magnetic Field (Oe)
Fig.3. Magnetic Hysteresis Loop of (1-x)BaTiO3-(x)Coo:sNip sFe,04, where x = 0, 0.05, 0.10, 0.20
and 0.35

Conclusion

The fabrication of multiferroic composite was prepared by a conventional solid state reaction
method and studied in this work with the system, (1-x)BaTiO;-(x)Coq sNi sFe,Oq, in which x = 0,
0.05, 0.10, 0.20 and 0.35. Phase formation of all the samples was analyzed by an X-ray
diffractometer (XRD). The XRD results show existence of a ferrite and ferroelectric phase when
ferrite is added into the system (the ferrite phase can be seen clearly at the composition, x = 0.20
and 0.35). When the amount of ferrite is increased, the magnetic contact between grains is increased
as well, which leads to higher magnetization (both maximum and remanent magnetization) of the

composite samples. Grain size of the ferroelectric phase decreased with increasing ferrite phase in
composite ceramics.
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