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Abstract

The development of new dielectric materials that allow the reduction of size and weight

of electronic components has been in the scope of the researchers. The bismuth-based

dielectric ceramics are extensively studied for this purpose, namely, the bismuth niobate

(BINDO, 1Tl ‘Z1 >0ee1S4Z—"™+1«"1 octuried 11992 when Kagata reported

the microwave dielectric properties of bismuth niobate doped with the addition of

“i'eZoeil 1 E'S™eZ>1 'eel ™37 @7 —01S1<¢>'Ze1>72Y'7Z 17171

carried out to enhance the dielectric properties of BiINbO , by modifying their structure

through addition, doping, or atom(s) substitution. This manuscript focuses on a case

study that involves bismuth substitution by europium ions. To investigate the inclu -

sion of europium in BiNbO , ceramics, (Bi_Eu )NbO, samples were prepared using the

sol-gel method, in particular, the citrate route. The structure of the prepared samples
Seloeeze’Ze1<¢1l ,>S¢le’ >SE+*""—10 U1S—el S-S—1E™ZE-

by scanning electron microscopy (SEM). The dielectric properties were studied, in the

microwave frequency range (MW), using the resonant cavity method, and in the radio

>2872Z— EC¢1>S—Z10 (81 '+'1¢'Z1'-™ZeS—EZ1e™ZE*>"E™T

Keywords: bismuth niobate, europium, sol-gel, dielectric properties

1. Introduction

ABO,17Z>—S>¢17j'eZ@1™>"YVYZe1e"1<Z1S4>SE+’'YZ1-S+7Z>'Sece:
they have the capacity to combine chemical elements in this basic formula, which lead to an
ZisZ—®@'YZ1 '«721S5>>S¢17e1lee>7Ee72>7Z20@1S—e1™]S®eZoel '*'1:

They present stibiotantalite structure, where “A” can be bismuth (Bi **) and “B” niobium (Nb **)
cations, composing the bismuth niobate, BiNbO , 12y 3].

[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {9l KH RULILQD
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‘Z1<¢<e—72¢'1—""<SeZl1Zi'emxrl —1le "1 ™M e -">™'] ge>7EZ>Z
1>’ Ee'—" E10tU1 ™' SeZil EE e —e1le"1™>ZY "z lelze’Z
occurs at temperatures around 700/750°C, with the opposite, and irreversible transition occur-
ring at 1020/1050°C 9].

The bismuth-containing oxides have large structural diversity and promising physical prop -
Z>0°7®@1¢ H>1IS™MMe ESe’”  —l'—1" ™M E@dl—4G—"ZZ2ZE>"—'C

In the last three decades, the bismuth niobate ceramics have been studied as a dielectric mat
rial for applications in radio and microwave frequency range, since the development of the

communication systems forced the device miniaturisation, and, for that, new dielectric mate -
»’Se@1S>7213; 57271y

The general requirements of a ceramic dielectric for radio and microwave applications are
“e'le’ZeZE > ELE"— e S -5 G Howeler, thire aemtiarimhyortant parameters
that require improvement, such as the density, since dense BiNbO, (BNO) ceramics are dif-

EZeele 17785 —1y

' EZ1IW_ X381 ‘Ipri7mSeFiYe 5171 >oeele’—Z1'Z1-—"E>" S
BiNbO, doped with CuOandV ,0,81—2—-7>"2001S4Z2-™e1'SYZ1<Z2Z2—1C
dielectric properties of this ceramic material.
ZYZ>S+1Sze'">0eloeeze’'Ze1e' 21— 2Z—EZ1"7+1'2)8U»22MS>S¢
R —eZ> —el ™My " EZeedle'Z1See’ e’ " —1"ele’ Z57Z—01"j’eZcelf
niobium by other cations.

The relation between the structural characteristics and the dielectric properties should also be
E~"—@’'sZ>721S—e1e'Sel’®l ‘¢1e'Z1'— 2Z—EZ1 ele'Z1™ 'Se’
©'71-Se7>'Se1’1—">-SI0{¢1™>Z0eZ—eZ1y

—1e'7Z1—7i°10ZE* " —01eeSeZ1 e1'Z1S>¢810™ZE’ E1™
dielectric characterisation of BINbO , in the radio and microwave frequency regions is made in
BNO samples where the addition of oxides or the substitution of bismuth ion was performed.

The last section of this chapter is devoted to the description of a case study, where the inclu
sion of europium in BiNbO , ceramics, (Bj Eu )NbO, samples, prepared using the sol-ge
—Ze'"elS—ele'7Z—107<"“"ZEeZele 1’ 7572 —21'2Sele>72Se—-7—o
were studied in the radio and in the microwave frequency range.

2. State of the art

®l-Z—+"—Z7Z31" —19dopetIBilSbCs &th gmall amounts of CuO or V ,0, with
the aim of densifying the ceramic material. In that work, the samples were prepared using
the solid-state reaction method, and the dielectric characterisation was performed in the
—"E>" SYZ1>2827Z—E¢1>S—e7101¢1ZiY1 £001%0 —e1 S
authors, with the addition of these oxides, the samples became dense, even with heat treat
ments below 1000°C, presenting dielectric constants of about 43 at room temperature.
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—1W _ _ _ a1 dsesentes the dielectric properties of BINbO , 1 EZ>S-"Ecels"™Z-1

amounts of CuO, V.0, or CuO-V,0, mixtures. The samples were prepared using the solid-
state reaction method, and the dielectric characterisation, in the microwave frequency regime
0¢1¢1\IW1 £081 Soel ™MZ>e"5—7e1 70’ —e1 S""', "eZ72-S— ®el1-7
Kobayashi. According to this study, the samples became dense, even with heat treatments below
920°C, and also presented dielectric constants of about 43 at the same environmental condition:

£771S—<1E"~ B}Aalgo asddy in 2000, VO, as a support to lower the sintering tempera-
ture of BiNbO , ceramics. The samples were prepared by the solid-state reaction method, an
e"loeeze¢1e'Z1—"E>" SYZ1Q[iIJAVIX1 £Ule'ZeZEe>'’EL1™>" ™75
V,0,81°Z1 S""', "eZ-S— @1-72+'""e31'=™>"YZelct¢1l "2>e—7¢1S—
density of 98% of the theoretical density was achieved for treatment temperatures of 920, 94!
and 960°C. The obtained results suggested that large amount of \JO, is avoidable since the C
values decrease critically.

—1 XVVW 119 $westiggted the behaviour and the microwave dielectric properties of
BviNb(l_X)TaX(? . dopgd vyith CuO. The pvovvvders were Prepared by the solid:state rveacticvm method,
S—ele'Z1e'ZeZEs>» E1-2ZS®2>Z—2Z—e01’'—1'Z1>282Z—EC1:
721 S, TeZ-S— @®@1+ZE'—'822i1 ‘21 Z2+ZE>'E1E " —0+S—-
'— 77— E Z+1 stsubsitdtidh and saturated at a value between 44 and 45, again at roon
temperature.

'12S81 '1S— 43 Sinterddy in 2004, BiNbO, doped with Bi ,0,, by the solid-state reaction
process. Those powders were sintered in air and in N, atmosphere. The microwave dielectric
™M™ TMZ5e'7@O1Se1S™ ™™ " _SeZe¢1[1 £81 Z>Z21-2Sez>2+170e-
—Se 1 -Ze' "e@il ">l 10>72827—E'Z®@d1e'Z1e7Z-™75Se25717
measured from 20 to 500°C in a frequency range of 1-100 kHz. This study revealed that th
dielectric constant and loss at low frequencies increased rapidly and the microwave dielectric

properties deteriorated with increasing of B ,O, content when sintered in N ...

©7S1S—e1E" 14pAvety’ 7281 —1XVV\d1le'Z1-"E>" SYZ1h1¢ 1]
(Bi,, JNbO,10 1%1 7281 <81 ¢81 >u1 izms’aﬁsimeiedlefﬁdsf Mlthis work, the sam-
ples were prepared using the solid-state reaction method, and the dielectric properties were
obtained by the Hakki-Coleman resonator method. The mentioned ions were introduced to
substitute for Bi®* ions. The dielectric constant varied from approximately 37.5 to 41.58.

—1XVVAra1l ‘“IHldesihidiBify Nb, )O, ceramics by using V5* substituting for Nb ©*.
The samples were prepared by the solid-state reaction method, and the dielectric behaviour at
—"E>" SYZ1>28727Z—E’Ze10[A\1l £i1 Sceleeze’Zelctle “1’
dielectric resonator method improved by Kobayashi and the shielded cavity method. The
results obtained by the two methods were similar, with the dielectric constant and the quality
*SEe">1lee> —eeCleZ™Z —o7—01"—1+'Z1 0’ —s7ZXx betwkerZ/0-002Zarf
0.064, the dielectric constant varied between 38 and 46.

‘Z1leeezeCleZYZe"™ZelcC1l ‘~— e 16} ir 201E involved twe kinds of CuO-V O,
dopants with the aim of reducing the sintering temperature of BINbO ,: one was the mechant

cal mixture of CuO and V ,O,, and the other was the compound CuV,0O,. The samples were
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prepared by the solid-state reaction method and sintered in N, atmosphere. The dielectric
E'S>SEeZ>’0Se’"—1Se1-—"E>" SYZ1>728772—E ' Zell+1l%1Zi
Coleman dielectric resonator method. The addition of CuV ,O, led to uniform and dense
microstructures, with higher dielectric constant than those of the samples added with CuO-
V.0, il ‘21@S—-—™eZ1 "¢ 1<Z47>1—"E>" SYZ1e'ZeZE+>'E1™>" ™7
doped with 0.5 wt.% of CuV ,0O.: %dl %2 1 Z]IQSEMIWWS _[V1 £i

—1+'210S-21¢2S>81 z+Z7W|Gnvesligliéd Tetamicesampples of BiNbO, and
(Bi,oln, JNDO, 10 — 1**81 3¢ Nd* or La*) with V ,O_ addition. The samples were obtained
by the solid-state reaction method. The dielectric measurements were made at low frequencies
(1 kHz—1 MHz) with a Solartron impedance gain phase analyser and, at microwave frequen -
E'Ze10¢1Z.[1 £0U01 'e'1e'Z1e’ZeZEe>' E1™ " @el>Ze™"—Se™>1eZ
wave frequency region for the dielectric constant were 46.5 (pure BiNbO, 31 ZV i~ 1 (#);
ZWil1l0 Z=a&%NZ¥iZ 18 -2 $5% > 1:2]1[ 2 TheléléctBc measurements made on the

®'—eZ>Z°10S-™eZ®1Sel 1>28722— E'Z0e1le'” Ze1le'ZZE*>'C

—1XVWW31 +-2A8 Siriteted BNHO YL EZ>S—"Eoel 'e‘le’ Z>Z—1S-
Bi,O,, by the solid-state reaction method. The dielectric characterisation was performed with
the impedance spectroscopy technique, in the frequency range of 16-1C Hz. Since the stud-
ied samples presented relaxation processes, the activation energies were calculated and va

"Zel<Ze ZZ—1Vi[[1lZ 10™Z57Z1e>’Ee'— EL1 (01S—e1Vil\]ld 1

SeZelS—-1 E3] hvedigededyin 2012, the dielectric, electrical modulus and imped -
ance properties of BINbO,1 EZ>S—"E e dLle"™Ze1l 'e'le’ Z>7Z—e1S-"72—=¢
the solid-state reaction method. The frequency range of this study was between 100 Hz anc
WV1 £il ‘Z1"e'Z®elYSe72Z®1 el ZeZE>'E1™Z>-"4"Y'«¢1"C
BNO with 3 wt.%, 5 wt.% and 10 wt.% of CuO, with the values of 87.15, 88.63 and 140.7:
respectively. The lowest values of the lost tangent occurred for the same samples but at 10 MHz

—1XVWZ31 £I951'eAE Tesillyf 21’ ——'4S —E Z1™  cetaiics fAmachfedlby
the solid-state reaction route, with an excess of BjO,, followed by pressureless sintering. The
A4S —EZ1™>"T™MZ5e' 7 @OLET-™eZ{1'-™MZeS_—EZILIE -™MeZ]
' ZeZE>'EL™Z>—"4"Y ' e¢1lS—ele'ZeZEe>' Ele"ereZ®l 72571
frequency range of 20 Hz to 1 MHz. Since the investigated samples presented relaxation pro
cesses, the Arrhenius relation was applied in order to calculate the activation energies. The
values of the activation energy varied between 0.81 and 1.04 when obtained with the imped-
ance formalism and between 0.85 and 1.12 with the modulus formalism.

ZYZcoeS1S—-1@ETinvestated, in 2015, (Bi, Z)NbO, samples prepared using the sol-
oZel—Ze'"ell ‘Z1-ZS®ZI>Z-Z—e17e1le'Z1E-™MeZi1™Z>-"4"Y""
7o' —ele'Z1@—-Seel™7Z5075¢Se’"—1-7¢'""e31Se157877—E ' Zce1l’
of bismuth by iron, it was possible to reduce the sintering temperature and simultaneously to
¢ ZE>Z2S®Z1e'Z1e'2+ZE+>' Ele"®eZ®il ‘Z1'2+ZE+>" E1E " — e
of iron was practically independent of the sintering temperature.

—1XVW\81 z-2studied B¢l §)NbO, samples, prepared by the solid-state reae

tion method, with the addition of V. ;0,71 ‘Z1e'ZeZE+>'E1™ 10 0l>Z
employed for the microwave characterisation of the samples that was performed at room
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©Z-™Z75>Se7>Z1S—+1Se1AZ.[1 £i1l —1+"’eloeez¢d1l+’'Z+XTBAr1\0
71X1%1VIXULl Z2>Z217<eS’—Z¢il EE >e’ —ele"1¢'Z1S7¢' >edle?
S1 10e¢eeZ-1S—1ES—1<Z1S4>' <771\ O Bdcohdarg phase.l =

Analysing the referenced works, we can see that the solid-state reaction method is the mos
E" ——"—1™>7Z™S,Se’" —1™"EZe®il 2>¢'Z>-">281'Z1'Z2&"
focused in the microwave frequency regime, which means that the information of the dielec -
>'E1<«Z'SY' 725171 E®Z>S—"E1-SZ>'SeelcSeZs1l"—1c®@=-2""
is reduced. Concerning the MW dielectric studies, it is also perceptible that the improved

S0, "eZ-S— @le'ZeZE>y ELl>Z@"—Ser1-Ze' el @le'Z1-"ce"

To end this brief state of the art, it is important to note that, for some reason that the authors
"1 —"elz—eZ50+S—281S1®'s—' ES—el—7-<Z>17¢1-"E>" SY
do not refer the measuring frequency. None of those incomplete works was included in this
manuscript.

In Table 1,the "Z¢1™>"e>Zcece 1«1+ Z1-"4s plestnteck

3. Case study

In this work, (Bi , ,Eu)NbO,101%1ViVVE1VIiWVE1ViXVILVi[VileS-™:
—Ze'"e1S—ele'Z>-SeeCle>Z2SeZe1Sele’ Z>Z—e1eZ-™7>S7>708

In fact, the solid-state reaction method has been the most applied technique to process cerami
powders; however, more recently the sol-gel method, through citrate route, became considered
S1™> '’ —el1™>"EZe®l1S—e1S1e’'—-™eZ1 S¢1e"1 ¢S —1cee"™
geneity, since the formation of citrate complexes allows mixing the component cations in an
Se""EL1eES 72017201+ Z¢1ES—1"——7+'SeZ¢¢1>ZSE+1 '+ 176!

‘Z1loee>72E2>21 Seloesze’Ze1<t1l ,>S¢le’ >SE+'"—10 U1S—=
phology by scanning electron microscopy (SEM).

‘21-72S®i>Z-7—e@17e1e'Z1E " —™eZi1l™Z>_"4"Y'e¢1l Z>21 ™7
WVV1 £1¢"1W1 £10 81>Se’"1>2872Z—EC1>S—+ZUd120 —e1:
S—e1Se1Xi]l £10 01-—"E>" SYZ1>282Z—E¢1>S—eZUd1720 —
In the case of the microwave dielectric characterisation, through the small perturbation method,
S1-">Z107¢S'eZ¢1@e7+¢C1ES—1<Z1E " —cezeeZ1 — 28 7rMm¥7." 7

3.1. Sample preparation

The (Bi_Eu)NbO, powders were prepared using the sol-gel method, through the citrate
route. Bismuth nitrate (Bi(NO ,),-5H,0), niobium chloride (NbCl ) and europium nitrate
(Eu(NO,)..H,0O) were used as starting materials and citric acid and ethylene glycol as chelat
ing agent and reaction medium, respectively. All reagents used in the whole procedure were
of analytical grade. A suspension containing stoichiometric amounts of starting materials was
previously prepared in a minor amount of hydrogen peroxide and dispersed in a mixture of



Reference "—™%@’'s’'"—17¢] "’ « Preparation Frequency Dielectric measurement method Dielectric Quality Dielectric loss
method constant factor Oee” 0
9] TMZel 'etl 7 Solid-state ZiyYl £ S "e7-S— 44 2240
. reaction
TMZel Te 44 2750
TTMZel 'e'l 7 1501 43 4260
1] "™MZel 'e'1 7,@Bnd CuO- Solid-state \iwl £ S, "eZ-S— 0e1’'-™>7482-1<¢1 3310
V,0, mixture reaction Courtney and Kobayashi
%] TMZel e, Solid-state [iIJAViIX1 £  S77, "eZ-S— el -™>2¥&1<¢1 3410
reaction Courtney and Kobayashi
12] BiNb,, ,Ta O, doped with CuO Solid-state \.A1E S"", TeZ-S— o 44-45 Tem g*f!
reaction
13] TMZel e, Solid-state ¢l[1 £ S*", "eZ-S— 415 4400
reaction
1-100 kHz 1874
4] (Bi, JNbO,10 1%1 7281 81 ¢Solid-state s\l £ S "e7-S— e 41.58 5000
doped with CuO and V ,0O, reaction
5] Bi(V Nb, )O, Solid-state [A\1 £ S, "eZ-S— el'-™,"BE4B¢ 1 1000-4000
reaction Kobayashi and shielded cavity
method
\16] "™MZel 'e'l 7 180c0rl Solid-state ZiYl £ S, TeZ-S— ce 47 2779
Cuv,0O, reaction
17] BiNbO4 and (Bi,Ln,,JNbO, Solid-state ¢1Z.[1 £ "ZeZE<>'E1™ e 1>7Z0l0:8-8%5
0 —1%a1¢s Nd* or La®) doped  reaction ) )
withV O 1010 Hz Solartron impedance gain phase 44.7-53.4
2w analyser
18] T™MZel 'e'l < 1856501 Solid-state 10-1FHz  Impedance spectroscopy 78.44 6.26 x 10
reaction
3] TMZel tetl 7 Solid-state 1010 Hz Impedance spectroscopy 140.73 1-2
reaction

IMXdAT%

OdIMAlINHME4ANAD® AMAHIH, 90ad AOY1TMA4TOSS$ 9OHAOAADS$



Reference "—™%@’s’'"—17¢] "’ « Preparation Frequency  Dielectric measurement method Dielectric Quality Dielectric loss
method constant factor Oee”0i
9] With excess of BiO, Solid-state 20-10 Hz Impedance spectroscopy
reaction
V] (Bi, Z)Nbo4 Sol-gel method 2.7 and Small perturbation 4.24 2 x 10
[1 £
0] (Bi,, <)NbO, doped with V ,O, Solid-state Az.[1 £ "Z2eZEe>y'EL1™ 0ol UTRZoe"—Se>
reaction
Tablel. Z--S>¢17ele¢'Z1-"ceeloe’'s—" ES—e1™>"e>Zqoel ele'Z1-"0" Ze1 ' «

S MMM

cNY 1499 19

OHSHYM4HMO

1T IMXdAT% 1d AHITMNHSYNE 4TNMJdHOHT,
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citric acid and ethylene glycol in a molar ratio 1:3. In order to promote the solubility, the mix -
ture was stirred, during 7 days, until a clear colloidal suspension was obtained. The obtained
solution was dried at 400°C for 48 h to evaporate the solvent, and the obtained powders were
¢ 7>-8ee01S—Se¢t@Zelctle’ Z57Z—'Sele'7>-5¢1 S LiBadginAppadatu
L92/095 in the temperature range of 20-1200°C, with a heating rate of 10°C/min, using ALO,
as reference. Subsequently, the dry powders were pressed into pellets and cylinders anc

—See¢17S¢,0>725¢7¢31SEE e’ —ele 1o 710" Z57—e'Sele'7Z>—
and 1050°C, using a dwell time of 4 h, with a heating rate of 5°C/min.

3.2. Experimental methods

‘210e>7E+72>Se1E'S>SEeZ> 0S¢’ —17el1e'717<¢eS"—7¢1EZ>S-
o7>—1eSeS1 75717<¢eS"—7¢1"—1S—1 —™¢>72S—1e" >SE"-Z+7:
45 kV and 40 mA, with a curved graphite monochromator, an automatic divergence slit (irra -
¢'SeZele7Z—ee'1XViVV1I——U01S1™>"e57Z0e@’'YZ1>ZEZ'Y —elces’
‘“0e751'—1S1 >See, >7—eS_"1™MS,Se"EZR'—e1" ™M ELE"— 7
o710 Z™MIE "7 —e' —el—-Ze¢'"e10eeZ™1IViVXUL1l'—1W1lcoeilil —1-«

‘Z1 S-S—1e™MZE>"eE ™CL1-ZS®Z>Z-2Z—e®1 Z>Z1™Z5¢"5—
oZ> —eleZ " —7e>¢81 '¢'1S1ZZX1—-1+S®eZ>1«’ —7Z17"'—1S—1-
eter. A microscope objective focused the exciting light onto the sample.

The morphology of the obtained samples was analysed by SEM. The measurements wer:
performed on a TESCAN-Vega lll. The samples were covered with carbon before microscopic
observation to improve the surface electron conduction.

">10'Z172eZEe> €Sl -2S®2>Z-2Z—e1l'—1'21>2827Z—EC¢1>
disc form and with a thickness of about 1 mm and diameter of 10 mm were prepared, and
¢'Z'H51 ™M™ ezl @’'eZ1 2> SEZeLl Z>Z1 ™S’ —eZel 'e'le’eYZ
measurements, the samples were maintained in a helium atmosphere in order to improve the
heat transfer and eliminate the moisture. These measurements were made using a precisiol
'—™MZ7eS _EZ1S—Se¢eZ>10 ’eZ—*1ZX Z U1 —1e'Z1 ™ ™]CE
"e1XVV,ZVV1 i1 ‘Z1572Se1™Sse1 el e'Z1E " —™eZi1™Z75_"4"Y" e(
ESeE7eSeZ17022}+1 ilOWi1ly

0, 1 O 1060' d

%ol YT Yool /75@@ 1 9o B 8% 1)
‘2>721 1S—ele1>Z2™>70Z—+1+'210S—-™+721S> 7 Sthé&free dpacedérit
'Y 'e¢1S—elele'Z1S—07eS51572372Z—ECi
The microwave characterisation was performed using the resonant cavity method, with the
ESY e¢1"™Z5Se’—e1Se1Xi]l £1'—1¢'Z1 WV[1-"eZil ‘Z1-2S5
™75Se75781720@"'—18S1—27Z+ "571S—Se¢@Z>10 17][Y G1E"Z™.;
‘21 —@Zse’ " —17e1le'Z1ECe —> ESe10eS-™eZ1Se1e'721™"¢
causes a perturbation, changing the transmission of the cavity.
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T—e'eZ> —el T —e¢1e'Z1 >0, >0Z>1™Z5re75¢Se’ " —1"—1¢"'Z17] 42
e'leel ' —1e'7Z157Z0 " —S—01e>72827Z—EC¢1 1« Z1ESY +¢d1 «61C
™Z5—"4"Y e¢31% O01S—ele'Z1E'S—eZ1'—1e'Z1'—YZ>00Z1 ele";
sZeSeZele™1e°71°—Se’ 78211 ™ S>e81% 1y

% wpofié +1 )

%07 15D % 4 3)

where K is a constant related to the depolarization factor, which depends on the geometric
parameters; v and V are the volumes of the sample and the cavity, respectively and f is the
resonance frequency of the cavity.

f7%7f (4)

1 71d701

SREAGTANS) ®
where the indexes 0 and | refer to the empty and loaded cavity, respectively.
@ —e1S1®S-—™eZ17e¢1"—" —1e'ZeZEs>’ EL1E " —0eS—ed1l —1s'

constant K can be calculated.

3.3. Results and discussion
YiYIWil ' Z>Z—e'Sele'7Z>-Se1S—Setoe’ce

‘Z1 1eSeS17ele'Z17¢eS’—7¢1 ™" Riguweel) tesealed—far thelsample with
i1%1ViVVO1e'>Z2217Z ("' Z>— E1™M'7Z—"—-7—_S1EZ—e>71S+1\Z\d
71 >72717i"'Z>— E1™M'Z—"—-7—-81-7—¢""—7¢1S<"YZ81e'Se11
small displacements, it is visible two new exothermic phenomena centered at 546 and 607°C
and an endothermic peak at 443°C.1 ‘Z1 ™~ ¢Z5>1 ’¢‘1ij1%1ViXV1loe'~™ ®l1lS-
ZZYU 31S—el1e" 2512 Z>— E1™M'Z—"-7—S1EZ—>721S1[Y
there is an endothermic phenomenon centred at 590°C and an exothermic at 978°C.

The heat treatments were made in agreement with these results.
YiYiXil ,>S¢1le’ >SE+'"—1™S4725—1S—SeC@’'ce
‘Z1E>C@eSee’ —71™'SeZoel Z>Z1'eZ—e" Z+1c<¢1l ,>S ¢ 1« FigBreEn.

—1'Z1""0e*1eS-™eZ0ed1lijl%1IViVVELIS1IE - —S-'" —whs etitained
for the heat treatment of 650°C, orthorhombic BiNbO , for the heat treatment of 850°C and tri-
clinic BiNbO , for the heat treatment of 1050°C.
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Figure 1.1 17+ 1,0Eu )NbO, powders, heated at the rate of 10°C/min.

‘Z—1i1%1ViWVdlcZoe' ¢I8t=111., EUNRO,and EuNb,0,, a nonstoichiomet-
ric phase of bismuth niobate was formed for the heat treatment of 1050°C. The formation of
nonstoichiometric phases of bismuth niobate is associated with the volatile nature of Bi3*ions

at high temperature.

efle 21’ —E>Z2S0eZ171j1«"1VIiXVaiky e’ xdrm EuNEQ,, for the higher
o>7Se—7—01e7-™75Se75781'Z>721S>57Z1e “12—"e7—e’ 7Ze1™Z7S",
ferent nonstoichiometric phase of bismuth niobate.

">1i1%1Vi[VeWB1lt, «sBiNb,O and EUNDO,1 Z>Z1'eZ—«’' Zei

The results show that Eu** ions substituted in BiNbO , tend to form a separate crystal structure
rather simply replacing Bi **ions.

—SeCe’ —e1e'Z1 ,>SC¢le’ >SEe " —1¢SeS1S—ele'Z1 1>72007%¢(
is visible.

>A1Y%IVIVVEL1e'Z1 >ee1™ZS"1ce'” cele, dndthe s&eond-eah behssociate

o'l Z1ET—YZo0e' T 51711, <
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Figure2.1 ,>S¢ 1+’ >SE«'"—1 ™ F4JNBO psdriiplédihéat-treated at 650, 850 and 1050°C.

EE >e'—ele 1217255757281 '71 ;i5exPected-fartemperatures above
[VVU 81ZY ' eZ—EZe1<t1le—-SeelZ{ ' Z>—"E1™ 29, whith Zre usible-it
©'Z1 17e1e'Z1™7 «ZABNVIWVIS—e1lViXVi
As in the reference powders, all of the powders with europium show one peak close to 1000°C
«'Se1ES—1<Z1>ZSeZ1+"1'Z1+48%20e’ " Fha existénce of one endother
mic peak in this set of powders can be related to the decomposition of intermediate phases.

The increase of the crystallinity is also perceptible for the heat treatment of 850°C, with the
increase of the height and the decrease of the half-high width of the peaks.

The thermal treatment performed at 1200°C caused the fusion of the powders, and therefore
there is no information about the exothermic phenomenon that occurs near this temperature.

YiYiYIl S—-=S—10e™7ZEe>"cceE"™¢1S—Setce’'

‘21 S-S—1e™ZE+>S1Shigute8>7wZ—+Z+1" —1
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When x1%1ViVVAle'Z10S-—™eZele>ZSeZe1S*1\[V1IS—1WW][VI
«'Se1S>Z1E'S>SE-Z>' e+’ Eel™+1+'Z1Y, In Hhe Caselof theZseariple ttchtel
Se17[VU 81 ‘Z>Z1<'Z1ce’—e+7l WOSIRY—» Zed1l—"—7Z17e1e'Z
Besides, the peaks at 139 and 199 citare distinctive of the orthorhombic BiNbO ,, a fact that
“Zee Zele'Z'>1S<eZ—EZ1'—1'Z1e™ZE*>2-1"e1e'Z1@S~-™"
to triclinic BiNbO , 15y 24. This means that none of the detected vibrations can be assigned t
nonstoichiometric phase Bi, Nb_ O, .

ALY AIVIWVIS —e1ViXVE1e'Z1™ZS"el'eZ—e' Zel'—1e'Z1®eS—
uted to the vibration modes of BiNbO ,, with vibrations at 140 and 200 cm*being characteristic
of the orthorhombic BiNbO , 71 “>1¢‘Z10@S—-™e¢Z1¢>2S¢Z+1S«1WV[VU 81",
though at 690 cm it is possible to identify a distinctive peak of the triclinic BiINbO , 12, 26].

The vibrations present at 120, 133, 175, 290 and 782 cifin the sample with x1 %1 ViXV
S4>'czeZe1e71e'Z1Y >SS’ " —1-THZ 1l 1 7 «

“>1 721 @S—™eaZ@L ViVl 'elS—Sete’eel el oee’eel YSee
the vibration modes of the nonstoichiometric phase Bi Nb,O,, are very similar to the ones
obtained for the orthorhombic BiNbO ,.

Figure 3.1 S-S —1ce ™ Z FEw)8HO0 ; dainples heat-treated at 650, 850 and 1050°C.



'LHOHFWULF 3URSHUWLHY RI %LVPXWK 11
KWWS G[ GRL RUJ LQWHFKRSHQ

YIYTZTI1l ">™ Te"e'"ESe1E'S>SE*Z>" Se""—

SEM micrographs of (Bi, Eu )NbO , powders are shown in Figure 4. The images for treatment
temperature of 650°C revealed that the increase of europium content promotes changes in the
morphology of the samples. These changes are more perceptible when x increases from 0.z
¢“1Vi[VA1l 'e'1eZ1e5S'—1'£Z1'—E>ZS®’—eil >1«'Z1®@S-™.
increase of europium promotes the occurrence of coalescence. The heat treatment of 1050
promotes the formation of high-temperature triclinic BiNbO ,, which leads to a dramatic change
in the morphology of the samples, with the grain size showing a very expressive increase.

YiYi[il "ZeZE>'"EL1E'S>SE+Z>'®eS+""—
Figure 51 ‘'~ @1 Z1>2Se1™Sse1 el e'Z1e’ZeZEe>’E1™Z>—"4"Y" 0

E " —@eS—e1eZ7Z-™Z758e7571 1%1YVV1 81 —1e'Z1 1528727 —E(
YZ>' Zele'Sel’el’cel—"ele's—' ES—ee¢l' — 7Z—EZe1<t1e'21

Figure 4. SEM micrographs of (Bi, ,Eu )NbO , samples.
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Figure 5.1 >28727Z —EC1eZ™Z —e7 —EZ1701'Z1>7S¢1 ™ Skhpat TS ININBEL-MeZ i1 ™7>-"4

“>1e'Z1' " @eleS-™eZ®1S—ele >1e'210S-™eZ0l 'o'le’ Z>7—
that the presence of triclinic BINDO ;1 ZSe0ele 1 ¢ Z>1% 1YSezZcei

‘71 e'Zeele'ZeZ(E> EL1E" —e*sS—¢1"EE2z>01¢ 51 Z1S-™
«<Zoe'seZoel.,andEUNDO,81S—17—"eZ—e' Zel—"—c+s" E''"-Z2'E
was detected.

‘Z1YS>'Se’ " —17e1¢'7Z1°—-Se’—S5¢1™Sse1 01 Z1E " —™eZjl1™Z
stanttemperature T1%1YVV1 1S—el1’'—1¢'Z1 1572377 FiglE€BG.>S —+7d

{EZ™el —1e¢'Z1ESEZ1 01 7Z1eS—™eZ1 'e'1'7¢‘7Z0eel1%<d1S:
lower than 1.

In general, the losses decrease with frequency, except in the sample withx 1 %21 ViXVd 1l
850°C, where the shape of the curve indicates the occurrence of a relaxation process.

Figure71 ™77 —e0e1¢'Z1>72S¢1™Ssre17ele'Z1E"-™eZij1™Z5-"4"Y
T1%1YVV1 818S oxlferthe(@eparedisaniples. The samples treated at 1050°C show th
highest %pwith the maximum % 8.41, occurring for the sample with x 1% 1ViXVil ‘Z1
YSe7Z@1" — ¢’ ESeZ1e'Sele'71-"521"— 272—e1™S55-7¢7>1" 1+
—'4’Y e¢1e"Z@1—"+1YS5¢10’'e—" ES—eeCl 'o'1e'Z1S-"7—021
This increase of %dl e~ >1¢'Z1 e Z@ele>72Se—7—e1e7-™758¢7571ES—

crystallinity, combined with the formation of the high-temperature triclinic BINbO .
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Figure 6.1 >723727Z —E¢1eZ™7 —e7 —EZ17¢1'721’-=Se’—S>¢1 ™G atTI4A2 Y MVEA"F ™eZ i1 ™

INFigure 8831« Z1YS>'Se’"— 170171’ —-Se’ —S5¢1™Sse1 01 Z1E" -
presented. It can be seenthat%el YSe?701S>721"— 27Z—EZ+1<¢1'Z1S-"7-
the increase of the treatment temperature.

Table 2 resumes %and --‘71%761-31-‘21-’ 7>72—e1@S-™eZ @i

Figure 7. Calculated %dor all treatment temperatures as a function of x 1Y S¢2281S+1Xi]1 £1S—e1YVV1
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Figure 8. Calculated %ofor all treatment temperatures as a function of x 1Y S«727281S«1Xi]l £1S—e1YVV1

X 10C 0 100 kHz 1 MHz 2.7 GHz
%o eel” %o ee]1” %o ee]1”
0.00 650 17.95 22x10 17.96 1.9 x 10" 4.94 1.9 x 10"
850 16.18 1.6 x 1 16.13 7.5 % 10" 5.42 9.7 x 10"
1050 30.39 3.2x 10 30.48 4.5 x 107 6.97 1.5 x 10%
0.10 650 13.56 1.5x 10 13.64 2.8 x 107 4.69 2.5 x 10
850 15.42 1.0 x 1 15.36 3.7 x 10" 5.06 3.1 x 10
1050 20.85 8.4 x 16 20.97 1.2 x 10" 7.28 2.0 x 1%
0.20 650 13.71 1.7 x 20 13.79 8.0 x 107 4.34 1.5 x 10%
850 7.98 6.1 x 1T 7.74 3.6 x 10% 4.66 7.7 x 10"
1050 19.87 1.6 x 10 19.89 2.5x 10" 8.41 8.7 x 10"
0.50 650 15.27 4.3 x 10 15.32 1.7 x 10" 4.27 2.7 x 10%
850 35.08 7.8 x 10 34.95 3.2 x 10" 5.6 2.3 x 10¥
1050 55.32 5.7 x 10 55.25 4.0 x 10" 7.24 1.2 x 1%

Table 2. Calculated %and se1Te >1e‘Z1e’ Z57Z—1@S-™eZ0e31S«1WVV1” £81W1 £1S—-1

Analysing the presented values, we can see that, for all the presented frequencies, the fot
mation of high-temperature triclinic BINbO ,1 E~—e>'<zeZ0el+"1+'Z1'—E&>ZS
without the exacerbation of the dielectric losses.

‘ZloeZcee' ez’ " —1"ele—2"1<C1Z2>"™"7-1"Z®1l—"+1E —-
' ZeZEe>Ele"m®eZ®el e1e'Z10S-™eZ®d1<Z'—ele'Z1e572Se—-7-
Considering the samples treated at 650°C, it is visible that the introduction of europium is not
SeYS—+Se7" 701tV S-EZERILANAB>Z2S®Z1S—+81'—1+Z2—7>S+81
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temperature, the increase of europium promotes the increase of the grains size, a morphologic
SeeZ>Se’"—1 VE'L'®LI—"e157Z ZEeZel' —1e' 21’ ZeZEe>'EL™>"
—1e'71@S-—™eZ@1e>2Se7¢1Se17[VU 8121572 ZEe'~"—1"ele'Z:
ties is perceptible mostly in the sample with x1% 1Vi[Vil —1e‘ZeZloeZ+1"+10
is noticeable; however, it is in the sample with the higher amount of europium that this phe -
nomenon is more evident, which can explain the increase of the dielectric constant.

The samples treated at 1050°C show the higher dielectric constants, which can be related nc
only with the formation of the high-temperature triclinic BINbO , but also with the growing
of the grain size.

“>1e'Z21 1e57287272—EC1>Z2'-Z81'+1'®@1Se@™1™Z>EZ™e’'ceZ1le"
increase of the dielectric constant can be related to the amount of europium introduced.

3.4. Conclusion

In this study, we have presented a structural, morphological and dielectric characterisation, in
«'Z1 1S—e1 1>7877—E ¢ 1FH)INbA Samples, prepared by the sol-gel method
S—el1e572SeZe1Sele's7271e Z>7Z—e1Z2-™Z5Se7572081<Zs 2Z—1\
“>1e'Z1e” Zeele>ZSe—Z—21e72-™7>S757281"—Z21ES—1E"—E
not an advantage since there is no improvement in the dielectric properties of the samples.

In the case of the intermediate heat treatment, the introduction of europium is advantageous
but only for the sample with x 1% 1Vi[Vd1 'e‘1e'Z1’'—E>7ZS@Z1 ele'Z1e Z
— ES—+1"—E>ZS®Z17e1le'Zle"®EZREi
‘21@S-—™eZ@1e>2S¢71S«1WV[VU 81 ‘Z>Z1«'Z1e> Ee —' E1«
VetZ@ele'ZeZEey ELE T —@eS—eil —1™Sse’E2eS5581'—1'21C
©S-—™eZ@1>ZYZSeZe1e'Sele'Z1 —e>"e7@Ee’"—170181"7¢*7251S5-:
cantly the dielectric constant, without compromising the losses.

Author details

Susanal ZYZ®eS 81 S—377»14 F+5¢7 omhd 1L8i3 €adillon Costa

*Address all correspondence to: susana_devesa@hotmail.com

Y 1S—¢1 ‘¢’ Ecel Z™Sse—7Z—e51 —'YZre'e¢t1"e1 YZ2'>"01 YZ

References

yWp1l '8§727'>S1 81 ">72'>S1 81 'Scel il ¢—e'Ze' ®lS—e1E>¢
bates studied by vibrational spectroscopy. Chemistry of Materials. 2010;22(8):2668-267
ALWVIWVXW&E-WVVW]Y ™



%LVPXWK $GYDQFHG $SSOLFDWLRQV DQG 'HIHFWV &KDUDFWHUL]DWLRQ

y X Martinez AL. Sintese e crescimento de cristal da fase BiNDQlye«‘Zce’'cepil ""1 Sz-"
Ce'ES1+71 ""1 S>¢"@OLXVV\IIWW]1™i1 VYS'eSceZle>"—il'4
N&I\WY X&eeZ WZVWXVVAWIVIW_&Z—i™ ™i1 FIWViWW\

yYpl SeZoel 81 «'YZ'>S1 081 e—72'¢S1 081 "eeS1 81 "e>'e7
E"—EZ—>Se'"—1Z2Z ZE+1'—1e'21' 2+ A& > ELUS™ ™N ZES7'G
Alloys and Compounds. 2012;542AX\Z , X]V1‘4™M e A& &1 ">« &WViWVW\

YZPp1l SY' —S1 81 «zE*"—1 81 "e7e"Y—"""VY1 81 “eTeTY—"""Y
EA, et al. Synthesis, structural and spectroscopic properties of acentric triple molybdate
Cs,NaBi(M0O )11 "Z>—Se17elce '« 10e S 28fH Y {" 0 4>"¢ 02 K& B[O i
jss€.2014.11.023

y[pl S+'S1 81 2™eS1 81 S—-727Z+1 61 72+'2>8S“S—1 81 72-S>1
technique to prepare BiNbO, powders. Ceramics International. 2008 34(6):1565-156
“A™MEA&& T e &EWVIWVWI&TEZ>S-"—iXVV]IVYiVXX

y\pl £721 81 S—e1 081 ‘Z—1 081 ‘Z—e1 i1l —™>"YZ-7Z—ecel
properties of BINbO , microwave ceramics by V.0, 1 See’e’” i1 "75—Sel o]
Ceramic Society. 200@00]ufA_ W, \1'4™MeA&&*"'I™T>*&WVIWVW\&

y]pl SeSeS1 81 —"727Z1 81 S«"1 61 S-72¢S-S1 i1~ ,>721¢
¢« 51 -—"E>" SYZ170eZil S™MS—7@®@Z1 "72>—S810«10MYN[X41
"> &WVIWWZY & TYWIYW][X

y bl ZY¥Zoe$S1 81 >S$381 81 Z—>¢1 81 “e-S1 il "&>" SY2Z)
NbO , ceramics prepared by the sol-gel method. Ceramics International. 201541(6):8186
AW Vil A1°4™ei&&e™iITe&8WVIWVW\&“TEZ>S—"—«iXVW]

y _hidu YC, Tsai WC, Chen HM. Low-temperature synthesis of BiNbO , ceramics using
reaction-sintering process. Ceramics International. 2003350\ 0 AXWW _, X XW X 1
10.1016/j.ceramint.2008.11.03

YyWVp1l =1 81 ‘7’1 i1l ZEe+1"e1™M'SeZle>S—e’'s’"—1"—1¢"'7
BiNDO,i1 "Z>—Se17e1e'Z1 2>"™ZS—1 75266 WE/Li i ®]YWGW]XWM Y
doi.org/10.1016/j.jeurceramsoc.2005.09.003

YWWpH1 S—el i1l —™>"YZ-Z—e17e1e'Z1 ' Z+ZGeramEslby the"Atldiion
el 7 . X [1 je25Z0i1l "72>—Sel17e1l Se7>'Sec18TNXGREYL, ¥\
doi.org/10.1023/A:1006697318870

YWXp1l 2S—el 81 Z—e1 81 21 i1~ 1 5>S<eZ1 "’ <« Z1<SoeZe1-"1
Ceramics International. 2001270 YUAY ZY ,Y[V1'4 ™M e A& &*""T7>*&WVIW

yWYp1l “7°z2S1 81 '1 81 "—e1 11 ’Ze«Z,E-dop@dIBiNbOTcEraniiZsoeCeTartic:
International. 2004;300 ] U AWW _[,WW_"1'4™®fi&&*"'i">+&WViWVW

yWZp1l “'*2S1 81 '1 81 21 81 z+'—+1 11 'E&>" SVYZ1ps INGOFcerak
"Eelld %1 281 +81 ¢81 >UT1l “Z>—Sel1 ele'Z1 7>26{10):3003120D
‘A™MEA&& T > &WVIWVW\&“T“ZZ>EZ>S—e"EiIXVV[IV_iVZ



'LHOHFWULF 3URSHUWLHY RI %LVPXWK 11
KWWS G[ GRL RUJ LQWHFKRSHQ

yW[pl *"Z1 81 S—-+1 81 S71 081 '21 11 "E>" SYZ1<'Z<ZE">'E,
ceramics withV,0,1cezccee’ ez’ "—1i1 "2>—Se17e1 W, TEHZS - E
doi.org/10.1007/s10832-007-9223-2

yW\pl ‘"—e1 81 z2S—1 81 ‘S—+1 81 S—-1 81, Bierovtaveldiélectric
EZ>S—E®l-—"9+" Zelctl 7z X \1See’e’ " —1@’ —eZ>Z2+1"—1 X1
201054(2):103-107

yW]p1l 77271 81 2¢"’S>—’1 81 >S"Sce‘l 81 '¢S>1 81 2+'ZZ—+>S-
T—loezceee’eze’ T —1"—1 1S—e1-—"E>" SYZ1e' Z,Y@E>SEIEET
Alloys and Compounds. 2010;4920W UAY [W,Y[]1'4™ e A& &*""T7>*&WVIW

YyWApLl e—7'¢S1 81 Z>—S—eZcel 81 SeZoel 81 '-YS1 81
Study of the structural and dielectric properties of Bi ,0, 1 S—el « 1§--’-’”—14
EZ>S-"E1-Se>"jle">1 1S™M M ESe'"—eil “2>—Sel17¢1 Se7
201122070RA 1N, M14™ei&&*iIT>e&WVIWVV]&EWVA[Z, VW'

YW _pl £727S*“1 81 'e’'—U®”S, £27S“1 81 «S-E£¢"1 i1 — 72Z
™eZil ——4S—EZ1E'S>SE+Z>' e+’ Erl” -1, cefamizszAthiXeas of
Metallurgy and Materials. 2014;590WUOUAX X[, XX _1'4™M @i&&*"'T1">e&WV'

YyXVpl 72¢727Z1 81 S—<SeZ1 81 ™Se'¢S¢1 11 ¢—e'Zoe’'elS—-
(Bi,. JNDO, 1 EZ>S—-"E il "2>—S+17+1 «YS—BHYWiAWX[EWVVE
0rg/10.1142/S2010135X16500065

yXWp1l ZYZoeS1 81 >S3S1 81 Z—>¢1 81 "eeS1 il e>7@Ee7:
dielectric properties of (Bi, Eu )NbO, ceramics prepared by the sol-gel method. Inter-
—Se’"—Sel "7>—Sel el SeZ>'Se@l —< SAMIAWIX X\L"¥3
WViW[VZ& IXVW]ivVA[AVA

YyXXpl ZYZeS1 81 >S3S1 81 Z—>¢1 81 "0e+S1 il |Zerdndes prd
pared by the sol-gel method. Solid State Sciences. 20161AZZ,[V1'4 ™M ei&&*"’
solidstatesciences.2016.09.005

YyXYp1l ZYZeS1 81 >S3S1 81 "eeS1 i1 e, Zel ¢—e'Z®’'®d1-
SYZ1e’ZeZEe>’EL1™>"™Z5e’Z@1™ el e—2'1 ""<SeZ1-"0" 7
81Ze’e 511l ZEZ—e+1 MM ESe’"—@1l' —1 ", Zel ¢t—e'Z® &
intechopen.68211

yXZp1l ZYZ®eS1 81 >S3S1 81 "e+eS1 il e>7ZE+7>Sed1-">™" "
BiNbO,1 EZ>S-"Eoel ™M>Z™S>Ze1<Cle'Zl ™, eZe1-Z""il S
78AWXA WYY1'4™M®eA&& " I">e&WVIWVW\&“I—SeZ>>7Z0cZeei.

yX[pl ‘S’1 81 'S—1 81 "—e1 81 '1 81 "—e1 81 '1 817Z<1€
BiNDO,1 ™~ ¢Z>01 ™>Z2™S>7¢1<¢1S1E *>SeZ1—-Z+""eil "7>—
20115090 ZXUAWVXYVWVXYY14™efi&&s "1 >« &WVIWVW\&"i'
yX\pl ¢¢7¢1 81 72¢¢S—'1 81 S+”S>1 81 '“S¢S>S«'SYS—1 i1
of ferroelectric SbNbO,, antiferroelectric BiNDO ,81 S—e1 +‘Z’>1 ce"s’*1 "
ZY'Z 1 i1MOIMWUA "WY]il Al4™ei&&'TI">«&WVIWWVY



ntechOpen

ntechOpen



