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Abstract: The Bi03-Zn0O-Nb20s(BZN)-based ceramic samples were prepared according to the optimum composi-

tion of (BizxZn2- 3:) (Zn: Nba- ) O7 by solid state reaction. The BZN ceramic structure and the dielectric properties

were explored via X-ray diffractometer( XRD), differential thermal analysis( DT A), scanning electron microscope

(SEM), and HP4275A impedance analysis. The amphoteric surface active agent with alcohol amine double nature is

introduced when the raw materials are mixed and ground. The anatase titania doped BZN-based ceramics was also

investigated. Either doping the anatase Ti02 or adding the surface active agent or both of them can widen sintering

temperature range which satisfies the zero temperature coefficient (0 £30 x 10" °/ C) of the BZN ceramics. And

these BZN ceramics with diphasic pyrochlore structure possess excellent dielectric properties.
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1 INTRODUCTION

Dielectric ceramics are widely used with ad-
vances in microelectronic technologies. Bismuth-
based pyrochlores exhibit welFknown high-fre-
quency dielectric properties for multilayer capacr
tor. Group of pyrochlore structured compounds is
of general formula A2B>0O7(where A is trivalent or
bivalent cations and B is quadrivalent and quinque-
valent cations). As a member of the pyrochlore
family of compound, bismuth zinc niobate is a typi-
cal high frequency dielectrics with high permittivity
and low dielectric loss, and can be applied as vari-
ous devices, such as temperature-stable multilayer
ceramics capacitor( MLC) and microwave resonator
and filter. Bismuth zinc niobate system was repor-
ted for the first time by the Chinese engineers in
1970s while wide recognition in world began in
1990s' 1.

more attentions

Recently, this system attracts more and
1% Much work has been per-
formed on the crystal structures and improving die-
lectric properties, especially enhancing permittivity
and reducing dielectric loss. However, the optimi-
zation of dielectric constant temperature coefficient
of pyrochlores containing bismuth has not been re-
ported. Moreover, because the temperature coeffi-
cient of BZN-based ceramics is very sensitive to the
change of the sintering temperature, it cannot be
used in MLC industry on a large scale!'™ ', Be-
sides, with the developing trend to get smaller and
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thinner multilayer devices, one of the major bottle-
necks for the practical applications in this low-fir-
ing system is how to control the grain growth to
gain the fine grain ceramics.

The present paper reports the optimization of
dielectric constant temperature coefficient of pyro-
chlores containing bismuth with composition corre-
sponding to ( Bisx Zny 3. ) (Zn. Nba-.) O7 system.
The effects of adding the surface active agent and
the effects of anatase TiO: doping on the phase
composition, grain size and dielectric properties of
BZN-based ceramics are investigated.

2 EXPERIMENTAL

Reagent BixOs, ZnO, and Nb20s were
weighed in a proper mole ratio according to the
compositions (BizxZn2-3.) (Zn: Nb2- ) O7(0. 15< «
< 0.85) and mixed in alcohol with agate media for
4 h. The slurry was dried and then calcined at 770
‘C for 2 h and milled again for 4h. The dried pow-
ers were then granulated and pressed into pellets.
Samples were sintered at 940 = 1 040 C for 2 h.
Four kinds of experimental designs were planned:
1) the original BZN samples; 2) BZN samples with
adding the surface active agent ( abbreviated as
SAA); 3) anatase TiO2-doped BZN samples; 4)
SA A-added and anatase Ti02-doped BZN samples.
It was in the first mixing process of the oxides that

the SAA was added. And the SAA is the ampho-
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teric surface active agent with alcohol amine double
nature, whose equilibrium value ( hydrophilic I
pophilic balance (HLB)) is 9. 4. Besides, the a
mount of the SAA added was 1% ( mass fraction) .
And the amount of the anatase Ti02 added was
8. 6% (molar fraction) .

X-ray diffraction ( XRD) patterns were ob-
tained with a Rigaku D/ MAX-2400 X-ray diffrac
tometer with Cu Kq radiation. Differential thermal
analysis (DT A) curves were obtained with Ther-
mal Analyzer 2000. And the microstructures of the
samples were observed by the JXA-840 scanning
electron microscope (SEM). The particle size data
of the powder were obtained with Coulter Particle
Analyzer. The temperature dependence of the die-
lectric constant was measured in an automated
measurement system consisting of a PC computer,
an HP 4275A LCR meter, an HP 6942A multipro-
grammer, and a temperature chamber. The tem-
perature range were between — 70 C and 130 C.
The measuring frequency was 1 MHz. An HP-
4140B PA meter was used to measure the resistivi-
ty of the samples (about 1 mm thick) under 100 V
de voltage for 1 min.

3 RESULTS

3.1 Phase composition

Fig. 1 and Fig. 2 show the XRD patterns of the
BZN samples calcined at 770 C for 2 h and sintered
from 940 Cto 1040 C for 2 h, respectively. The
percentage of cubic pyrochlore phase (PDF 25443,
abbreviated as a phase) or orthorhombic pyro-
chlore phase ( PDF 330-711, abbreviated as B

phase) is calculated according to the following e

quation:
[ —_—
P = [_Lu+ [BXIOO%(x— a B (1)
where [q and Is are the strongest diffraction in-

tensities of the a phase and B phase, respectively
(Table 1).
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Fig.1 XRD patterns of BZN

From the XRD analysis, all the BZN samples
are found to have aB coexisting phase structure.
The sintering temperature is dropped by doping the
anatase Ti02. And the phase transformation from
B phase to aphase is performed with increasing sin-
tering temperature. Either doping the anatase Ti0>
or adding the surface active agent or both of them
can restrain the phase transition from B phase to a
phase.

3.2 Scanning electron micrograph

Fig. 3 presents the SEM images of the sintered
BZN-based ceramics. Compared with the original
BZN ceramic sintered at 1 000 C for 2 h, the sur
face active agent added and anatase TiO2-doped
BZN ceramic is of smaller and more homogeneous
grains.

3.3 Dielectric properties

T he dielectric properties of the sintered BZN-
based ceramics are listed in Table 2. The tempera-
ture coefficient a. is calculated by the following
equation:

Table 1 Phase composition of calcined BZN samples and sintered BZN samples

Phase composition of calcined BZN samples

Phase composition of sintered BZN samples

BZN Samples

w( a phase) / % wiBplese)fob  Sintering tempersturel T w(Bphushi®  wi@phusdi%
Original 73,3 76.7 i o ie e e
SAA-added 26.2 73.8 i o o s
Ti02-doped 13. 8 86. 2 Do e 250
Wy e e o T

a phase —Cubic pyrochlore phase; B phase —Orthorhombic pyrochlore phase
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Fig.2 XRD patterns of sintered BZN ceramic samples
(a) —Original; (b) —SA A-added; (¢) —Anatase TiO2-doped; (d) —SAA-added and Ti02-doped

Ppatas

Fig.3 SEM micrographs of BZN-based ceramic samples sintered at 1 000 C for 2 h
(a) —Original; (b) —Ti02-doped; (¢) —SA A-added; (d) —SA A-added and Ti02-doped
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Table 2 Dielectric properties of BZN ceramic samples

Sintering a/107°C! o tan & e
BZN Samples temperature/ Q- C ]
be _55C 85 °C 125 C ( cm) (1 MHz) (20 C,1 MHz)
1 000 28 12 > 10" < 0.0001 96.2
Original 1020 -7 - 18 - 23 > 10" < 0.000 1 107.0
1 040 - 45 - 85 - 90 > 10" < 0.0001 120.9
1 000 20 9 > 10" < 0.0001 98.9
SA A-added 1020 17 4 > 10" < 0.0001 97.3
1 040 - 12 - 19 - 23 > 10" < 0.0001 99.7
Ti0.doved 960 18 21.7 23.5 > 10" < 0.000 1 91.5
regaopec 1 000 - 15 - 24 - 24 > 10" < 0.000 1 98.9
SA A-added and 940 1 -1 - 2.9 > 10" < 0.0001 97.3
Ti0>-doped 980 — 27 - 30 - 29 > 10" < 0.0001 100. 6
d. = &— § (2) fore, Bi2O3, ZnO and Nb20Os are mixed sufficient-
8 X (- 1) ly. Moreover, during the following sintering

where & is the dielectric constant at ti( here 1 is
20 C), and & is the dielectric constant at > ( here
t2is = 55 C, 85 C, and 125 C, respectively).

Depending on the zero temperature coefficient
(0X30x 10°°/ C), the sintering temperature of
the BZN ceramics is in the range of 1000~ 1020 C
for the original samples. 1 000 =1 040 C for the
surface active agent added samples, 960 = 1000 C
for the Ti02-doped samples, and 940 =~ 980 C for
surface active agent added and TiO:-doped sam-
ples, respectively.

4 DISCUSSION

In BZN-based diphasic ceramics, the forma-
tion of Bphase structure may be related to the cou-
pling of 6s® lone pair electrons of Bi** ions '”. If
the sites of the pyrochlore structure are occupied
by Bi** ions only, the coupling among 6s’ lone
pairs might cause distortion of the cell and only B
phase occurs. When a certain number of Zn* ions
enter the A sites with increasing sintering tempera-
ture (t> 700 C), the coupling of 6s” lone pair elec-
trons among Bi’* ions is broken, and a phase ap-
pears.

The physical properties of the powders Bi2O3,
Zn0, and Nb,Os are different ( i,0,> Qo> Ru,o5,
where P represents the density; ds,o, > dzo >
dnb,0,, where d represents the particle size), so
the segregation phenomenon appears much easily
during the raw material mixing process. In the
BZN-based diphasic ceramics with the surface ac
tive agent added, the surface active agent wets the
powder and forms the adsorbed layer on the surface
of the solid particles, which weakens the surface
tension of the interface between solid and liquid
and enhances the dispersivity of the powders in the
liquid media when they are milled. This is benefi
cial to overcoming the shortcoming of insufficient
mixing in conventional ceramic processing. There-

process, the energy consumption is necessary for a
certain number of Zn> ions entering from B sites
to A sites. Because there are more carbohydrate
polymers (5% PV A and 1% SAA) which decom-
pose at lower temperature in sintering, the loose
ness and porosity of the BZN samples are in-
creased. The enerev produced bv the temverature
increasing from 950 Cto 1050 C is also exhausted
by the denseness of the BZN samples. So, there is
an approximate terrace at which heat is neither ab-
sorbed nor released from 950 C to 1 050 C in the
DT A curve (Fig.4). And there is less transforma-
tion from B phase to a phase.

960 C
Original
ke 950°C 1040C
983 C
TiO,-doped
0 4(l)0 8(')0 1200

Temperature/'C
Fig.4 DTA curves of BZN

In anatase TiO2-doped BZN-based diphasic ce-
ramics, the Ti"" (d= 0.068 nm) is supposed to en-
ter the B sites whose ion radius requirement is a-
bout 0.06~0.07 nm'"”". So, its composition can be
expressed as ( Bisx Zna- 3 ) (Zn: Nba- .-, Ti,) O7.
And the stability of BZN-based pyrochlore struc
ture is enhanced because of the more reasonable
matching in both ion radius and electronic valence
after the anatase Ti02 is doped. In addition, there
is a phase transformation from anatase TiO2 to ru-
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tile TiO2, whose endothermic value is about 1. 256
kJ/mol'™ . Thus, there is an approximate terrace
at which heat is neither absorbed nor released in
the temperature range of 983 £60 ‘C in the DTA
curve (Fig.4). During the following sintering
process, the process that a certain number of Zn*
ions in B sites enter the A sites needs energy con-
sumption; at the same time, the Ti02 phase trans-
formation also exhausts the energy. So, there is
less transformation from B phase to a phase.

In the sintering process of the anatase TiO»-
doped BZN-based diphasic ceramics with surface
active agent added, there are mainly four changes
needed to absorb the energy: 1) the grains of the a
phase and B phase grow; 2) a certain number of
Zn™ ions in B sites enter the A sites so as to com-
plete the phase transformation from B phase to a
phase; 3) the denseness of the samples is expected
because of the looseness caused by the more a-
mount of the carbohydrate polymers added; 4) the
Accord-

ingly, the grain growth of the BZN-based diphasic

anatase Ti0O:2 transforms to rutile TiO-.

ceramics is controlled (Fig. 3(d)), and the phase
transformation from B phase to a phase is also re-
strained.

The temperature coefficient of the BZN ceram-
ics with pure a phase structure is negative (- 4 X
10" %/ C) and that of the BZN ceramics with pure B
phase is positive (1. 5x 10" %/ C)'"”'| The temper-
ature coefficient of BZN ceramics with aB coexis-
ting phases depends on the content ratio of a phase
to B phase. The zero temperature coefficient of
BZN ceramics can be obtained in a proper content
ratio of a phase to B phase. So, the smaller the
change of the content ratio of B phase to a phase,
the smaller the change of the temperature coeffi
cient with increasing sintering temperature ( Table

1 and T able 2).
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