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ciuagEil 12 Agnet 200 The aim of this paper is to present a novel negative temperature coefficient (NTC)
Published online: thermistor based on A,Zr,O; (A = Nd, Sm, Gd, Yb) zirconate ceramics with pyro-
24 August 2020 chlore-type structure for high-temperature application. The zirconate ceramics were

synthesized via a solid-state reaction method where rare-earth oxides and ZrO, were

© Springer Science+Business  used as starting materials. The physical structures were characterized by X-ray

Media, LLC, part of Springer  diffraction, scanning electron microscopy, and Raman spectroscopy. It was confirmed

Nature 2020 that Nd,Zr,O; and Sm,Zr,0Oy; are pyrochlore phases, while Yb,Zr,0; and Gd,Zr,0;
are defect fluorite phases. The electrical property investigated by using resistance—
temperature measurements demonstrated that the prepared A,Zr,O; zirconate
ceramics exhibit a typical characteristic of NTC over a wide temperature range
between 673 and 1273 K. Particularly, A,Zr,Oy, in addition to having high activation
energy to ensure better sensitivity, can still maintain higher resistivity under high-
temperature environments. Furthermore, the resistivity of A,Zr,O; is almost inde-
pendent of the change in oxygen partial pressure. These properties are superior to the
classical spinel-type or perovskite-type NTC thermistor, providing valuable infor-
mation to explore new NTC thermistor for high-temperature applications.

Introduction attracted great attention due to the growing demand
for sensing, monitoring, and controlling systems that
have high precision and can withstand harsh envi-

With VigOI‘OUS developments in automotive elec- ronments. NTC thermistorsl as one of thermauy
tronics, military, and aerospace industries, negative  sensitive resistors, exhibit a monotonic decrease in
temperature coefficient (NTC) thermistors have  electrical resistance as the temperature increases. It is
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known that NTC ceramic materials are based on solid
solution of transition metal oxides, namely Mn, Co,
Ni, Fe, Cu, and Zn [1]. However, these materials
cannot be used for temperatures over 300°C because
of their instability and changing electrical properties
at high temperatures. Therefore, the investigation of
new high-temperature NTC thermistor materials is
imperative.

On the other hand, developing such kinds of
materials is not easy. The critical challenge is that
they must have high chemical and thermal stability.
Also, they have to withstand harsh environments of
high pressure and severe oxidation/corrosion, which
could be caused by the high temperature. To date,
several materials with different structures, such as
perovskite [2], spinel [3, 4], pyrochlore [5, 6], poly-
mer-derived [7], and scheelite [8, 9] ceramics, have
been investigated for high-temperature NTC ther-
mistor applications. Despite the progress, most
reported materials have a maximum upper temper-
ature limit of only 800 °C (supplementary informa-
tion found in Table S1). A novel hybrid system,
hybridizing a less resistive phase with a high resistive
phase [10], conferring good NTC performance, is
worth mentioning. This system has been used in
designing high-temperature thermistor materials
recently, whose operating temperature ranges from
room temperature to 800°C or even 1000°C. However,
due to the poor aging performance of these systems
[11-13], especially resistance changes are only a few
ohms or tens of ohms when it operates near the
ceiling temperature, which restricts their applica-
tions. Thus, the investigation of thermistor materials
that can be applied in temperatures exceeding 800°C
is still urgent.

In the recent decades, pyrochlore compounds with
the general formula A,;B,Oy, where A is a trivalent
rare-earth element and B is a tetravalent transition
metal element, have attracted great attentions
[14-17]. These compounds have structures that have
high chemical and thermal stability, which can
accommodate a wide variety of chemical substitu-
tions and structural defects and provide numerous
properties, such as superconductivity [14] and semi-
conductivity [15]. Thus, they have been considered as
candidates for catalysts [16], thermal barrier coatings
[17], and solid electrolytes in high-temperature fuel
cells [18]. When these compounds are used in the
aforementioned applications, it is worth noting that
rare-earth-based =zirconates with pyrochlore-type
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structure still maintain stable physical, chemical,
thermal properties under harsh environments,
including high temperature, high pressure, and sev-
ere oxidation/corrosion. Moreover, their electrical
properties depend on the composition and the degree
of disorder on the cation sites [18] and can be con-
tinuously modulated by substitution or doping.
These properties make them one of the promising
hosts for high-temperature thermistor [5, 6, 19].
However, to the best of our knowledge, there has
been no adequate research on the use of rare-earth
zirconates with pyrochlore-type structure for NTC
thermistors. Therefore, in this paper, we introduce a
novel NTC material based on A,Zr,O, (A = Nd, Sm,
Gd, Yb) zirconate ceramics with pyrochlore-type
structure. Since A,Zr,O; (A = Nd, Sm, Gd, Yb) zir-
conate ceramics exhibit a wide temperature range
between 673 and 1273 K, they are potential candi-
dates for NTC thermistor materials for high-temper-
ature application.

Experimental

A5Zr,07 (A =5Sm, Yb, Nd, Gd) ceramics were syn-
thesized via solid-state reaction method. The starting
materials were ZrO, (purity > 99.9%; Aladdin,
Shanghai, China), Sm,O; (purity > 99.9%; Aladdin,
Shanghai, China), Yb,O3 (purity > 99.9%; Aladdin,
Shanghai, China), Nd,O3 (purity > 99.9%; Aladdin,
Shanghai, China), and Gd,O; (purity > 99.9%;
Aladdin, Shanghai, China). The constituent chemicals
taken in stoichiometric ratios were ball-milled for 8 h
with ethanol as the mixing aid. After being dried at
423 K for 6 h, the mixed powders were uniaxially
compacted into disks of 8.5 mm in diameter and
1.5 mm in thickness at 20 MPa and then cold iso-
statically pressed at 300 MPa for 3 min to form pel-
lets. Finally, the pressureless sintering of as-prepared
pellets was performed in a furnace at 1923 K for 10 h
in air.

The Archimedes principle was used to measure
the densities of the specimens, utilizing deionized
water as an immersion medium. The theoretical
density of the solid solution was calculated using
molecular weight in a unit cell and lattice parame-
ters obtained from the X-ray diffraction (XRD)
results. XRD (Bruker D2 PHASER diffractometer,
Blue Scientific, UK) using Cu Ko radiation was
employed to identify the crystalline phase of the
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ceramics. For the Rietveld refinement of the XRD
data, analyses were performed in a range of 20 from
10° to 100° with a step size of 0.01°, and the General
Structure Analysis System software was used. The
surface morphology of the as-sintered ceramic pel-
lets was observed using a scanning electron micro-
scope (SEM; FEI Quanta 200 SEM, ThermoFisher
Scientific, MA, USA). The pellets were first rinsed in
an ultrasonic bath of ethanol for 30 min and then
were coated with a thin gold film on their surface by
vacuum deposition. The Raman spectra were
recorded with a micro-Raman spectrometer
(NRS1000, Japan Spectroscopic Company, Tokyo,
Japan) using an Ar" laser (20 mW, 532 nm) as the
excitation source in the backscattering configuration.
For the characterization of electrical properties,
sintered pellets were first rinsed in an ultrasonic
bath of ethanol for 15 min, then painted with a
conducting platinum paste on both sides, and baked
as electrode at 1173 K. Resistance was measured
from 673 to 1273 K in the air by using a digital
multimeter (Keithley 2000). The resistance was also
measured in N,-O, gas mixture with oxygen partial
pressures of 1072 and 10> atm. The measurement
was performed in a closed tube furnace, and the
oxygen partial pressure was measured and con-
trolled with an yttria-stabilized zirconia oxygen
sensor close to the specimens. Aging test was con-
ducted by keeping the pellets in an oven at 1073 Kin
the air for 300 h. The relative resistance drift of
aging pellets was defined by the relationship 4R/
Ro= (R — Ry)/Ry, where Ry and R are the resistance
at 1073 K before and after aging, respectively.

Results and discussion

Typical surface micrographs of A;Zr,O; (A = Nd,
Sm, Gd, Yb) ceramics sintered at 1923 K are dis-
played in Fig. 1. The surface morphologies of all
samples were similar, the microstructures are dense,
the grain boundaries are clear, no other phases are
formed, and the average grain size is about 5 um.
Relative densities of the A,Zr,O; (A = Nd, Sm, Gd,
Yb) ceramics are 97.7%, 96.1%, 96.4%, and 94.9%,
respectively.

Figure 2 shows the XRD patterns of A,Zr,0O;
(A = Nd, Sm, Gd, Yb) ceramics. The XRD pattern of
the zirconia is also shown for comparison. The dis-
appearance of the diffraction peak of zirconia
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(baddeleyite-type monoclinic zirconium oxide,
JCPDS card no. 37-1484) obviously proves that it has
been combined with the rare-earth oxide at the sin-
tering temperature. The major diffraction peaks
around 20 = 29°, 34°, 48°, and 57° for Nd,Zr,O,,
Sm,Zr,07, Gd,Zr;,07, and Yb,Zr,O; ceramics, agree
with the literature [5, 6, 19], indicating that the as-
prepared zirconate ceramics are identified as single
phase. On the other hand, the position of the
diffraction peak gradually shifts toward the high-
angle region. This is attributed to the shrinkage of the
lattice volume, which is caused by the decrease in the
radius of A" cations of A,Zr,O, (A = Nd, Sm, Gd,
Yb) ceramics. Furthermore, the XRD patterns for the
four ceramics reveal a difference in the presence of
typical superlattice peaks at 20 values of about 14°
(111), 28° (311), 37° (331), 45° (511), and 51° (531) [20].
The appearance of superlattice peaks is the charac-
teristic of the pyrochlore phase distinguished from
the defect fluorite phase, which is attributed to the
ordered arrangement of A>*/Zr** cations. According
to the research by Mandal et al. [21, 22], the structural
order degree of these solid solutions is closely related
to the ionic radius ratio of #(A>")/r(Zr**). The rare-
earth zirconates exhibit a defect fluorite-type struc-
ture for r(A*")/r(Zr**) < 1.46 and a pyrochlore-type
structure for (A3 /r(Zr*") > 146. In A,Zr,0,
ceramics, the ionic radius is 0.72 A for Zr*t in the
sixfold coordination. Also the ionic radius is 1.109 A
for Nd>*, 1.079 A for Sm>*, 1.053 A for Gd>*, and
0.985 A for Yb** in the eightfold coordination [23], in
which the value of r(A*")/r(Zr*") corresponds to
1.54, 1.49, 1.46, and 1.36, respectively. Based on the
value of r(A*")/r(Zr*") and the presence of super-
lattice peaks, Nd,Zr,O; and Sm,Zr,O; should be
identified in the pyrochlore structure and Yb,Zr,O;
should be identified in the defect fluorite structure.
Although r(A*")/r(Zr**) of 1.46 indicated that it
would incline to form a pyrochlore structure, Gd,.
Zr,0O, exhibits the defect fluorite structure as the
sintered temperature is higher than the order/disor-
der transition temperature (1803 K) [24]. These
properties can be further proved from the Rietveld
refinement results. Figure 3 shows the Rietveld
refinement of the XRD patterns of A,Zr,O; (A = Nd,
Sm, Gd, Yb) ceramics after sintering at 1923 K. Profile
R factors (Rp, Rwp) and all the extracted parameters
from the refinement analysis are summarized in
Table 1. The fitting provides good agreement
between the experimental and calculated data based
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Figure 1 SEM images of
AyZr,07 (A =Nd, Sm, Gd,
Yb) samples sintered at

1923 K: a Nd»,Zr,07,

b Sm,Zr,0, ¢ Gd,Zr,0,, and
d Yb,Zr,04.
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Figure 2 XRD patterns of A,Zr,0O; (A =Nd, Sm, Gd, Yb)
ceramics and zirconia.

on relatively lower R, and R}, (< 10%) values, which
further confirmed the single-phase pyrochlore struc-
ture of Nd,Zr,0; and Sm,Zr,O; and the single-phase
defect fluorite structure of Yb,Zr,O; and Gd,Zr,0;.
Raman spectroscopy is commonly used because it
is more sensitive to the vibration of oxygen ions.
Figures 4 and 5 display the Raman spectra of sintered
AyZr,0O; (A =Nd, Sm, Gd, Yb) ceramics and their
deconvolution results. According to the group the-
ory, pyrochlore A,Zr,O; belonging to the space
group Fd3m with Z = 8, has six Raman active modes,
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which can be represented as I'= Ao+ Eg +4F;; [25].
As shown in Figs. 4 and 5, for pyrochlore phase, the
Eg; mode presented at 305 cm”}, F>; mode presented

at 405 cm™', and A;; mode presented at 520 cm™

correspond to the O-A-O bending vibration, Zr-O
stretching vibration, and A-O stretching vibration,
respectively. It is clear that Nd,Zr,O; can be classi-
fied into the pyrochlore structure based on the pres-
ence of characteristic Raman active modes.
Subsequently, the E, Raman active mode at 305 cm ™"
of the other samples becomes broad and weak. This
broadening could not be attributed to the smaller
particle size because the samples were synthesized
via high-temperature sintering route. Furthermore,
the XRD patterns are reasonably sharp and the
observation from SEM indicates the size of the par-
ticles is in the micro-regime. Ordered compounds,
like pyrochlore, also have disorder due to the pres-
ence of vacancy and defects, which disrupts the
translational symmetry in the lattice and, conse-
quently, relaxes the k = 0 selection rule. Hence,
phonons from all parts of the Brillouin zone start
contributing to the optical spectra, thereby giving rise
to broadened, continuously spread, and weak-inten-
sity bands [26]. In Figs. 4 and 5, a comparison of the
Raman spectra indicates that the spectrum of Smy.
Zr,0, is similar to that of Nd,Zr,O, with even
broader and weaker modes, which indicates a ten-
dency toward disordering of the pyrochlore
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Figure 3 The Rietveld refinement results for the XRD patterns of A,Zr,0; (A = Nd, Sm, Gd, Yb) ceramics after sintering at 1923 K.

structure, giving rise to the defect fluorite structure.
However, the spectrum of Sm,Zr,O; still has a
characteristic shape, which makes it possible to
attribute the anion sublattice to the pyrochlore-type
structure, since the cation sublattice becomes disor-
dered earlier than the anion sublattice during the
crystallization [27]. In other words, the lattice of
Sm,Zr,O; ceramics is supposed to be short-range
disordered and long-range ordered [26, 27]. After
that, as the radius of cation decreases, the spectra of
GdyZr,0O; and Yb,Zr,O; broaden, and the peak
intensity becomes sharply weak, which is accompa-
nied by lattice volume shrinkage (see Table 1). This
indicates that there is a tendency to form a disordered
pyrochlore-type anion sublattice, which means an
ordered/disordered structural transformation hap-
pens. Accordingly, the defect fluorite structure of

Yb,Zr,0,; and Gd,Zr,O, can be confirmed, which is
in accordance with the XRD analysis.

Figure 6 shows the natural logarithm of the resis-
tivity (p) as a function of the reciprocal temperature
(1000/T). For all curves, the resistivity decreases
exponentially as the temperature increases, indicat-
ing a typical NTC characteristic. This can be attrib-
uted to the characteristic that the dominant ion
diffusion in zirconate is a thermal activation process
[28]. It is, therefore, reasonable to believe that the
oxygen vacancy-hopping diffusion will be improved
at elevated temperature, resulting in the reduction of
resistivity, thereby giving the NTC effect. Further-
more, it is evident that a linear relationship between
these two parameters exists over the range of 673 K-
1273 K, which conforms to the classical Arrhenius
relationship: p = p,exp(—E,/kT) [28]. p, is the resis-
tivity of the material at infinite temperature, T is the
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Table 1 Summary of the results obtained from the Rietveld refinement of the XRD patterns for A,Zr,0; (A = Nd, Sm, Gd, Yb) ceramics

Sample a=b=c@),a=p=79=90°

R R

P wp
Space group Atom Atom positions Wyck. s.of Lattice parameter (A) Lattice volume (A®)
x y z
NdyZr,0O; Fd-3m (227) Ndl 0.5 0.5 0.5 16d 1 10.64327 1205.661 5.10 4.37
7r2 0 0 0 16¢ 1
03 0.33506 0.125 0.125 438f 1
04 0.375 0375 0.375 8b 1
Sm,Zr,0; Fd-3m (227) Sml 0.5 0.5 0.5 16d 1 10.59987 1190.972 4.14 2.84
Zr2 0 0 0 16¢ 1
03 0.33174 0.125 0.125 48f 1
04 0.375 0.375 0.375 8b 1
GdyZr,0; Fm-3m (225) Gdl 0 0 0 4a 0.5 5.26243 145.733 4.15 2.67
Zrl 0 0 0 4a 0.5
(0] 0.25 0.25 025 8¢ 0.875
Yb,Zr,0; Fm-3m (225) Ybl 0 0 0 4a 0.5 5.17131 138.294 5.58 3.83
7r2 0 0 0 4a 0.5
03 0.25 025 025 & 0.875

Wyck. Wyckoff positions, s.0.f site occupancy factor

L T —— Yb,Zr,0,
Gd zr,0,
SmZr,0,

<—0-A-0 bending

Intensity (a.u)

A-O stretch

o

Zr-0 stretch

200 300 400 500 600 700 800
Raman shift (cm'l)

Figure 4 Raman spectra of sintered A,Zr,O; (A = Nd, Sm, Gd,
YD) ceramics.

absolute temperature, k is the Boltzmann constant
and E, is the activation energy for electrical conduc-
tion that can be calculated from the slopes of the Inp
versus 1/T plots. In addition, the thermistor constant
B and temperature coefficient of resistance o, which
indicates sensitivity to temperature excursions, are
given in the following equations:

B =[(T1 x T2)/(T2 — T1)]/Ln(R1/Rz) (1)
ar = (1/p)(9,/0r) = —B/T2 (2)

@ Springer

where R; and R, are the resistance of the thermistor
at temperatures T, and T, respectively. The values of
P1273K, B constant, o, and E,, as well as the relative
resistance drift after aging at 1073 K in air for 300 h
are listed in Table 2. It can be seen from Fig. 6 and
Table 2 that all electrical parameters increase as
(A" /r(Zr*") decreases. Particularly, the pia7sx of
NdyZr,0; and Sm,Zr,O; with pyrochlore phase is
significantly lower than that of Gd,Zr,O; and Yb,.
Zr,0O; with the defect fluorite phase. This means the
size of the ionic radius of A*>* has a decisive influence
on the conductivity of A,Zr,O7 (A = Nd, Sm, Gd, Yb)
ceramics. Wilde and Catlow [29] reported that in the
pyrochlore, the diffusion mechanism underlying the
conductivity is dominated by oxygen ion vacancy
hopping along the 48f sites. This because only the 48f
sites always have 8b, 8a and 48f sites as second
nearest neighbours in detailed structure of A;Zr,Oy,
and these adjacent 48f sites can finally form a con-
tinuous chain along which oxygen vacancy-hopping
diffusion could take place. As indicated by the XRD
and Raman analyses, A;Zr,0O; (A = Nd, Sm, Gd, Yb)
ceramics have a tendency to form the disordered
structure as the radius of A" cations decreases,
which means the number of 48f oxygen vacancy
decreases. The reduction in oxygen vacancies will
undoubtedly increase the energy barrier for oxygen
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Figure 5 Deconvolution results of Raman spectra for A,Zr,O; (A = Nd, Sm, Gd, Yb) ceramics.

ion 48f vacancy hopping, thereby resulting in the
increase of electrical resistivity and activation energy
in the sequence of Nd,Zr,0;, Sm,Zr,0;, Gd,Zr,0y,
and Yb,Zr,0,.

In addition, the sensitivity of NTC thermistors can
be defined in the following equation because of
B = E,/k: or=(1/p)(@©,/dr) =— B/T* = — E,/(kT?).
This equation indicates that the larger the E, and
constant B, the higher is the ar of a thermistor. Since
ar exponentially decreases with the temperature
factor of T2, there is a gradual decrease in sensitivity
as temperature arises. Therefore, it is required that
thermistors should have high E, and constant B to
maintain high sensitivity at high temperatures. As
shown in Table 2, although the calculated E, and
constant B of zirconate ceramics decrease as r(A3")/

r(Zr*") increases, the values obtained are much
higher compared to high-temperature NTC materials
reported in the literature [2, 30-34], almost more than
twice as high. As a consequence, Yb,Zr,O; has or
values as high as —2.353%/K at 773 K and
— 1.022%/K at 1173 K, indicating better precision in
high-temperature measurements. Even Nd,Zr,O;
with the lowest value of E, and constant B has ot
values of — 1.642% /K at 773 K and — 0.713%/K at
1173 K, nearly twice than that of the perovskite-based
NTC materials [1, 2, 10, 30-34]. Therefore, this nature
evidently makes A,Zr,O; (A =Nd, Sm, Gd, Yb)
ceramics retain a sufficient sensitivity, allowing
extended application at high temperatures. More-
over, as listed in Table 2, the relative resistance drift
of A,Zr,0O; (A = Nd, Sm, Gd, Yb) ceramics was in the
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Figure 6 The resistivity of A,Zr,O; (A=Nd, Sm, Gd, Yb)
ceramics as a function of temperature.

range of 0.34—4.23% after aging at 1073 K in the air for
300 h, possessing better aging stability compared
with the perovskite-type structural high-temperature
NTC ceramics materials [11-13]. Therefore, both
sufficient sensitivity and good aging stability make
AyZr,0O; (A = Nd, Sm, Gd, Yb) ceramics candidates
for high-temperature NTC materials.

Figure 7 shows the resistivity at the upper tempera-
ture limit obtained from recent progress in high-tem-
perature NTC materials, including YCrysMng 05 [2],
Y;05-YCry sMng 505 [10], BizZn,Sb,014 [30], 0.6MgAl,.
O4—O.4LaCr0.5Mno,5O3 [31], SI'7MII40]5 [32], Bi203—
WO;-Ta,05-TiO; [33], and BaTiO; + BaBiO; [34]. For
the sake of comparison, the experimental data of our
work are also provided. As indicated previously, most
materials reported a maximum upper-temperature
limit of only 800°C. Although the novel hybrid systems,
such as 0.6MgAl,O,—0.4LaCrsMng 505 [31] and Y,O3—
YCrsMng 505 [10], claimed an upper temperature limit
as high as 1000°C, both resistance values and its changes
are only several or tens of ohms, which still restricted
their practical application. As we have known, for
practical applications, the circuit design of the NTC
thermistor usually requires a resistance value change

J Mater Sci (2020) 55:15405-15414
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Figure 7 Experimental data (Lnp) from earlier studies

[2, 10, 30-34] at the upper temperature limit compared with
A>Zr,07 (A =Nd, Sm, Gd, Yb) ceramics.

within a certain range (commonly from 100 Q to
100 kQ) in order to select a suitable operating temper-
ature range. Therefore, the NTC material has the ability
to maintain high resistivity at high temperature, which
is a key factor. From Fig. 6 and Table 2, it is noteworthy
that the value of resistivity for each zirconate is much
larger than that reported in the literature, and it is often
several times or even an order of magnitude higher at
the same temperature [2, 10, 30-34]. This, coupled with
the high E,, helps designing the NTC thermistor that can
really achieve a temperature up to 800°C or even
1000°C. Furthermore, as shown in Fig. 8, by comparing
the resistivity of A;Zr,0; (A =Nd, Sm, Gd, Yb)
ceramics in air and an atmosphere with different oxygen
partial pressures at 1073 K, we find that their resistivi-
ties are almost independent of change in the oxygen
partial pressure. This may be due to the oxide-ion con-
duction characteristics of zirconate, where ionic diffu-
sion in this series is dominant and only thermally
activated, while electronic conduction is negligible [28].
We will further carry out this works concentrating on
why the zirconate ceramics retain a stable electrical
characteristic under different oxygen partial pressures.
But even so, this oxygen-insensitive characteristic is

Table 2 Electrical parameters of A,Zr,O; (A = Nd, Sm, Gd, Yb) ceramics

Sample p1273k (Q cm) Be73/1273 (K) E. (eV) o773k (Y0/K) o173k (%/K) AR/R (%) Az
Nd,Zr,0, 1512.52 9812 0.8456 — 1.642 — 0.713 0.34 1.54
Sm,Zr,04 2094.92 10781 0.9290 — 1.804 — 0.784 4.23 1.49
Gd,Zr,0, 2809.85 12117 1.0441 — 2.028 — 0.881 248 1.46
Yb,Zr,04 5289.09 14060 1.2116 — 2.353 — 1.022 3.23 1.36
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Figure 8 Oxygen partial pressure dependence of electrical
resistivity for A,Zr,0O; (A = Nd, Sm, Gd, Yb) ceramics.

superior to the classical spinel-type or perovskite-type
NTC thermistor because the resistivity of such oxides has
a close relationship with oxygen partial pressure [10, 35].
These results mean that, in addition to being applicable
to air, zirconate ceramics may also have a potential
application in high-temperature environments with
oxidation/reduction, providing valuable information to
explore new high-temperature NTC thermistor.

Conclusions

Novel high-temperature NTC thermistor materials
based on A,Zr,O; (A = Nd, Sm, Gd, Yb) zirconate
ceramics with pyrochlore-type structure are synthe-
sized via solid-state reaction method. Electrical mea-
surements confirm that the prepared ceramics exhibit
a typical NTC characteristic over a wide temperature
range between 673 and 1273 K. It is also found that, in
addition to high E,, A,Zr,O; can maintain high resis-
tivity under high-temperature environment, and the
resistivity is almost independent of the change in
oxygen partial pressure. These properties are superior
to the classical spinel-type or perovskite-type NTC
thermistor, providing valuable information to further
explore new high-temperature NTC thermistor.
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