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Electrical characterisation of Nios5C003Cro2Mn20s thermistors
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Abstract

Negative temperature coefficient (NTC) thermistors are ceramic semiconductors derived from metal
oxides such as Mn, Ni, Co, Cu, Cr, Fe etc. The electrical resistance of NTC thermistors decrease with
increasing temperature. In industrial applications, the desired material constant (B) of NTC thermistors is
in the range of 2000 to 5000 K and the sensitivity coefficient (a) is in the range of (-2.2) to (-5.5) %/K. The
electrical properties of NTC thermistors can be changed significantly by the type and molar ratio of metal
oxide additions as well as the selected process parameters during manufacturing of samples. In this study,
the effect of Cr20saddition on the electrical properties of Mn-Ni-Co-O NTC thermistors sintered at 1100°C
for 5 hours was investigated. The electrical resistance was measured in a temperature programmable
furnace between 25 and 85°C in steps of 0.1°C. The material constant “B”, the activation energy “Ea” and
the sensitivity coefficient “a” values were calculated. The aging behaviour of Mn-Ni-Co-Cr-O NTC
ceramics was also investigated by electrical resistivity measurement after aging.
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1 Introduction

Thermocouples, thermistors and electrical resistance-
temperature detectors (RTD) are used for sensitive
and accurate determination of temperature. The ad-
vantages of thermistors compared to other sensors
are their low cost, small size, fast response time and
wide variation of electrical resistance against tem-
perature. Thermistors, manufactured by using vari-
ous metal oxides at specific ratios, can be classified
into two types, (1) increasing resistance with temper-
ature known as Positive Temperature Coefficient
(PTC) and (2) decreasing resistance with tempera-
ture, Negative Temperature Coefficient (NTC). Some
transition metal oxides (derived from Mn, Ni, Co, Fe,
etc.) have been widely used as NTC thermistors. The
oxides represented by the general formula AB20s
exhibit a spinel- type crystal structure. In this chemi-
cal formula, "A" represents one or more divalent
metal oxides (NiO, CoO, CuO, FeO etc.) and "B" also
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represents one or more trivalent metal oxides
(Mn20s, Fe20s etc.) [1].

Electrical conduction in NTC thermistors takes place
by an electron hopping mechanism based on the
principle that charge carriers jump from one ionic
site to another. This mechanism in the spinel struc-
ture can only occur between ions of different valence
of the same element on the B sites. However, the
electron hopping mechanism is not possible on the A
sites due to the larger distance between two adjacent
ions.

As mentioned in the literature, the electrical charac-
teristics of nickel manganite based NTC thermistors
are altered by the addition of additives such as
C020s, Fex0s, Cr:0s, CuO [2-6]. Having a single
phase structure is an important property for the en-
hanced electrical properties of thermistors.

It has been reported that the single-phase spinel
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structure changed according to the amount of Ni
content in NTC thermistors. Jung et al. [2] reported
that single-phase cubic spinel formation occurs when
the Mn / (Mn+Ni) ratio is 0.82 or less, and tetragonal
spinel formation occurs above this ratio. In another
study, it is also determined that formation of single-
phase cubic spinel occurs when x = 0.8 in NixMns3xOa
system [3].

Duran et al. [4] studied the sintering behavior of Co-
doped nickel manganite in their work. For this pur-
pose, samples were prepared according to the stoi-
chiometry of CoxNiMn2xOs (0.2 < x £ 1.2) and sin-
tered at 900-1200°C for 6 hours. According to the
XRD  analysis  results,  Co002NiMni.sOs4
C006NiMn1.4Os samples have cubic spinel structure
whereas Co01:2NiMnosOs sample, including the high-

and

est amount of cobalt content, has tetragonal struc-
ture. It is also reported that the grain size decreases
with increasing Co content and bulk density changes
with the change of sintering temperature rather than
Co content. All samples had maximum density at
1050°C (92-99.9%).

Vidales et al. [5] studied the fabrication and charac-
terisation of Mn-Ni-Co-O NTC thermistors. It is stat-
ed that most of the NTC thermistors possess the spi-
nel structure and NixMnsxOs system shows the best
performance. In this study, compositions were pre-
pared according to the stoichiometry of Mn2
«Ni1CoxOs (x= 0.2, 0.6, 1) and Mn1.5Ni06C0090s. It is
reported that the tetragonal and cubic phases formed
when the sintering temperature was between 200-
400°C, but the single cubic spinel phase formed with
increasing sintering temperature from 500 to 1000°C
for the Mn1sNiosCo09Os samples. The material con-
stant (B) values are found 3068-3804 K in the range
between -10 and 200°C.

Varghese et al. [6] investigated the effect of Fe and Cr
addition on the electrical characteristics of Ni-Mn-O
NTC thermistor ceramics. Samples were prepared by
conventional ceramic processing techniques accord-
ing to the stoichiometry of Nio7sMn22sxyCr<FeyOs (0 <
x <03, 0 <y <0.3). XRD analysis showed the for-
mation of cubic spinel structure in the samples sin-
tered at 1150 and 1200°C and no secondary phase
was observed. The formation of single phase cubic
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spinel is very important for the development of sta-
ble and reliable NTC thermistors. The partial de-
composition of cubic spinel phase occurs forming
rock salt NiO phase when the sintering temperature
is increased above 1200°C. The relative density of the
samples was found to be in the range of 96-98%. It
has been found that resistivity, activation energy and
the B value increase with increasing sintering tem-
perature and the amount of Cr20s content. This in-
crease in resistivity has been explained as a change in
cation distribution. It has been reported that Fe’* and
Cr¥ substitution does not change the valence of Mn®,
it only changes the hopping distance between the
charge carriers Mn* - Mn#*. Consequently, the hop-
ping probability of charge transfer decreases with
increase in Cr and Fe content.

Park [7] investigated the effect of Cr addition on the
microstructure and electrical properties of Y-Al-Mn-
Fe-Ni system. It could be possible to manufacture a
thermistor that covers a wide temperature range
(from room temperature to 600°C) using a mixture of
Y203 and Al2Os and transition metal oxides (such as
MnO, Fe20s, NiO, Cr20s3). Such mixtures facilitate an
expanded selection of new compositions with the
desirable property to measure a wide temperature
range. It is reported that the grain size and density of
the Cr203 doped samples are higher than those of the
non-doped samples and demonstrated that the Cr203
could act as a dopant as well as a sintering aid. In-
creased electrical resistivity and B value with the
addition of Cr20s are also observed.

For Ni-Mn-Co-O, Ni-Mn-Cr-O and Ni-Mn-Co-Cr-O
systems, examples of the experimental conditions
and the results of studies in the literature are given in
Table 1. In this study, the effect of Cr20s addition on
the electrical properties of Ni-Co-Mn-O NTC ther-
mistors was investigated.

2 Material and Method

The conventional ceramic processing technique was
used to prepare NiosCoosCro2Mn20s sample. The
metal oxide powders were ball-milled for 6 hours
with ethanol using ZrO:2 balls. After drying at 110°C,
the resulting powders were calcined at 900°C for 2
hours. Powders were mixed with polyvinyl alcohol
(PVA) as a binder then pressed into discs at 450 MPa
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to prepare samples 12 mm in diameter 3 mm in
thickness. The samples were sintered in air at 1100°C
for 5 hours employing a 360°C/hour heating rate then
cooled naturally in the furnace.

Table 1. A summary of the experimental conditions and
results of some studies for the NTC system based on Ni-
Mn-O in the literature.

Sintering 0 Bas:
oy 25 25/85
Composition Temp?ra- (Q.cm) ) REF
ture Time
Nio7CoosMnis | 1200-1280°C
Os 3 hours 725 3563 Bl
Nio75CrosMni.9 1150°C
O 3 hours 3179 3937 [6]
Mn1.1Ni1.4Coo2 1260°C
9Cr0.2104 3 hours 7762 3264 | [10]

In order to determine the electrical properties of sin-
tered samples, two opposite sides of samples were
coated with silver paste to form electrodes. The elec-
trical resistivity “p” (Q.cm) of the samples were cal-
culated using Equation 2.1;

R xA
p= | 2.1)

where R (Q) is the resistance value at room tempera-

ture, A is the cross-sectional area and 1 is the thick-
ness of the sample.

The electrical resistance was measured in a tempera-
ture programmable furnace between 25 and 85 °C.
The material constant B (K) was calculated using
Equation 2.2. In this equation, pz (Q.cm) and pss
(Q.cm) being the resistivity at temperature Tz (°C)
and Tss (°C), respectively. The sensitivity coefficient at
25°C of samples azs (-%/K) calculated using Equation
2.3.

N pos —IN pgg
Bosias = 1 1 (22)
Ty T
B
a=— (23)

2

The activation energy Ea (eV) of samples was found
by the Equation 2.4, where ks is the Boltzmann con-
stant, 8.617 x 105 eV.

E, =Bk, (24)
The samples were held at 150°C for 100 hours in or-

CBU J. of Sci., Volume 13, Issue 2, p 401-405

der to determine the aging behavior of
Nios5Co003Cro2Mn204 sample. The change in resistance
after aging was found using Equation 2.5.

R-R
% AR =Mx100
R

0

(2.5)

3 Results and Discussion

The electrical properties (such as electrical resistance,
resistivity, material constant, activation energy, sen-
sitivity coefficient) of NiosCoosMn20s sample was
reported in our previous study [8]. In this study, the
influence of Cr20s addition on the electrical proper-
ties of Ni-Co-Mn-O NTC system was investigated
and compared to the result of our previous work [8].
The comparison of the results obtained in our two
studies is shown in Table 2. A linear dependence of
log p versus 1000/T for NiosCoo3Cro2Mn204 sample is
shown in Figure 1.

The electrical resistance and resistivity of
NiosCo0sMn204 sample are found as 266 Q2 and 1330
Q.cm, respectively [8]. With the addition of Cr20s,
these values increased to 405 Q and 2290 Q.cm for
Nio5C003Cro2Mn204 sample.

The material constant of NiosCoosMn20s sample was
obtained as 3797 K [8], it increased to 4019 K with the
addition of Cr20s.

The activation energy of NiosCoosMn20s sample was
found as 0.327 eV [8] and the value of 0.346 eV was
obtained for NiosCoo3Cro2Mn20s sample. Similarly,
the sensitivity coefficient increased from 4.275 -%/K
to 4.525 -%/K with addition of Cr20a.

Table 2. The electrical properties of NTC samples sintered
at 1100°C for 5 hours.

COiIil:r(l)Sl- N10.5C0[08.5]Mn204 Ni0.5C003Cro2Mn204
R (Q) 266 405

p25 (Q.cm) 1330 2290

Basss (K) 3797 4019
Ea (eV) 0.327 0.346

azs (-%/K) 4.275 4.525
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Figure 1. Relationship between log p and reciprocal of the
absolute temperature (1000/T) for Nios5Co003Cro2Mn20s
sample.
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A comparison with the results of previous studies
doped with Cr20s are summarized in Table 1.,
NiosCo03Cro2Mn204 sample has lower electrical resis-
tivity and higher B value. This result is desirable for
NTC thermistors.

It is also important to note that the properties of NTC
thermistors are very sensitive to selected raw materi-
als, experimental conditions and composition ratios.

Park and Han [10] investigated the effect of Cr203
addition on the microstructure and electrical proper-
ties of Mn-Ni-Co-O NTC thermistors. Samples were
prepared according to the stoichiometry of
Mni1.1Ni14C005xCrxOs (0.07 £ x < 0.35) and sintered at
1260°C for 3 hours. As a result of electrical measure-
ments of the samples; it was found that resistivity
(4753 - 15849 Q.cm) and B (2386 - 4492 K) values
were increased with increasing Cr content. The elec-
trical resistivity at room temperature of
Mn1.1Ni14Co0504 sample was found 4753 Q.cm and
this  value 7762
Mn1.1Ni14C0029Cr02104 sample. The amount of Co3O4
decreased with increasing Cr content, thus Co?/Co3
ions at octahedral sites decreased. As a result, in

increased to Q.cm  for

order to provide electrical neutrality, the number of
Mn*/Mn* ions at octahedral sites decreased and so
resistivity of Cr doped samples increased [10].

In order to understand the electrical stability,
Nio5C003Cro2Mn204 sample was held at 150°C for 100
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hours. Using Equation 5, the change in electrical
resistance of NiosCo03Cro2Mn20s sample after 100
hours aging test was found to be — 7 %.

4 Conclusion

The addition of Cr20s3 to Ni-Mn-Co-O NTC thermis-
tor gave rise to increase in electrical resistivity, mate-
rial constant, activation energy and sensitivity coeffi-
cient. In comparison with literature [9,10], lower
electrical resistivity with higher B value for
NiosC003Cro2Mn20s sample was obtained. Further-
more, the change in electrical resistance of the
Nio5C003Cro2Mn204 thermistor after aging was found

tobe —7 %.
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