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In this paper, we report our results on the electrical properties and aging phenomenon

(or resistance drifts) of Negative Temperature Coefficient thermistors manufactured out of
manganite ceramics of general spinel structure: Mnz_,_, MyN, O, (0<x+x'<1; Mand N
being Ni, Co or Cu). It is shown that the resistance drift is not a result of the use of metallic
electrodes or metal/ceramic interfaces. However, thermal treatment used to bond metallic
electrodes on ceramics triggers the electrical aging. Components with almost no electrical
drift can be obtained by carefully controlling this metallization treatment. Beyond this
experimental result we have tried to determine a suitable basic origin explaining the aging
of NTC. Depending on the studied solid solutions, i.e. cations involved in the spinel
structure, many overlapping complex ionic diffusion mechanisms might be operating.
However, our study suggests that electrical aging might be triggered by the high mobility
of Mn3* cations which have the tendency to gather in clusters in such oxide structure.
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1. Introduction ing, and have enabled to promote these electronic pas-
Thermistors with Negative Temperature Coeffici- sive components as a competitive industrial material.
ent electrical resistance (N. T. C.) are semi-conductinglowever this drift is still a real problem that has not
ceramics. They are polycrystalline materials, thebeen solved.
compositions of which is a mixture of transition To progress in the knowledge of this complex ag-
metal oxides. The primary characteristic of theseing phenomenon we have undertaken a fundamental
electroceramics is their capability for a wide change inresearch aiming at investigating pure and single phases
electrical resistance with a change in body temperaturenf nickel, cobalt and copper maganites solid solutions
To obtain fast speed response N. T. C. are usually smaihich present resistance drifts at 12680exceeding
(few cn?® or mm?). They are often the first choice for sometimes 100% after several hours. These mangan-
most temperature sensors since they are rather chedtes crystallize with a spinel structure. They resultin the
However these electronic devices have a drawbacksubstitution of nickel, cobalt and/or copper to manga-
For general-purpose temperature measurements NT@ese constituting hausmannite (M): Mnz_y_x
present an electrical resistance drift (or aging) which isMyNyx O4 (0 < X + X" < 1; Mand N being Ni, Co or Cu).
usually of few % under simple thermal stress. The aging
coefficientis measured by the relative variatiaR/ R,
of thermistors held at 12% in air for different periods 2. Experimental procedure
of time, up to 1000 hoursAR/R is usually arround 2.1. Sample preparation
0.5 to 2% for commercial components. Obviously thisOxide powders in Mn-Cu, Mn-Co-Cu, Mn-Ni-Cu, Mn-
instability is a problem, which sometimes impede theNi-Co and Mn-Ni systems have been prepared by ther-
use of this passive semi-conducting component. mal decomposition of mixed salt precursors (oxalate
Numerous studies have been devoted to the stabilizasr hydroxide) using a method described in detail else-
tion of such materials. Several semi-empirical improve-where [5-8]. The resulting oxide powders were then
ments have been achieved by adjusting the morphologmixed with an organic binder and pressed into disc
of the starting powders (density, chemical compositiorform by applying a pressure of 7 kbars. The discs
and microstructure) [1], the nature of electrodes [2], thehad a diameter of 0.5% 0.04 cm and a thickness of
cationic distribution [3], and the addition of impurities 0.25+ 0.04 cm. These pressed discs were then sintered
[4]. Such perfections have contributed to decrease agand either slow cooled or quenched depending on the
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TABLE | Preparation conditions for single phase polycrystallized ce-technique, the faces of ceramics have been covered by

ramics of copper, copper-cobalt, nickel-copper, nickel-cobalt and ”ic"e'evaporation with a thin film of about 100 nm of silver

manganites. For each single phase spinel structure, sintering temperatu .

and cooling rate have been reported Gf gold. Electrodes deposition have been done under a
vacuum of about 1 bars.

Mnz_xCuxO4 Mn26_xC0p.4CuyOs
T Cooling T Cooling 3. Results
X °C) rate X “C) rate 3.1. Effect of thermal treatment used to
o 1950 quench o 1250 quench deposit metallic electrode
u u . - .
0.15 1200 quench 0.05 1130 quench At flrst,_ we focused on a specific composition:
0.3 1200 quench 0.2 1130 quench MnN1goNio66Clo.asOs, Obtained by slow cooling (€/
0.45 1150 guench 0.3 1130 quench hour) after sintering at 118C as a single phase
0.6 980 quench 0.39 1130 quench polycrystallized ceramic. The results obtained on a 47
g-gg gég quencu 8-29 111131(()) q“e”dr‘] samples lot are given in Table II.
' quenc 0.65 1080 qf:fcnhc The mean resistivity at 2& + 0.05°C was 106 Q-
0.79 1050 quench ~ CM* 0.5 Q-cm. T.ht.e_aging or rgsistance_driﬂ;R/ R,
0.90 1030 quench is 39%, i.e. the initial resistivity has drifted towards
1.00 1020 quench  14.7Q-cm= 0.5Q-cm after 1000 hours in air at 125.
Mnp 34 xNigesClxOs  Mng 25 Nig75C0x O Mng_xNixO4 The aged batc.h was then given a second’€dber- .
mal treatment similar to the initial one. The result is
T  Cooling T  Cooling T  cCooling that the average resistivity of the batch is found again
X (°C) rate  x  (°C) rae  x  (°C) rae to be: 10.3Q-cm+0.5Q-cm. A second aging treat-
0 1180 30°Ch 0 1250 6°Ch 057 1250 6°Ch ment results in 14.&-cm+0.5Q-cm. Hence, Fhe ag-
012 1180 30°C/h 004 1250 6°Ch 066 1250 6°Clh ing phenomenon appears to be reversible since, at the
02 1180 30°C/h 012 1250 6°C/h 0.69 1250 6°C/h experimental measurement uncertainty, initial and final
03 1180 30°C/h 02 1250 6°C/h 070 1250 6°C/h resistivity are found to be the sama:= p3 (Table IlI).
035 1180 30°C/h 04 1250 6°C/h 075 1250 6°Clh
045 1180 6°Chh 077 1250 6°Clh
05 1180 30°C/h 079 1250 6°Clh
06 1180 30°C/h 084 1250 6°Clh 3.2. Effect of electrodes

Since the aging of the ceramics could be the result of a
reversible oxidation/reduction mechanism of the elec-

ceramic composition in order to achieve both an experirodes, we have carried out three experiments. First,
imental density above 95% of theoretical density andVe investigated the role of the 83D thermal treat-

a single phase spinel structure for each solid solutiofnent upon the resistivity of the ceramics. Two elec-
investigated (Table I). trodes were deposited on both faces of the ceramics

using a “cold” technique: vacuum evaporation (V. E.).

The process avoids the 8%Dthermal treatment since

electrodes are deposited without generating signifi-
2.2. Sample characterization cant overheating of ceramics. However the experimen-
X-ray powder diffraction patterns were collected on atal uncertainty was found to be highe#1 ©-cm)
Siemens D501 diffractometer using the Corddiation  than the ‘serigraphy’ methodH0.5 ©2-cm). An aver-
(A =0.17902 nm). The standard error on paramediger, age resistivity of 24.741 Q-cm)~23.1 (+1 Q-cm)
was less thant 0.0005 nm. were found in the case of silver and gold metalliza-

Resistivity measurements were taken atORS-  tion (Table IV). In a second batch, two electrodes were

0.05°C using a Philips PM2525 multimeter. Two differ- deposited on ceramics previously annealed af850
ent methods of metallization have been used. The clasFhe obtained resistivity is listed gs, in Table IV
sical method, used in industry, consists of depositing &ince 11.3 £1 Q-cm - Table V)~ 10.9 (&1 Q-cm -
silver paste on the opposite faces of sintered ceramic®able IV) ~10.6 (0.5 Q.cm - Table IIl). Finally,
discs. A thermal treatment at 83D (+55°C/min.) fol-  a third batch of ceramics without electrodes was an-
lowed by a fast cooling-£ 55°C/min.) is indeed neces- nealed at 85@C and left at 125C over a period of
sary to make both a strong metal/ceramic interface and000 hours. The resistivity is listed as in Table IV
a good electrical contact. This is the classical methodsince 13.0 £1 Q-cm - Table V)~ 13.1 (&1 Q-cm -
used in industry, and called ‘serigraphy’. In a secondTable IV)~ 14.7 (0.5 -cm - Table Il1).

TABLE Il Electrical properties of ceramics with MggNio.s6Clo.4504 composition. (‘Serigraphy’ method of metallization has been used. An
annealing at 85@C (+55°C/min.) followed by a fast cooling{55°C/min.) is necessary to produce the mechanical adherence of the silver paste on
both faces of the ceramics)

: I AR/R (%)
Mn1.ggNig.e6CUp 4504 Densification £1
(cubic spinel structure) (%) q-cm) 24 h 100 h 500 h 1000 h
96 10.6 15 24 24 39
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TABLE IIl Change of the resistivity of MrsgNig.e6Clo.4504 Cce- A R/R (%)
ramic composition with the thermal history of the ceramics after sinter-

ing: without any thermal treatment after sintering; with a thermal treat- 60 - 180°C

ment at 850C; with a thermal treatment at 850 and at 125C during 50

1000 hours. (In all cases, to get the resistivity of the samples the face 49 g 125°C

of the ceramics were covered with a thin film of silver or gold obtained 3 -//'—’/

by evaporation under vaccuum) 20 300°C 60°C

g—— 8- - -

Mn1 ggNig.66CUp.4504 P p after 1000 hours at 10 25°C

(cubic spinel structure) <§-cm) 125C (- cm) 0= T T N T T
0 200 400 600 800 1000 1200

First 850°C thermal treatment 10.6 14.7 Time (hours)

Second 85%C thermal treatment 10.3 14.6

Interpretation 01 03 Figure 1 Experimental electrical drift of N.T.C. thermistors for several

aging temperatures (MRoNio s6CUp.4504 composition).

TABLE IV Influence of the nature of electrodes on the resistivity of ) ) o
Mn1.goNig.66CUo.4504 CEramic composition are reported in Fig. 1. It appears that the aging increases

with the temperature up to 180. For a higher temper-
ature, 300C, the intensity is decreased. This suggest

Experimental

Thermal treatment Results Interpretation . . . . h

to us that the mechanism of ageing is not a kinetic of
Silver p=247+1 Q-cm py the first order as it is usually observed for vacancies
Gold p=231£1 Q-cm p; migration in the metals.
850°C + Silver p=113+1 Q-cm p1
850°C+ Gold 0=109+1 Q-cm p;

850°C+125°C (1000 h.j-Silver p=113+1 Q-cm py

850°C.+ 125°C (1000 h ) Gold »—109%1 S2.0m o 3.4. Effect of cooling kinetic during

electrode deposition

The last step was to test the effect of cooling rate fol-
lowing the 850C thermal treatment. By modifying the

Itappears that the resistivities, or p, are indepen-  cooling rate from the 85@ thermal treatment it has
dentof the nature of the electrodes. First, although elecheen possible to vary the electrical drift. The relative
trodes deposited by V. E. are weakly bound to the ceyariation of resistivity as a function of time has been re-
ramics, silver or gold electrodes lead to the same valugorted in Table V for the different the cooling rate from
of resistivity (o2 =247 Q2-cm~231Q-cm=+1Q-CM;  the metallization process. Almost no variation of resis-
and p1 =113 Q-cm~ 109 Q-.cm £+ 1 Q-cm). Sec- tjvity was observed with the ceramics that were metal-

ond, we found the same resistivityy, from both |ized with the cooling rate of &/minute (0.3%v 0%,
techniques if the samples are beforehand treated @ge Table V).

850°C: classical thermal treatment at 8&Dleads to

p1=10.6 Q2-cm £ 0.5 Q-cm, silver evaporation leads

to the same valugy; =11.3 Q-.cm+1 Q.cm. Finally, ~3.5. Compilation of electrical

the discrepancy obtained between not&5@nnealed measurements

samples and 85C annealed samplegy(<p,) proves  Electrical measurements were carried out on ceramics

that the 850C thermal treatment induces an electrical of several solid solutions. For each composition all the

behavior change of ceramics and not of the electrodeyalues, reported on Fig. 2, are averaged from 3 to 5

The last experiment discards any possible participatio@Pecimens.

of the electrodes or electrode/ceramic interfaces in Among the several N.T.C. systems we may distin-

the aging process since a similar resistivity is foundguishtwo kinds of ceramics according to their structure:

with ceramics aged respectively with and without elec-single tetragonal phase (resulting from a quench into

trodes: p3 =147 Q-cm+0.5 Q-cm (Table Ill) and Wwater from the sintering temperature): MRCuO4

p3=13.0Q-cm + 1.0 Q-cm (aged without electrodes (0=<x=<1) [1, 6] and Mn e xC04CUOs (0<x =<

but annealed beforehand at 880 Table 1V). 0.66) [1, 8] and single cubic phases (resulting from
These results obtained with the specific compo-slow (cooling 8C/hour) from the sintering tempe-

sition Mny goNig66CUo.45s0s Were qualitatively found rature): Mn_xNixO4 (0.55<x<0.84) [1, 7],

again with several lots of specimens with the com-Mn234x NioesCkO4 (0 < X < 0.6) [9], and Mrp 25«

positions: CgggMn2 0104, MN194C0y4ClpesOs and  Nio7sC0xOs (0<x<0.4) [1]. At first glance, it is

Mn1 gsNig75C0y.404. We have then conclude that the

rif n me from ing of electr r elec-
drift does O.t C:O e from ageing of elect odes or e eCTABLE V Electrical drift as a function of the cooling rate, after the
trode/ceramic interfaces.

850°C thermal treatment (MipsNig 75Cap 404 ceramic composition)

AR/R (%)
. Cooling rate after the 85C p1

3.3. EffeCt_ of aging t_emperature . thermal treatment ¢cm) 24 h 100 h 500 h 1000 h

So far in this paper, aging tests are always carried out

at 125C in air. To study the aging temperature param-3"C/minute 7295 +04 -04 -04 +0.3

eter, different batches of N.T.C. of fixed composition:E’;’OC/’“h"‘gtf3 _ 771;‘3-59 32-54 32-39 33-33 33-67
. uencned In air . . . . .

Mn1.ggNige6CUo.4504 have been aged at 25, 60°C, Quenched in i 7954 44 55 58 82

125°C, 180 C and 300C. The aging curves obtained
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Cubic spinel structures
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Figure 2 Cubic or tetragonally distorted cubic lattice parameteo(a’ = 3.,/32¢), resistivity at 25C (p) and aging at 128C (AR/R) versus
substituted transition metak) for single phase polycrystallized manganite ceramicsz MNiyxO4, Mn2 25 _xNig 75C0xO4, MNn2.33_xNig.s6CUx O4,

Mn26_xCa4Cuy Oy and Mng_ xCuxOg4.

clear that the electrical driftsA(R/R measured after
1000 hours at 12%) are drastically more significant
in the case of tetragonal structures, e.g. copper an
cobalt-copper manganites (see scale MR/R in
Fig. 2). Moreover it appears that the electrical drift of
copper manganite ceramics increase with the substitt
tion degreex, from 0 to 1 in the case of Mn-Cu system
and from 0 to 0.66 in the case of Mn-Co-Cu system.

Resistance drift (%)
1000

100

-

T M 1
1000 1200
Time (hours)

T T T T T
0 200 400 600 800

Whatever the system, for a given composition, the
evolution of the relative drift, AR/R versus time, %zggg
present a similar look with only a variation of inten- Rm=0.11)

sity: there is a significant increase of the resistivity dur-&M =0.10)
(RM = 0.08)

2 o B & O

Mn2,01Cug.9904
Mn|.94Co0.40Cug.6604
Mn | 89Nig.66Cu0.4504
Mn; g5Nig.75C00.404
Mnj 25Nig,7504

ing the first 24 hours. From 100 up to 1000 hours the
drift rate (8(A R/ R)/at). tends to decrease' drastlgally Figure 3 Resistance drift versus time for compositions, which present
or to converge to zero in the case of Mn-Ni, MN-Ni-Co0 each the highest rate of aging. For each manganites solid solution the
or Mn-Ni-Cu systems (Fig. 3). Thus we conclude thatmanganese ratio was calculated according to the formula depicted in
composition plays only a minor role on the intensity of Table V.

the phenomenon.

difficult to elucidate the origin of the aging or to identify
4. Discussion with certainty a basic physical origin. However we have

Despite the high rate of the annealing treatmeried to determine a suitable physical origin explaining

nt at 850C (+55°C/min./no dwell~55°C/min.), our  the aging of N.T.C.

results show that the aging is triggered by the €50

annealing irrespective of the ceramic composition and

its thermal history. However ceramics prepared by a4.1. Hausmannite structure

quench show a highest rate of ageing. Hausmannite structure has a tetragonally distorted cu-
From X-ray analysis, we did not find any apparentbic symmetry. The phenomenon of distortion in man-

changes (intensity, lattice parametery, in the ce- ganite structures is explained by extrapolation of the

ramic sample before and after aging. It is therefordigand and the crystal field theories. Indeed, according
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to both of them, if a lone 3dion (Mn®") is sur- Mn* Mn* Mn* Mn*
rounded by six oxygen ions, four oxygen ions in one
plane will be attracted to the cation whereas the twc
other oxygen ions above and below the plane will be
pushed away. This is the result of the intense electris
field set up by the filled 2p oxygen orbitals, which

lead to split in the five orbitally degenerate 3d states¢
The presence of one distorting cation in the structure

leads all the ions in its vicinity to be slightly delocal-

ized from their equilibrium position. Moreover, distort-

ing cations can interact with each other. For a criti-
cal lattice concentration of distorting ions, there is a .
global interaction and the structure exhibits a tetrago L
nal distortion from cubic symmetry (cqopera_’uve_ JahnFigure 4 Scheme of electron jump between two manganese ions in man-
Teller effect). Hence, the hausmannite cationic diSyanites spinel structure.

tribution, Mr?*[Mn3+],0,4, having a 100% octahe-

dral occupancy with M# ions, exhibits a tetragonal

structure at room temperature_._Howeverthe distortionp0|arons are formed because of the strong Jahn-Teller
c/a, appears to be very sensitive to temperature [10]jattice distortion in the #state of the MA* hole. The
giving a cubic structure at high temperature (1A5pD sjump” (by tunnel transfer) of an electron from a Kin

The variation of thisc/a ratio with temperature caiion to a MA* ion, both located in octahedral sites,
is still not very well understood. Several mecha-.5n pe depicted by the diagram of Fig. 4.

nisms governed by electronic exchange have been pqr 5 given temperature, let us assume that most of

proposed to describe this change @a, as @ 3+ jons have the fourth 3d electron located in their
function of temperature: dynamic Jahn-Teller effectdg orbitals which have a lower energy in the tetrago-

(Mn4" 4+ Mn3" = Mn3" 4 Mn3") and manganese dis- :
mutation (2MR" = Mn2* + Mn&t) [10]. However gally deformed state of the crystal. Then, an electronic

e’ 0% te'g

those mechanisms cannot explain the dependence P2 hole)_tran§fer 's the result of the move, induced
¢/a with temperatures lower than 50D [10]. y lattice vibrations, of an electron from a “Ni e;”

orbital to an empty “Mft/ey” orbital. After the elec-
tronic exchange (hopping), the new presence of a lone
o o ] electron in the former “Mfi"/e,” orbital raises the ¢
4.2. lonic diffusion in spinel structures orbitals degeneration: the:d. - and d: levels are cre-
Mn3* ions, always present in manganites, tend to clusated. Then, after hopping, the local deformation is lo-
ter, i.e. gather and orient themselves in a specific dicated in the initial MA* site. Conversely, the initial
rection, in order to reduce the lattice elastic energy of\in3+ site finds again its more or less octahedral shape

the spinel structure [11]. Several authors [11, 12], whqmn3+ cations are in fact too big to fit in octahedral
studied the oxidation mechanism of copper manganitesites).

solid solution observed this behavior. The authors sug- The electrical conduction takes place by the
gestthatupto 23, local changesinthe lattice param- diffusion induced by lattice vibrations of charge
eters lead to unstable copper manganite oxide whicRarriers (small polarons) via the octahedral sublat-
oxidize up to the segregation pfMn;Oz. The segre- tice. In the case of hausmannite and in the adi-
gation ofy-Mn2O3 should be seen as an oxidation stateahatic limit, the electrical resistivity,p, can be
of a strongly advanced clustering phenomenon [11]. expressed by the formula [13]s =1/p =[€?vC
(1—C)/dkT]exp(—Eu/kT), where C=[Mng"]/
[Mn3t] + [Mg"] and 1-C = [Mn3"] / [Mn3"] +
4.3. Conduction [Mn‘é*], d is the “hopping” distancey is the lat-
The substitution of nickel or cobalt for the Mhman-  tice vibration frequency associated with conduction
ganite ions leads to the creation of ffrions in octahe- (21072 s71), Eu is the hopping energy for the mo-
dral sites [6, 7, 9]. The conductivity changes graduallybility of charge carriers (holes are dominant) andk
with the substitution ratio x from a mechanism basedandT have their usual meanings.
on the classical band conduction model with delocal- In the manganites case and at room temperature, the
ized states to a small polaron mechanism with electrorelectrical conductivity does not depend only on the
“hopping” between MA+ and Mrf+ ions in octahedral  Mn3*+ and Mrf+ concentration or the hopping distance.
sites. The conductivity shifts fromaninsulator (M®y)  For instance, at a given concentration of substituted
to a semiconductor solid solution [9]. transition metal ions, the configuration of ions in octa-
In the small polaron model an electron moving hedral position also governs the conductivity. Indeed,
through a manganite spinel structure will polarize andwe conceive that all the Mt ions do not participate
distort the lattice in its vicinity. The potential well pro- in the hopping process. To be taken into account they
duced by the local lattice deformation traps the electromeed to have in their vicinity a Mrt ion. Therefore,
or the hole on a particular ion. However, in the man-the ordering between Mi and Mrf+ and/or the pres-
ganites case, the trapping is more likely due to latticeence of foreign ions on octahedral sites may disrupt the
distortion than polarization of the surroundings. Smallconduction.
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Two ionic migration mechanisms are known in spinelstructure [11]. Hence, the 850 thermal treatment
structure: ionic migration between tetrahedral and ocwould dilute these local Mt concentrations and
tahedral sites and M cation diffusion on octahedral would freeze the cationic configuration at room tem-
sites. Theoretical understanding of the thermodynamperature. Decreasing cluster size would lead to an in-
ics of cation distribution in spinels is based on ionic crease in the Mit concentration of Mf* participating
exchange between sublattices at rather high temperan the electrical conduction, leadingpe > p;. In other
tures. Such mechanism should be distinguished fromvords, for a given M&t/Mn*t concentration, the elec-
Mn3t cation diffusion. This last mechanism can starttrical conductivity would depend on the M cluster
at low temperatures<(400°C [11]) and can trigger size. The aging at 12& would tend to anneal the sam-
at higher temperatures the classical sublattices diffuples, i.e. the clusters are built again in order to minimize
sion. Recent studies have shown that the ageing phéhe lattice elastic energy{ > p1).
nomenon observed in iron manganites is due to the mi- Mnys_xCoy4CucO4 has been successfully prepared
gration of Fé* and Mr?* ions between the sublattices by quenching as a single tetragonak(& < 0.66) and
of the spinel structure [14]. However, the driving force cubic (x > 0.66) phase. The electrical datais interesting
of ionic migrations between sublattices are known tobecause it gives the opportunity to compare the behav-
be controlled by thermodynamic equilibrium and areior of cubic versus tetragonal structures for a same solid
therefore observed independently on powders or massolution despite the fact that the cubic-tetragonal tran-
sive ceramics specimens [15]. Since aging has so fagition is accompanied by a cationic distribution change
not been observed on the powders of the compositiongl, 8] (Table VI). At 25C, ceramics with tetragonal
studied inthis paper [16], itis suggested that another agstructure have not reached thermodynamic equilibrium
ing mechanism occurs. Mh migrations may explain  since they have been quenched. The quenching freezes
the difference in behavior between powder and ceramithe high temperature structure to room temperature.
materials since the driving force of Mh mobility is  The 850C thermal treatment might be considered as
the local strains induced by quench in ceramics. Themn annealing process.
based on this last basic diffusion mechanism and on Tetragonal structures imply that a cooperative Jahn-
their theoretical repercussion on the resistivity of ourTeller effect prevails inside the crystallites, i.e. there
electroceramics we have tried to account qualitativelyare strong interactions between #tncations. In the
for the aging data depicted in Fig. 2. assumption of an ionic diffusion of which the driving

force is ruled by lattice elastic energy (Ffncluster-
ing), it is expected that MiT cations will diffuse more
4.4, Tetragonal versus cubic structures easily inside tetragonally distorted spinel structures and
Nickel, nickel-cobalt and nickel-copper manganites ce-hence lead to ceramics whose electrical conductivity
ramics are assumed to have reached at room temperigmore sensitive to temperature. This is in agreement
ture a structural equilibrium because the cooling ratevith our experimental data: ceramics with cubic struc-
applied after sintering is rather slow°@h.). The ture appear to be drastically more stable than ceramics
850°C thermal treatment could be therefore rankedwith tetragonal structure (Fig. 2).
as a quench treatment and the modifications appear-
ing during the annealing could be kept at room4.5. Substitution degree
temperature. Let us define the manganese rati®y{Ry =

On the contrary, slow cooling after sintering al- (Mn®t]g[Mn**]g)/4}. Assuming a total disorder in
lows the ceramics to reduce their lattice elastic en-octahedral sitesRy represents the Mif/Mn*+ cou-
ergy by clustering a part of the Mh present in the ples per lattice actually taking part in the conduction.

TABLE VI Ratio, Ry, calculated from the cationic distributions established for the nickel, nickel-copper, copper, cobalt-copper manganites
(Rv = {(IMn**]s[Mn**]g)/4})

Spinel

Formula established from powders analysis X Ru AR/R (%) structure
MnZt Mn3* [NiZ*Mn3t,, . Mnjt 105~ 0.55 012 2.5(1000 h) cubic
Cu_yMnZt  [Cuft M3, | Mnit]05- 0.75 0.08
(0.55< x < 0.8 anda=0.40 — 0.22). 0.84 0.08 3(1000 h) cubic
C&*MnZh,  Mn3t. [NiZt Mn3t MndE 102~ 0.00 0.10 2(1000 h) cubic
(0<x<04) 0.40 0.10 5 (1000 h) cubic
C&*Mn2t, [Ni2EMn3t MnttJO2- 0.00 0.11 2.5 (1000 h) cubic
(0<x<06) 0.60 0.11 10.6 (1000 h) cubic
CufMn2t, [Mn3f, Mn#t]03™ (0<x <0.3) 0.00 0.00 insulator Tetragonal

0.30 0.13 10 (500 h) Tetragonal
Cu_yMnZt [CuftMn3t,  Mntlo;™ (03<x<1)

0.99 0.25 200 (500 h) Tetragonal
Co&, CurMnZt , Mn3t Mn}t] 03~ (0<x < 0.66) 0.00 0.00 insulator Tetragonal

0.66 0.22 60 (500 h) tetragonal
CELCUl s [Cust g MN3E , Mn2+] 03~ (0.66<x <1)

1.00 0.15 15 (500 h) cubic
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In other words, it describes the probability of a ftn  basic origin of the electrical drift of N.T.C. This local

ion to have a Mfi* ion as a close neighbor and vice ionic diffusion on octahedral sites can, depending on

versa.Ry is therefore proportional to the conductivity. the specific cationic distribution, trigger ionic migration
From the data reported in Table VI it appears tRgt ~ between octahedral and tetrahedral sites.

has an optimum value, 0.25, in the case of copper man-

ganites. Indeed, ifthe presence of copperinthe B sitesis
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