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A method 1is presented to obtain silver-containing lanthanum manganites
La,_XAgyMnO3+5 exhibiting GMR. Ceramic samples possessing high Curie temperature and
showing a sharp maximum of metal-insulator transition near Curie temperature have been
obtained. At the oxygen partial pressure of 1 bar, a sample of Laj gsAgy 1sMN0O5, 5 has been
prepared showing the magnetoresistance of about 57 % in the magnetic field 1.1 T at
273 K. The oxygen partial pressure has been shown to influence the sintering mechanism
of the ceramics. Magnetocaloric effect for the sample LajgAgyMnOg,5 is AS =

2.9 J/(kg’K) at 291 K.

IlpexcraBien cmocod mosyueHHus cepedpocomepsKallero MaHraHuTa JIAHTaHa, 00Jamarolne-
ro KMC. ITonyuennsl KepamuuecKue o0pasiibl, 00Jiagamiiue BLICOKOU Temieparypoii Kiopu u
MIPOSBJSION[ME PEe3KUIl MaKCHUMyM IIepexona MeTaJJI-U30JSTOP B OOJACTH TeMIIePaTypPhl
Kropu. Ilpu mapumaibHOM HABJICHUM KHCI0pPOoga 1 aT™M IIOJydYeH COCTaB LaO 85Ag0 15Mn05, 5 ¢
maraerocuporuBieHueMm ~57 % B moje 1.1 Ta mpu 273 K. IlokasaHo, 4TO mapruajibHOe
JaBJIeHe KHCJOpoJa BIMWSET HA MeXaHW3M CIIeKaHUs TaKUX KepaMuk. MarseToxajgopuuec-

kuit addext a1 cocraBa LajgsAdg 1sMNOg, 5 cocTaBnaer AS = 2.9 [Twx/(xr-K) mpu 291 K.
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chemical state and the content of silver in

structure doped with monovalent cations of
general formula R,_,A MnQ3,5 (where R is a
rare-earth element; A, the doping cation)
are no doubt of interest as materials with
the giant magnetoresistance (GMR). The
main advantage of the rare-earth mangan-
ites doped with monovalent cations (Na*,
Ag*) as compared to those doped with diva-
lent cations is the high sensitivity of the
electrical resistance to external magnetic
field at room temperature [1-5].

Recently, it was shown that silver doped
lanthanum manganites possess a high mag-
netoresistance near room temperature [6].
However, using such a high-mobility compo-
nent as silver, it is necessary to control the
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the sample. It was shown before that lan-
thanum vacancies in La;_ MnO5 can be filled
with silver ions [7]. Also, it is known from
literature that it is necessary to prevent possi-
ble silver loss during sintering of La,_,Ag,MnO,
ceramics. That is why the compound was
synthesized at about 800°C and using a
charge enriched in silver [7], or at more
elevated temperatures under excess oxygen
pressure (>1 bar) [6]. These two methods
produce samples of various microstructures.
To improve the transport properties of the
ceramic material, it is necessary to form
coarse-grain ceramics with dense grain con-
tacts. The microstructure features are re-
flected in the electrical resistance and mag-
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netoresistance behavior of polycrystalline
fine-grained manganites [8, 9]. Electrical
resistance of such polycrystalline sample
can be described as

p=pg + (Ly/Lop1s

where pg is resistance of a crystallite of L
average size; p;, grain boundary resistance
of L; average width. The estimated py value
known from literature shows that py is
three decimal orders lower than p;. For the
ceramics samples with submicrometer
grains and nano-width grain boundaries, it
is just the latter that contribute mainly
(~90 %) to the resistance. Accordingly, the
electrical resistance maximum in such ce-
ramics is appreciably lower than Curie tem-
perature T,, and the magnetoresistance does
not exceed 13 % (H=1 T). We demon-
strate Below, a very different behavior of the
ceramic GMR manganites with few microme-
ter grain size and dense grain contacts.

In this work, we report a method to mod-
ify the ceramies of silver doped lanthanum
manganite. We have found a drastic evolu-
tion of electrical and magnetic properties of
the La 1_XAgyMnO3+5. The magnetocaloric effect
in modified ceramics was investigated as well.

All ceramic samples were prepared using
chemical homogenization [11]. First, ash-
free paper was soaked with aqueous solution
of La, Ag and Mn nitrates, mixed in the
proper ratio, and dried in air at 120°C.
Then paper was burned, and the ash was
annealed in air at 600°C for 30 min. The
resulting powder was pressed in pellets. The
silver containing oxide powder (La/Ag/Mn
atomic ratio 0.7/0.4/1) was prepared by the
same method. This powder was used as a
"cover” to prevent the silver loss from the
pellets. The silver-containing pellets were sin-
tered at 800°C under a covering powder layer
of the in alundum crucibles in air for
20 hours. The low sintering temperature pro-
vides the perovskite phase crystallization and
prevents silver loss [7]. In this work, the
following Ag-containing samples were ob-
tained: L309A901Mn03, L308A901Mn03,
Lag gAgg 15MNO53. These compositions were
selected as the study objects because they
possessed T, near room temperature [7].
The magnetoresistance study near room
temperature is of most interest from the
standpoint of practical application.

To improve the transport properties of
the ceramic material, a technique was pro-
posed to modify the ceramic microstructure
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without the solid solution decomposition.
The technique consists in the high tempera-
ture annealing at 1100°C, under P(O,) = 1-
5 bar for 5-20 h in the presence of metal
silver vapor.

Microstructure of the ceramics was stud-
ied by scanning electron microscopy (SEM)
using JEOL JSM 840A (Japan) and LEO
SUPRA 50VP (Carl Zeiss, Germany) micro-
scopes. The cation stoichiometry and its ho-
mogeneity were controlled by EPMA (elec-
tron probe microanalysis). The SEM re-
vealed the uniform ceramic microstructure
with loosely connected submicrometer grains.
Cation stoichiometry of the samples after re-
crystallization annealing was also uniform
and corresponded to that of the precursor
powder before the high temperature anneal-
ing, thus indicating that silver did not lost
from the samples during annealing. The den-
sity of ceramic samples was determined by
hydrostatic weighing. The shrinkage was cal-
culated from geometric measurements.

Phase analysis of the prepared samples
was accomplished with X-ray diffraction
(Cu K, radiation) using DRON 8M diffrac-
tometer. All samples prepared had the rho-
mobohedral perovskite structure.

The magnetization was measured in the
static magnetic field 230 Oe using a vibrat-
ing magnetometer. The resistance measure-
ments were made by four-probe technique in
the range 77-8300 K using Keithley 2700
data acquisition system. The magnetocaloric
effect was measured in the temperature
range 77-300 K under quasiadiabatic condi-
tions, in the field up to the 1.4 T (corrected
for the demagnetization factor). The typical
time of the magnetic field value establishment
was approximately 3 seconds because of the
large coil inductivity. To decrease the thermal
exchange, a cylindrical sample (diameter
4 mm, height 8 mm) was inserted into a vac-
uum chamber (1073 Torr) with long axis ori-
ented along the magnetic field.

The metal-insulator transition in the
samples obtained in the "soft” sintering
conditions can be detected by magnetic
measurements only. This is due to the fea-
tures of the electrical resistance and magne-
toresistance for the small-grained polycrys-
talline manganites as discussed above [8, 9].
The apparent electrical resistance maximum
for such ceramics is distinctly lower than
T., and magnetoresistance does not exceed
18 % (H=1T).

As a result of the ceramic microstructure
modification, without solid solution decom-
position (annealing conditions: T = 1100°C,
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Fig. 1. Microstructure of the sample prepared under "soft” sintering conditions (a); morphology of
the sample with modified microstructure after the high temperature annealing at T = 1100°C:
P(O,) =1 bar, in the presence of silver metal vapor (b), P(O,) = 5 bar in sealed ampoule with the

metal silver (c).
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Fig. 2. Electrical and magnetic properties of a Lay gAgy {MnO; ceramic sample: magnetic susceptibil-
ity temperature dependence (a); temperature dependence of electrical resistance for the ceramic
synthesized in the "soft” conditions (b); temperature dependence of electrical resistance for recrys-
tallized ceramic (annealing conditions: 1100°C, P(O,) = 8 bar, t = 15 h) (c).

P(O2) = 1-5 bar, ¢t = 5—20 h, in the pres-
ence of the metallic silver vapor), the ce-
ramics has been obtained having the density
70£1 % of the theoretical value for P(O,) =
1 bar and 551 % for P(O,) =5 bar. The
initial ceramic precursor density was
38tf1 % of the theoretical value. The
shrinkage is 653 % for P(O,) =1 bar and
5218 % for P(O,) = 5 bar, respectively. As
Fig. 1 shows, the ceramic microstructure
changes drastically during the high tem-
perature annealing and the average grain
size increases appreciably.

Electrical resistance of the recrystallized
ceramics evidences a sharp metal-insulator
transition near the Curie temperature in the
p(T) dependences (Fig. 2), in contrast to the
fine-grained ceramics where there is a broad
maximum at temperature lower than T,
(sz250 K). However, comparison of the
density data and microstructures of the ob-
tained ceramics shows that the annealing at
higher oxygen pressure results in ceramics
consisting of larger grains but having a
more porous structure and weaker grain
contacts. Ceramics annealed at partial oxy-
gen pressure 1 bar shows more developed
grain boundaries. The magnetoresistance of
such modified ceramics having composition
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Fig. 3. Temperature dependence of electrical
resistance for recrystallized LaggAg,15sMnO4
ceramics (annealing at 1100°C, P(O,) = 1 bar,
t = 20 h). Inset: temperature dependence of
magnetoresistance.

L308A9015Mn03 is 57 0/0 in the field 1.1 T
at 273 K (Fig. 38). This means a higher elec-
trical resistance sensitivity to the magnetic
field as compared to any La;_,Ag,MnOs,;5 ce-
ramics sintered at high oxygen pressure
(with the maximum magnetoresistance val-
ues of 65 % at 7 T field strength [6]).
Microstructure difference of the ceramic
samples annealed at different P(O,) values
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can be explained by the oxygen non-
stoichiometry effect on the sintering proc-
ess. Our earlier iodometric study [7] has
shown that LaggAggoMnOs,s has 6=0 when
being synthesized at 800°C in air. Respec-
tively, at a lower silver content in
Lag gAdp 15Mn03,5, the electroneutrality de-
mands the decrease of 3 down to negative
values under the same preparation condi-
tions. Also, the increase of the sintering
temperature by 300°C should produce fur-
ther loss of the oxygen content which
hardly can be compensated by P(O,) in-
crease from 0.21 atm to 1 atm. Thus, there
are good reasons to conclude that the sin-
tering of Lag gAgg 15MnOg3,5 proceeds under
the conditions of the oxygen deficit (8<0).
The completeness of the oxygen sublattice
increases with the P(O,). At the same time,
the diffusion mobility of the ions decreases
for the complete oxygen sublattice. Thus, it
is possible to confirm, that optimal oxygen
pressure for the increasing CMR effect
value in the silver doped lanthanum man-
ganite is about 1 bar.

Also the measurements of the magneto-
calorical effect correlate with the chemical
composition. All samples show rather sharp
maximum of the magnetocaloric effect near
T.. But the sharpness of the peak and the
maximum value of AT correlate with the
sharpness of the magnetoresistance tem-
perature dependence. For instance,
Lag gAdp 15MnNO3 had maximum value AT =
2.7 K at while LaogAgo1MnO3 has AT =
1.4 K in the 26 kOe field. LaosAgo15MnO3
has the value of AS = 2.9 J/(kg-K) at 291 K
(Fig. 4). The magnetocaloric effect value for
this composition is typical of the GMR man-
ganites near room temperature [12], but for
Lag gAgg 15MnO5, the peak magnetocaloric
effect exceed even the value for metal gad-
olinium being the standard reference for
the magnetocaloric effect. These results will
be published in detail elsewhere.

Thus, a way to improve GMR of the sil-
ver containing lanthanum manganites
La;_yAg,MnOs,5 is presented in this work.
Starting from ceramics synthesized in the
"soft” conditions, samples with high magne-
toresistance values in low magnetic fields
near room temperature have been obtained.
The synthesis technique used in this work
offers an advantage as compared to the
techniques used in [6]. The silver-contain-
ing manganite ceramics with improved
GMR can be synthesized without high oxy-
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Fig. 4. Temperature dependence of magneto-
caloric effect for LagoAgy(MnO; (triangles)
and Laj gAgy 1sMnO5 (squares) in the field of
26 kOe. Inset: the entropy changes AS for
Lag gAgg {MnO,.

gen pressure. Also, it is possible to obtain
compositions with enhanced electrical resis-
tivity sensitivity to magnetic field (up to
57 % in the field 1.1 T at 273 K for the
composition LaosAgo15MnO3).
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ExexkTpuuHi Ta Mar"HiTHi BJacTHBOCTI
nepexpucraiisopanoi kepamirku La;_ ,Ag MnO;

O.B.Menvnurxos, O.FI0.I'op6enxo, A.P.Kayanv, A.M.Anies,
A.I'''am3amos, III.b.A60yneazidoe, A.5.Bamdanos,
P.B.lvomin, JI.I. Koponvoéa

IIpexcraBieno cmoci® oxep:kamusa cpibsoBmicHOro mamramity Jjganramy, mo mae KMC.
OrpuMaHo KepamiuHi 3pasku, siKi MalOTh BHCOKY TeMmieparypy Kiopi Ta BUABIAIOTL PisKuit
MaKCHMyM II€pexony MeTaj-izoaaTop mobinusdy temmeparyp Kiopi. IIpu mapriaibHOMY THCKY
KncHiO 1 aTM oTpuMaHuUIl CKaaf La0,85Ag0115MnO3+5 3 marueroomopom ~55 % y moai 1.1 Tax
npu 273 K. ITokasaHo, 1m0 napriaJbHU# THCK KHUCHIO BIJIMBAE Ha MEXaHI3M CIiKaHHA TaKUX
KepaMik. Marneroxkamopuunuii eeKT mJAA CKJIAZY LaO‘QAgo‘1MnO3+6 craHoBUTE AS =
2.9 x/(xr-K) npu 291 K.

Functional materials, 13, 2, 2006 327



