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ABSTRACT

(La;NiO,s5)14(BaTiOs), (LNO/BTO), x=0.0, 0.05, 0.2, 0.3, 0.5 composites were prepared
and investigated in structure and electrical properties. Single phase La,NiO,.; component was
obtained by sintering at 1000 °C during 12 h in air. Electrical conductivity was measured by 4-
point probe method in wide temperature region above room temperature. Experiment showed
that the highest conductivity was obtained in x=0.3 composite sample. Glass shell-
nanocrystallite core structure of grains plays important role for this conducting enhancement.
Conducting behavior of composites change from metal to semiconductor in the temperature
interval of 400 to 700 °C. The LNO/BTO systems with acceptable electrical conductivity in such
temperature interval are suitable for making cathode materials in solid oxide fuel cells.
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1. INTRODUCTION

At present time, research on proton conducting (PC) solid oxide fuel cells (PC-SOFC)
operating in the temperature region closed to the room temperature, involves much attention of
investigators. There are several conducting compounds potentially to be used as cathodes
materials of PC-SOFC. The first one is single-phase mixed electron — proton conductor and the
other is composite having combined proton-electronic or mixed oxygen ion/electronic
conductivity [1]. Single phase perovskite La,NiO, (LNO) and other most Ruddlesden-Popper
series Lan+1Ni Osn41 (n = 2 and 3) have good oxide-ion conductivity, and are suitable cathode
materials for intermediate temperature (650 - 800 °C) SOFC [2]. Authors of [3] found the
optimum content for the composite SOFC cathode, which consists of 70 % LaggSry4C0g2FeqsOz5
(LSCF) and 30 % volume percent of LNO. Single cell with this cathode gives an acceptable
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power density 479 mWcm™? at 800 °C. Doped LNO is also promising cathode materials for
SOFC [4].

The aim of this research is to study other (La;NiO,.5);.«(BaTiOs3), (LNO/BTO) composites
which may be used as cathode materials for lower temperature (<600 °C) SOFC. Donor-doped
polycrystalline BTO and BTO-based materials present positive thermoresistive coefficient effect
(PTCR) with low resistivity below 130 °C (see [5]). Electrical conductivity of BTO strongly
depends on oxygen defects at grain surfaces [6], BTO constituent in composite can improve
oxygen-ion and total conductivity.

Considering both advantages of BTO and LNO, composites (LNO);«(BTO), with x = 0.0,
0.1, 0.2, 0.3, 0.5 core-shell like structure were synthesized by the procedure described in [7].

2. EXPERIMENTAL

The BTO component of composites was manufactured by hydrothermal method.
Stoichiometric barium titanium chlorine was mixed and dissolved with potassium hydroxide
solution at pH equal to 12-13. Then, the homogeneous solution was pulled in thermal-bottle and
heated at 150 °C for 7 hours. After exclusion of chlorine, the powder BTO sample was obtained.
The LNO component was synthesized by sol-gel chemical method. All different nitrates were
mixed in mole ratio. After that, citric acid was added and heated at 80 °C until obtained gel. In
next step, the gel was burned at 500 °C for 2 hours. Then, the obtained powder was subjected to
ball- milling to get optimized in size, and sintered at 1000 °C for 12 hours in air. The composite
LNO/BTO was synthesized by chemical method where BTO powder was added in the LNO
synthesis processes in order to get BTO grains covered by LNO. Before sintering at the same
1000 °C for 12 hours in air, the powder was pressed in pellets under pressure of 100 MPa, and
re-pressed under hydrostatic pressure of 100 MPa to get more homogeneous samples.
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Figure 1. XRD patterns of LNO/BTO composites (x = 0.05, 0.1, 0.2, 0.3, 0.5) and LNO powder (inset)
sintered at 1000 °C for 12 h.

Crystalline structure of all samples was examined by X-ray diffraction (XRD: Rigaku
SmartLab). Structure and morphology of particles were analyzed by scanning electron
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microscope (SEM-JEOL). The varying oxygen content on temperature was determined by
thermo-gravimetric analysis from room temperature to 800 °C in flowing air with the rate 10
°C/min. High temperature electrical properties were studied by four-probe technique in air from
room temperature to 900 °C. The samples prepared for experiment have rectangular shape with
10 mm x 5 mm x 2 mm size. Electrodes were made by platinum paste on the clean surfaces of
samples.

3. RESULTS AND DISCUSSION

XRD patterns of different powders: LNO, BTO, and composites LNO/BTO with x=0.0,
0.1, 0.2, 0.3, 0.5 are presented in Figure 1. XRD data analysis shows LNO, BTO are single
phase. There is no trace of other phases and LNO’s structure is orthorhombic like that given in
[7]. It is clear to see diffraction peaks of LNO and BTO in composites. Incorporation of BTO
and LNO in core-shell like structure is especially pointed in [8]. Grain size and morphology of
powder samples can be observed in SEM images.

LNO-Regtangular - ba(x):\ LINO - Powder

Figure 2. The SEM images of LNO bar (upper left), LNO powder (upper right), BTO and LNO/BTO
composites (x = 0.05, 0.3, 0.5).
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Figure 3. HR-TEM images of composite samples.

Figure 2 gives SEM images of BTO, LNO/BTO (x= 0.05, 0.3, 0.5) composites, LNO bar,
and LNO powder. There is no difference between morphology and particle size of powder and
bar LNO samples. Grain size distribution is very similar for composite samples and grain size
decreases with increasing of BTO fraction from x = 0.05 to x = 0.3 but no further essential
decrease for large BTO (x=0.5) content. SEM images for these three composite samples show
additional morphology of core-shell like structure given in [8] where BTO is covered by LNO in
grains.
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Figure 3 shows core-shell like structure
of one typical grain of LNO/BTO (x=0.05) Wo s
composite. The shell is amorphous (or glass) 9
and the core consists of LNO and BTO nano-
crystallites (see also [8]). This special
structure of glass-ceramic semiconductor
nano-composite is essential for electron
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Changes in Oxygen stoichiometry because of Figure 4, Thermo-graVimetriC analySiS in air for
no changes in weigh concerning volatile LNO.

lanthanum species. This oxygen

nonstochiometry plays impotant role in conducting behavior of materials.

Temperature dependence of electrical conductivity for LNO and composites LNO/BTO (x
= 0.0, 0.05, 0.3, 0.5) is shown in Figure 5. One sees that more addition of BTO enhances feature
of metal to semiconducting transition in LNO/BTO composite. The more interesting effect is the
increase of BTO fraction from x=0 up to x=0.3 increases conductivity of composite sample more
than 20 times in the temperature region lower than 400 °C. This is essential improvement of
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composite sample conductivity comparing with bare (x=0) one, which can be used for different
purposes including materials for low temperature SOFC cathode.

Electrical conductivity of LNO /BTO 25
composite is strongly depended on it grain I LT
structure. The glass shell- nanocrystallite core Ty ’ .

grain structure makes electron’s hopping
process more easily and enhances conductivity
up to favorable BTO concentration (x=0.3).
The situation here is similar to the case of
enhancement of electrical conductivity of
barium titanate based glass- ceramic nano-
composites discovered in [9]. o3

Although the absolute value of _ :
conductivity of samples is still low, but one T R 600 800 1000
can improve it by variation of the sintering
temperature. During this variation, the suitable
grain structure_ with good conductivity is Figure 5. Temperature dependence of electrical
hopefully to achieve. conductivity of LNO/BTO composites.
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4. CONCLUSIONS

The composite (LNO),(BTO)y is prepared by chemical method where the components are
produced by hydrothermal and sol-gel one. It is shown that these composites have core- shell
like grain structure, where core contains nano LNO, BTO crystallites and shell is amorphous. It
is evidenced that this special grain structure at suitable component fractions (x=0.3) enhances
electrical conductivity up to 20 times comparing with the bare LNO one. The observed
advantage stimulates potential to use the LNO/BTO composite for SOFC’ cathodes.
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TOM TAT

CAU TRUC, TINH CHAT PIEN VA KHA NANG UNG DUNG LAM CA-TOT CHO PIN
NHIEN LIEU RAN CUA COMPOSITE (La;NiO4:5)1.x(BaTiO3)(x=0.0-0.5)
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Composﬂe (LagNiOyus)1 X(BaTloe,)X (LNO/BTO), x=0.0, 0.05, 0.2, 0.3, 0.5 dugc ché tao va
nghién ciru cau trdc va tinh chat dién. Vat liéu La2N|O4i5 don pha duoc nung thidu két tai 1000
°C trong 12 h trong khong khi. Po din dién duoc do bang phuong phap bon mili do trong viing
nhiét 6 cao. Két qua nghién ctiu cho thdy mau x=0.3 c¢6 d¢ dan tot nhat. Cau tric 16i vo duoc
hinh thanh gitra BTO va LNO déng vai trd quan trong trong su ting do dan cua vat liéu. Dac
trung dan cua vat liéu chuyén tir kim loai sang béan dan trong khoang nhiét o 400 dén 700 °C.
Hé LNO/BTO c6 do dan tét ¢ ving nhiét do nay la thich hop cho viéc ché tao ca-tét caa pin
nhién liéu ran.
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