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Preparation of nanosized LaCoO3; perovskite
oxide using amorphous heteronuclear complex
as a precursor at low temperature
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Nanosized LaCoO3 cobaltite oxide powder with perovskite structure was successfully
synthesized at a relatively low calcination temperature using an amorphous heteronuclear
complex, LaCo(DTPA)-6H,0, as a precursor. The precursor decomposed completely into
cobaltite oxide above 400 °C according to the DTA and TGA results. XPS revealed that the
decomposed species was composed of LaCoOs cobaltite oxide after the precursor was
calcined at 500 °C for 2 hours. XRD demonstrated that nanosized LaCoOQO3 crystalline powder
with perovskite structure was formed after the calcination temperature increased to 600 °C.
The grain size and the crystal size of LaCoO3 increased with the calcination temperature
from 500 °C to 800°C, and the heat-treatment time has a less obvious effect on the grain
size and the crystal size. It is a useful way to synthesize nanosized perovskite oxides using
an amorphous complex as a precursor. This method can be easily quantitatively controlled.
© 2000 Kluwer Academic Publishers

1. Introduction by different methods has the following sequence:
Perovskite oxides have caused great interests and hafreeze-drying-spray-drying-precipition [12]. Nano-
been widely studied for their various properties andsized particles and thin films are not easily obtained
application in the recent decades. They can be used &y the traditional methods. It has been shown that the
superconductors, and the critical temperature decreasee-melting method by solid state reaction need a tem-
linearly with increasing A-site disorder, as quantified byperature as high as about 10%0 It is difficult to syn-
the variance in the distribution of A-site cation radii. thesize nanosized materials by this method. Sol-Gel
The critical temperature is also very sensitive to latticemethod has been widely used to prepare nanosized ma-
strains [1]. (RE)Co@perovskites have a variety of the terials, but its application is limited by the stability of
magnetic and electrical characteristics. They show ds precursor system and it is difficult to control the
semiconductor behavior below the room temperaturehemical composition of complicated oxides [13].
[2, 3]. The catalytic properties of perovskite oxides also In this paper, a new preparation method was estab-
make them effective in various oxidation and reductionlished using an amorphous heteronuclear complex as
reactions [4]. They have been considered as a promising precursor to prepare the nanosized perovskite oxide
substitute of the classical Pt/Rh-based catalysts applieldaCoG;. The crystalline phase with perovskite struc-
in the automotive pollution control [5-7]. In addition, ture was obtained after the precursor was calcined at
perovskite oxides are also a good electrode material fo00°C for 1 hour. The particle size and crystal size in-
secondary batteries and fuel batteries [8, 9]. creased with the calcination temperature and time. It is
Different preparation methods of the perovskiteproved that the heteronuclear complex can decompose
oxides result in different physical or even chemi- andform oxides atrelatively low temperature compared
cal properties of these materials. These methods irwith the traditional methods. Itis much easier to prepare
clude co-melting, freeze-drying, spray-drying, precip-complicated oxides using complex precursors because
itation, Sol-Gel,et al. [10, 11]. It has been reported they can be synthesized more easily and the chemical
that the catalytic activity of some materials preparedcomposition can be controlled more quantitatively.
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2. Experimental '
2.1. The synthesis of LaCo(DTPA)-6H,0 L
precursor
Firstly, NaOH solution with 1.0 mol/l concentration 1001
was added in drops into the mixture solution of
La(NOs)3 and CoC} to prepare the fresh La(Okl) =X
and Co(OH) depositions. Then, Diethylenetriamine- =
pentaacetic acid (DTPA) with calculated molar ratio _‘5,
was mixed with these fresh La(Ogand Co(OHj) in %’
water to synthesize the complex precursor. The mixtur
was stirred and heated to 80 to promote the reaction
of the mixture. After the mixture became a transpar-
ent solution, it was vaporized slowly at room tempera- r
ture until a piece of transparent glasslike material wa
formed. The precursor was obtained after the solutiol : : :
was dried completely. The result of element analysis 400 600
showed that the possible formula of the precursor wa Temperarure / °C

LaCo(DTPA)6H,0. XRD pattern demonstrated that
the complex precursor was amorphous. Figure 1 The TGA and DTA spectra of LaCo(DTPA&H,0 precursor.
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2.2. The preparation of LaCoOj3 cobaltite the loss of coordinated water. The region of weight loss
compound from 90°C to 340°C was attributed to the decomposi-

The LaCoQ cobaltite oxide was prepared by decom- fion of hydrocarbon and amino-group organic compo-
posing the precursor in air. Atfirst, the temperature wad!€Nts: The strong weight loss region from 343’80
raised to 300C at a slow heating rate (€/min). The 370°C was attributed to the decomposition of carboxyl
temperature was maintained for 90 minutes to promot&©Palt group and carboxyl lanthanum group. No further
the decomposition of organic components. Then, th®&2k or weight loss appears thereafter, indicating that
temperature increased to various pre-set temperatufdl Organic components have been eliminated. The de-

and maintained for a definite period of time to promote€OMPOSition temperature of carboxyl cobalt group and
the formation of cobaltite oxide. carboxyl lanthanum group was very close, which may

be helpful for the formation of cobaltite oxide. Two
exothermic peaks were observed on the DTA curve.
2.3. Experimental techniques The peak at 366.5C was attributed to the decomposi-

XRD experiments were carried out in Rigaku DMAX- tion of carboxyl cobalt and carboxyl lanthanum group.

2400 diffractometer with Cu K radiation. The grain The peak at 401.3C was very strong, and no weight

size was measured using Hitachi H-800 Transmissio#SS was corresponded to it, implying that this peak re-

Electron Microscopy (TEM) The accelerating Voltage sulted from the formation of LaCO@ObaIt|te oxide.

of electron beam was 200 kV. TGA and DTA anal- The results above suggest that LaGafxide can be

ysis were performed on a Dupond 1090 thermal anformed below 500C by decomposing an amorphous

alyzer. The atmosphere was air, and the heating ratgomplex of LaCo(DTPABH,O.

was 10°C/min. The XPS spectra were measured in a

PHI 5300 ESCA system. A Al K X-ray source with

a power of 250 W was used. The pass energy of th8.2. The crystallization of LaCoO3

analyzer was set at 37.25 eV and the base pressure of compound

the analysis chamber was better than 408 torr. The ~ The influence of the calcination temperature on the

charge effect was calibrated using the binding energyormation of LaCoQ crystalline phase has been in-

of C 1s [14]. vestigated using XRD. The XRD patterns of LaGoO
samples calcined at different temperature are shown in
Fig. 2. After the precursor was calcined at 5@for

3. Results and discussion 2 hours, the XRD pattern showed that the sample was

3.1. The thermal decomposition still amorphous. Several sharp peaks were observed af-

The results of TGA and DTA for LaCo(DTPAH,O  terthe precursorwas calcined at 6@for 2 hours. Ac-

complex are shown in Fig. 1. The change of residuakordingto the XRD standard spectra of LaGadystal,

weight with temperature was shown by the solid curvethese peaks were attributed to the pure perovskite-type

and the thermal change with temperature was showhaCoGQ; crystal. This resultindicated that LaCe®ith

by the dot curve. The dash curve showed the differpure perovskite structure can be synthesized by this way

ential of the weight loss. With the temperature rising,at 600°C. With the calcination temperature rising, the

three weight loss regions were observed in the soligpeak intensified significantly and some peaks even split

curve. According to the quantitative calculation of thein half. The peaks of perovskite also became sharper

weight loss in each region, the thermal decomposiwith the annealing temperature. This can be explained

tion processes were distinguished as followings. Thehat the crystalline phase of LaCg®ecame more per-

weight loss region from 20C to 90°C resulted from fect with the calcination temperature.
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Figure 2 The XRD patterns of samples calcined at different temperature
for 2 hours.

The influence of calcination time on the formation
of LaCoQ; crystalline phase was also studied by XRD.
As it was shown in Fig. 3, the perovskite crystalline
phase has formed after the precursor was calcined :
600°C for 1 hour, accompanied with some tiny peaks
due to some amorphous intermediate £229°). They =
disappeared with the increasing of the calcination time8
The peaks of the crystalline phase only became a Iittltg
sharper and did not change much with the caIcinatiorg
time. O

The results above indicated that LaCp®ystalline
phase can be formed at a relative low temperatur:
(600°C) using an amorphous complex as a precursol
The influence of the calcination temperature is muct
more significant than that of the calcination time.
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3.3. The identification of LaCoO3 species 810 800
The chemical compositions of decomposed sample
have been determined using XPS. The spectra of C_
2p in the decomposed samples calcined at°&band
600°C for two hours are shown in Fig. 4. The binding
energies of Co 29, in Co,03, Coz04 and CoO oxides
were 779.6, 779.8 and 780.4 eV, respectively [14]. The
binding energies of Co 2p in the samples decom- Co304. The Co 2p line of these species also exhibited
posed at 500C and 600C were 779.1 and 778.8 eV a satellite band as CoO oxide. It has been shown that
respectively, whichwas lower than that in cobalt oxides high spin cobalt(ll) compounds have intense satellite
This resultindicated that Co atoms did not exist as simbands associated with Co 3s and Cg,2fines, while
ple cobalt oxides in decomposed samples. Furthermoré¢he satellite lines for the low spin cobalt(lll) compounds
the line shapes of Co 2p in the decomposed samples care either weak or missing [15]. It also has been shown
cined at 500C and 600C were different from that in that the Co 2p spin-orbit splitting is affected by the net

Figure 4 The Co 2p spectra of the sample calcined at8D@nd 600C
for 2 hours.
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spin of the cobalt complex. This probably results fromTABLE | The dependence of grain sizes and crystal sizes on the cal-

muItipIet splitting of the Co 2p lines for the high spin cination temperature which were determined from TEM photos and de-
9 . ived from XRD patt
compounds which in turn, may be responsible for the''o- o P Paterns

broader Co 2p line widths for this compound. Basedremperaturéc,

on the results of Co 2p, it can be considered that Cdor 2 hours 500C 600°C 700°C 800°C  900°C
existed as the cobaltite compound in decomposed san- _
Average grain 15-20 20 25 100-150 200

ples. It can be concluded from the above results that the .

. size, Dg/nm
precursor can be decomposed into Lag@Ompound  average crystal  Amorphous  15.3  18.6 23.7 32.8
even if calcined at 600C in air. size, Dc/nm

The O 1s spectrum consists of two distinct oxygen
peaks. The binding energies are 528.7 eV correspond-
ing to La-O band and 531.4 eV corresponding to Co-OragLE 11 The dependence of grain sizes on the heat-treatment time
band respectively. This result shows that there are tw@etermined from TEM photos and the crystal sizes derived from XRD
chemical environments of O element in this perovskitepatterns
oxide. The lower value is similar with that of L@; )

(528.6 eV) and the other is higher than those in the o2 treatment fime/h, 600 1 ‘ ° 8
simple oxides of CoO (530.1 eV), @03 (529.6 eV),  Average grain size, Dg/nm 10-15 1520 20-25 25-30
Co0304 (530.2 eV) [14]. This implys that O 2p orbit Average crystal size, Dc/nm 9.65 13.0 13.7 13.7
obtains less electron charges from Co valence orbit in
LaCoG; than in monoxides.

The binding energies of La 3d in pure Laand0g  TABLE 111 The specific surface areas measured by BET
compounds were 835.8 eV and 833.7 eV respectively -
[14]. The binding energy of La 3d in decomposed sam-Samlole 53?] ¢ sgc}):c, 6(1)0;0 630;(:' 620;(:'
ple annealed at 60@ for 2 hours was 833.1 eV. It
showed that La element in the perovskite oxide hadspecific 19.34 377 17.86 1541  14.90
stronger polarization ability and a more remarkable re- surface
laxation phenomenon. This result suggested that the area/t-g~*
decomposed sample was cobaltite oxide. It can be con-
cluded from the above results that the precursor can be

decomposed into LaCaxide after it is calcinated at ] ) ] o
a temperature above 600 in air. nal size;Kp is a constantt is the calcination time; 2

hours;n is the time index, 1. It can be deduced that:
INnD=A - Q/(2RT), A= In4Kp/2. There exists a
linear relationship between B and ¥/ T. The slope
3.4. The grain size and crystal size is (—Q/2R). It was obtained that the activation en-
of LaCoOs; species ergy of the grain size growth was 96.75kol~* and
The grain size of LaCo®compound varied with cal- the activation energy of the crystal size growth was
cination temperature has been studied using TEM ag2.44 kJ mol~2.
shown in Fig. 5. The grain edge of the sample calcined The average crystal sizes can be determined from
at 500°C for 2 hours was a little dim as Fig. 5a showed.the XRD pattern parameters according to the Scherrer
It indicated that the sample was still amorphous at thissquation: De= KA /8 cosf. Dc is the average crystal
temperature. This result agreed with that obtained bize,K is the Scherrer constant equal to 0.89s the
XRD. The photos also showed that the grain size wa-ray wavelength equal to 0.1542 nm, afids the full
homogenous and fairly small when the sample was obwidth at half-maximum (FWHM) and is the diffrac-
tained at a lower calcination temperature suchas@00 tion angle [11]. The results are both shown in Tables |
(Fig. 5b) and 700C. The grain sizes grew quickly af- and Il. It reveals that the calcination temperature has a
ter the precursors were calcined at a much higher tensignificant influence on the average crystal size, while
perature. It showed in Fig. 5c that the grain size waghe crystal size does not change too much with the cal-
much bigger after the sample was calcined at®Dfbr  cination time at 600C.
2 hours. The dependence of the average grain size on The specific surface areas of some samples were
the heat-treatment time was also investigated at600 measured by BET method. The results are listed in
The TEM photos show that the heat-treatment time ha3able Ill. The sample calcined at 500 for 2 hours
a less obvious effect on the grain size of the powderhad a larger specific surface area because the sample ex-
The samples calcined for 1 hour (Fig. 5d), 2 hours andsted as amorphous and the grain size was smaller. With
4 hours (Fig. 5e) separately have the similar grain sizethe rising of the calcination temperature, the specific
Even when the sample was calcined for 6 hours, theurface area decreased significantly. These results also
grain size didn't change too much. But it began toindicated that the specific surface area became smaller
gather. After it was calcined for 8 hours, it resulted with the rising of the calcination time, as well as with
in the formation of coarse aggregation (Fig. 5f). the rising of the calcination temperature. The change
The activation energies of the grain size and crystabf the specific surface area was relative with that of
size growth can be calculated according to the Burkegrain size and the crystal size. It obviously showed that
equation:D?—D3 = Kot"exp(-Q/RT) [16]. Disthe  the larger the grain size and crystal size the smaller the
grain or crystal size after calcinedg is the origi-  specific surface area.

5418



108 2Yi63 iR88B 1228

108 24405 iR 88428 i

Figure 5 The TEM photos of the calcined samples. (a) The sample calcined ac5@0 2 hours (100,000 times); (b) The sample calcined at600
for 2 hours (100,000 times); (c) The sample calcined at°’8br 2 hours (100,000 times); (d) The sample calcined at’60for 1 hour (100,000
times); (e) The sample calcined at 6@for 4 hours (100,000 times); (f) The sample calcined at®Débr 8 hours (100,000 times).
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The grain size grows dramatically with the calcination13- M. GUGLIELMI and G. CARTURAN, Joural of Non-
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