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Abstract

A novel chemical synthesis route has been developed to prepare ,.&8IO low cost inorganic precursors, by gelation—precipitation
technique. Phase evolution, morphology, agglomeration and surface area were studied as a function of chloride content and heat treatment
temperature. The samples containing chloride crystallized at X1@@dth the formation of intermediate phases. The product was highly
agglomerated and had low surface area. On the contrary, the as-synthesized chloride-free samples crystallized directly to ppexrLaAlO
ovskite phase at 60, which is the lowest crystallization temperature achieved so far. Scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) of chloride-free samples reveal very fine clusters of nanosized spherical particles. The as synthesized and calcined
chloride-free samples have a high surface area and are thermally stable upt€ 16fitout decomposition.
© 2004 Published by Elsevier Ltd and Techna Group S.r.l.
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1. Introduction LaAlO3 prepared by conventional solid-state reaction of
oxides at high temperature (1500-17@) [4,5] has large
Lanthanum aluminate (LaAl§) has a permittivity of 23, particle sizes, limited chemical homogeneity and low sinter-
aQ x f of 65,000 and a negative of —44 x 10°5°C[1], ability. Various low temperature chemical routes have been
suitable for applications in dielectric resonators. La@lO tried namely sol-g€gE], urea decompositiofY], self propa-
has also been widely used as a substrate for depositinggating combustion synthedi8], coprecipitation of hydrox-
superconducting thin films for microwave devices since it ides[9], polymerization rout¢10], mechanochemical route
provides a high quality factor and excellent lattice and ther- [11], citrate combustion routfl2], PVA evaporation route
mal expansion matching to Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O [13], etc. The major drawback of most of these chemical
superconductorg2,3]. Due to its high surface area and routes was that full LaAl@ phase formation was observed
catalytic activity, LaAlQ has also been used as catalyst only above 1100C and the as-synthesized particles were
for oxidative coupling of methane. However, for practical highly agglomerated. In this study, we report an easy, inex-
applications it is necessary to reduce the sintering temper-pensive, and reliable method to synthesize LaftOwders,
atures of LaAl@ ceramics from 1400-160G, so that it which not only crystallizes at low temperature retaining a
can be co-sintered with low-melting conductors to produce high surface area, but also could be sintered to near full den-
multilayered miniaturized devices. This can be achieved by sity at low temperatures, thus giving improved microwave
using fine particle sized homogenous powders and/or low dielectric properties.
melting glass additions.

2. Experimental
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+ ation (. = 1.54056 A) operating at 30kV and 25mA, and

a scan rate @ of 2°/min. Based on XRD line broadening
NH,OH at half-maximum of the (112) peaki (= 2.6804 at 2 =
| 33.40°), crystallite sizes in the calcined LaA{powders

at various calcinations temperatures were estimated using

| Precipitation — Gelation

l the Scherrer equatiofi4]. Scanning electron microscopy
l l (SEM, Leica Stereoscan 440, LEICA, England) and trans-
Gel Precipitated Powder | Distruption of Gel Network | mission electron microscopy (TEM, JEM 1200 EX, JEOL,
(GPP) Japan) was used to observe the particle and agglomerate
size, morphology and the amount of agglomeration of the

| Centrifugal washing |<—

| Ultrasonication l—

l 3. Results and discussion
| Washed Gel Powder (WGP) |

particles.

3.1. Powder preparation

Oven Drying | i . .
In the combined gel synthesis, on the addition of ammo-
l nia, the precipitated particles cross-link to form a gel struc-
| Grinding | ture, which is capable of arresting the remaining solvent,
l and the unprecipitated solutes get immobilized. Hence, the
| Caleimation | as-synthesized powder is a mixture of NE, Al(OH)3 and
La(OH)z, with some unprecipitated Laghnd AICk. This
l is confirmed by the large amount of chloride present in the
| raao, | as-synthesized GPP samples as showfiahle 1 In the
_ , second process, the intense magnetic stirring disrupts the
Fig. 1. Flowchart of the powder preparation process. gel and the immobilized unreacted solutes get precipitated

during ultrasonication process. The NME formed gets re-
India) were used as precursors. 0.5M solutions of kaCl moved from the system during repeated centrifugal wash-
and AICk were mixed in equimolar ratio. Dropwise am- ing. The DTA-TG (not shown here) of the GPP and WGP
monia solution (E-Merck, India) was added in excess into S@mples show two endothermic peaks at 240 and’@30
the mixed chloride solution whereby gelation followed by Which could be due to the dehydroxylation of La(Qté)nd
precipitation occurs. The transformed gel was oven dried Al(OH)s, respectively. However, the centrifugally washed
for overnight, which upon grinding produced a fragile 9€l powders showed a higher degree of endothermicity due
porous fluffy mass. Thus, prepared powders are hence-0 @ greater hydroxide content. The TGA showed weight
forth referred to as gel precipitated powders (GPP). In l0Ss corresponding to the same temperatures. The TG of the
another sequence, the precipitated-gel was disrupted with@s synthesized WGP sample showed a 30% weight loss and
intense magnetic stirring followed by ultrasonication. The that the powders became loss free above"400n contrast,
disrupted gel was centrifugally filtered at 5000 rpm for the GPP samples show a weight loss of more than 70%,
10min for six to eight times to wash off chlorides. The Most of it occurring below 400C, with a faint weight loss
filtered mass was dried to get another batch of porous continuing till higher temperatures. due removal of residual
fluffy mass. These powders are hereby referred to as cen-chlorides.
trifugally washed gel powders (WGPFig. 1 shows the
block diagram of the powder preparation process in this

work. Table 1

Chloride content of the powders prepared by the two routes at various
heat treatment temperatufes

2.2. Powder characterization

Temperature GPP (wt.%) WGP (wt.%)
Simultaneous thermogravimetry (TG) and differential AS-Synthesized 36.45 265
; ; 00°C 5.30 1.18
thermal analysis (DTA) were performed at a heating rate of 600°C 495 012
10°C/min with alumina as reference (Model TG/DTA 32, gooec 2.16 -
Seiko, Japan). The chloride content of the as-synthesizedi1oo°c 1.85 -
and heat treated samples were analyzed. The phase analyt300°C 0.2 -

sis was done by powder X-ray diffraction (XRD) method aA dash () denotes that the chloride content was beyond the detection
(Model No. PW 1730, Philips, Holland), using CuxKadi- limits.
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Fig. 2. XRD patterns of as-synthesized and calcined powders prepared by he two routes: (A) gel precipitated powders; (B) washed gel powders.

3.2. Effect of chloride on phase evolution R-3c) matches with the earlier reported valuds]. The
crystallite sizes of powders calcined at 600, 1000, 1100 and
The as-synthesized GPP samples exhibited crystalline1300°C were found to be 15, 25, 28 and 32 nm, respectively.
phases, e.g. NkC| as shown inFig. 2(A). However, the The surface area of powders calcined at B0Omea-
as-synthesized washed gel samples were fully X-ray amor-sured by BET method was found to be 4&%gm, which
phous and no peaks of ammonium chloride could be de-is much higher than the earlier reported valiels 12] The
tected as seen iffig. 2(B). This proves that the washed particle size calculated from surface area, assuming spheri-
gel powders were quite free from chlorides, and repeatedcal particles, was found to be23 nm (density of LaAlIQ@
centrifugation—washing was effective in removing the is 5.86g/cm). The BET surface area of the WGP sample
chloride ions from the precipitate as confirmed from the was measured to be72n?/g, and after heat treatment to
analysis for chloride contenTéble ). The chloride content  1300°C for 4 h, it retained a high surface area-e40 nt/g,
gradually decreases on heating the powders, which is due tomuch greater than the earlier reported works. This retention
the decomposition of unprecipitated A{Gind some LaGl of high surface area by LaAlDis due to the lowering of
The gel-precipitated samples calcined at 400, 600, 800 andcrystallization temperature, as there is strong tendency for
1000°C, show the presence of an impurity phase lanthanum simultaneous grain growth when crystallization takes place
oxychloride, LaOCI (ICDD File card no. 08-0477) at all at high temperatures, causing reduction in surface area.
these temperatures, along with the lanthanum aluminate
phase, LaAl@ above 800C. During heat treatment Lag’l 3.3. Effect of chloride on powder morphology
forms the LaOCI phase, which then delays the LafAlO
phase formation. The complete LaAlphase formation The SEM micrographsHig. 3 show that the GPP sam-
was achieved in the sample calcined at 1100and there  ples have an irregular powder morphology and are highly
was no deterioration in the crystalline nature of the LafAlO agglomerated, the average agglomerate size being about
phase on heating it to 160C. 0.5-2um. The agglomeration could be due to strong hy-
On the contrary, the washed gel samples calcined atdrogen bonding in the gel network, which is then diffi-
400°C were still amorphous, and no intermediate crystalline cult to remove in the subsequent stages. The agglomerate
phase could be detected and at 6GCull crystallization to size further increases on heating it to 13@as shown in
LaAlO3 phase takes place. To the best of our knowledge, this Fig. 3(B). The WGP samples, on the contrary, show a bet-
is the lowest temperature achieved so far, previous reportedter morphology than the GPP samples, have finer particles
lowest value being 678C by Adak et al[13]. In the present  at the same calcination temperatures, the primary agglom-
work, it is possible that the crystalline LaA{(phase might  erates being 200—300 nm in size. The TEM micrograph in
have evolved from a completely homogeneous mixture of Fig. 4(A)shows that the particles of gel-precipitated samples
the metal hydroxides in the precipitated gel, which have have got sintered and have irregular shape at the crystalliza-
brought down the crystallization temperature. Furthermore, tion temperature of 110@C. On the contrary, the washed
the absence of peaks for eitherJCg or Al;O3 suggests  gel powders are almost spherical in shape and have a nar-
that the stoichiometry of the metal ions is maintained in our row size distribution with a particle size of 25-30 nm at the
chemical synthesis route. The measured lattice parametergrystallization temperature of 60C as seen irFig. 4(B).
(@ = 5.357A,a = 60.1°, V = 108951 A3, space group  This regular morphology in the WGP samples is a result of
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Fig. 3. SEM micrographs of the powders calcined at 800(A and C) and at 1300C (B and D). The micrographs (A) and (B) correspond to
gel-precipitated samples whereas (C) and (D) correspond to washed gel powder samples.

(A)

Fig. 4. TEM micrographs of the gel-precipitated powder calcined at 1CO®) and washed gel powder calcined at 6@0(B).
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