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Abstract. A method based on hydrothermal treatments is described for increasing
the surface area of sintered AB9pe perovskite oxides. Influence of hydrothermal
treatments, such as water treatment at 1250Mder autogeneous pressure and
steam treatment at 350800 to low surface area (or sintered) LaGe@d LaMnQ
perovskite oxides on their surface properties (viz. surface area, crystal size and
morphology and surface La/(Co or Mn) ratio) and also catalytic activity in complete
combustion of methane at different temperatures (4509j0@as been thoroughly
investigated. The hydrothermal treatments result in the activation of the perovskite
oxides by increasing their surface area very markedly.
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1. Introduction

ABOgs-type perovskite oxides (A =rare earth element with or without its partial
substitution by alkaline earth element, and B = transition element such as Co, Mn, Ni, Fe,
etc., with or without its partial substitution by other transition elements) have high
potential for their use as catalysts in a number of catalytic reattfoff$ie classical
ceramic solid-solid reaction and co-precipitation methods, commonly used for the
synthesis of perovskite-type oxide, involve high reaction temperature {€PaMd

hence vyield perovskite-type oxides with a low surface area (gZ)ndue to their
sintering". The perovskite-type oxides are also deactivated due to sintering or crystal
growth during their continuous use in high temperature processes. The catalytic
performance of the perovskite-type oxides is well-known to depend on their specific
surface are&d*® and hence it is of great practical interest to activate low surface area
perovskite oxides, which are prepared by the high temperature synthesis methods and/or
sintered during their use, by some means. In our very recent conatiomicwe have
reported a possibility of activating sintered or low surface area La@o® LaMnQ
perovskite-type oxides by their hydrothermal treatment with water (under autogeneous
pressure) or steam (at atmospheric pressure). The present work was undertaken with the
objective of thoroughly investigating the activation of the low surface area perovskite
oxides by the hydrothermal treatments for the complete combustion of methane.

*For correspondence
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2. Experimental methods

The LaCoQ (surface area SA =®nfg™) and LaMnQ (SA = 17 nfg™) perovskite-

type oxides were prepared by carbonate coprecipitation method involving calcination at
925°C. The hydrothermal treatment to the perovskite-type oxide with water under
autogeneous pressure was carried out in a closed stainless steel bombipusingater

per gram of perovskite-type oxide, at different temperatures for 4 h. The hydrothermal
treatment to the LaCaOwith steam at atmospheric pressure was carried out in a
conventional quartz reactor by passing a mixture of steam af@DNnole% steam) at a
space velocity of 5100 cigr*h™. After the hydrothermal treatment, the perovskite-type
oxides were calcined at 6@ for 1 h.

The perovskite-type oxides were characterized by XRD using arCa#iation, by
XPS for determining the surface La/(Co or Mn) atormatia; by Scanning Electron
Microscope for their crystal size and morphology, and also for their surface area using a
Monosorb Surface Area Analyzer (Quantachrome Corp., USA).

The catalytic activity of the perovskite-type oxides in a complete combustion of
methane was measured by passing continuously a methBmad2%)-air mixture at a
space velocity of 51,000 car’h™* (measured at°C and atmospheric pressure) over a
01 g catalyst diluted uniformly with@ g inert solid particles in a quartz reactor at
different temperatures and analyzing the reaction products by an on-line gas
chromatograph as described earlier

3. Results and discussion

The scanning electron micrographs of Lag@Dd LaMnQ perovskite oxidewith or
without hydrothermal treatment are shown in figures 1 and 2. The XRD spectra of
LaCoG; and LaMnQ perovskite-type oxides with or without hydrothermal treatment are
shown in figures 3 and 4. Results showing the influence of temperature on the conversion
of methane in its complete combustion over hydrothermally treated L.a@o@aMnQ
perovskite oxides are presented in figures 5-7. The La@a® LaMnQ perovskites
with or without hydrothermal treatment are compared for their surface area, crystal size
and surface La/(Co or Mn) atomic ratio in tables 1 and 2.

The following observations are made from the results (figures 1-5 and tables 1-2) of
the water treatment to LaCe@nd LaMnQ perovskites and steam treatment to LagoO
perovskite oxide:

» Both the water and steam treatments (at different temperatures) have no significant
effect on the structure of perovskite oxides.

» The hydrothermal treatments result in a very significant increase in surface area for
LaCoG; perovskite oxide, but for LaMngperovskite, the increase in surface area is
relatively less.

» The steam treatment of LaCeferovskite results in a small increase in its surface
area.

* In case of LaCog) there is a very significant change in the crystal size and
morphology due to the hydrothermal treatment (figure 1), depending upon its
severity. However, in case of LaMpQhe observed changes in the crystal size and
morphology after the hydrothermal treatment are relatively very small (figure 2).
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Figure 1. Scanning electron micrograph of LaGo@ithout water treatmenta,
treated with water at 176 (b), at 225C (c), treated with steam at 88D (d).

Table 1. Surface area, crystal size and surface La/(Co or Mn) ratio of La&gaD
LaMnQ; perovskite oxides treated with water under autogeneous pressure.

Perovskite ~ Water treatment Surface area  Crystal size  Surface La/(Co
oxide temperaturéC) (mfg™) (um) or Mn) ratio
LaCoG; Without treatment © 1n 098

125 3 - -

175 143 07 -

225 160 0B 130
LaMnO;  Without treatment g (01} 108

175 30 - -

225 39 045 n1

300 15 04 120
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Figure 2. Scanning electron micrograph of LaMa®@ithout water treatmentay,
treated with water at 226 (b) and at 30%C (c).

Table 2. Surface area, crystal size and surface La/(Co or Mn) ratio of LaCoO
treated with steam at atmospheric pressure.

Steam treatment Surface area Crystal size Surface La/Co
temperature®C) (mfg™ (um) ratio

Without treatment q 11 098

350 14 - -

500 13 - -

600 17 - -

700 19 - -

800 23 02 108

e The surface La/Co (or Mn) ratio of the perovskite oxides is increased with increasing
the severity (i.e. temperature) of the hydrothermal treatment.

¢ The methane combustion activity of all the water and steam treated catalysts is higher
than that of the untreated one. As compared to Lajitif@ increase in the catalytic
activity of LaCoQdue to the hydrothermal treatments is larger.

These observations clearly indicate a beneficial effect of the hydrothermal treatments
and steam treatment to the perovskite-type oxides for their activation or reactivation. This
approach may also be employed for activating other low surface area or sintered
perovskite-type oxides.
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Figure 3. XRD spectra of LaCo@[without treatment &), treated with water at
125°C (b), 175C (c), 275C (d), with steam at 35 (€) and 808C (f)].
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Figure 4. XRD spectra of LaMn@ [without treatment &), treated with water at
225°C (b)].
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Figure 5. Effect of temperature on the conversion of methane in its complete
combustion over LaCo{3- treated with water at 135 (0), 175C (a), 225C (v)
and without water treatmentl(.
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Figure 6. Effect of temperature on the conversion of methane in its complete
combustion over LaCof3- treated with steam at 3%D (o), 500°C (), 600C (v),
700°C (a), 800C (@) and without water treatmeritij.

The increase in the surface area of the perovskite-type oxides and the observed decrease
in the crystal size by the steam treatment at 35(%BG@0e expected because of the
recrystallization during the high temperature hydrothermal treatment depending upon the
steam treatment temperature. Whereas in the water treatment at autogeneous pressure



Activation of ABGtype perovskite oxides 541

40

w
o
T

N
o
T

Methane conversion (%)

10

450 500 550 600
Tenperature ¢C)

Figure 7. Effect of temperature on the conversion of methane in its complete
combustion over LaMn@- treated with water at 176 (0), 225C (a), 300C (v)
and without water treatmeritl.

(at 125-300C), the perovskite-type oxides are expected to be hydrolyzed, at least
partially, and recrystallized during the calcination at®@®eading to a large increase in

their surface area. The hydrolysis followed by the recrystallization may have caused a
larger change in the surface area and crystal size in case of the water treatment. The
observed increase in the surface La/Co (or Mn) ratio with increasing the severity of the
hydrothermal treatment in both the water and steam treatment also indicate the
recrystallization of the perovskite-type oxide causing redistribution of La and Co (or
Mn).

The methane combustion activity, when expressed per unit mass of the perovskite-
type oxide catalyst, is increased due to the hydrothermal pretreatment. However, the
catalytic activity, when expressed per unit surface is decreased appreciably, particularly
due to water treatment and this is consistent with the increase in the surface La/Co (or
Mn) ratio or with the decrease in the surface concentration of Co or Mn (which is
responsible for the combustion activity of the catalyst).

4. Conclusions

Surface area and catalytic activity (in the methane combustion for methane emission

control) of low surface area (or sintered) LaGa@®dd LaMnQ perovskite type oxides

can be increased markedly by hydrothermal treatment of the perovskites with water

(under autogeneous pressure) or steam. In the hydrothermal treatments, there is little or
no influence on the structure of the perovskite oxide, but its crystal size and surface

La/Co (or Mn) ratio are changed significantly; the former is decreased and the later is

increased with increasing the severity of hydrothermal treatment.
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