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Flame-spray pyrolysis (FSP) is an efficient method for the synthesis of multi-component nanomaterials and 
has been recently widely applied for the preparation of heterogeneous catalysts [1-3]. The rapid quenching 
after the FSP process typically affords materials with high surface area and tunable structural and chemical 
properties. Recently, perovskites such as LaCoO3 and SrTi0.9Ag0.1O3 have been prepared [4]. In the present 
study, we investigated undoped and Pd-doped LaCoO3. The latter is a potential catalyst for NOx-removal by 
selective catalytic reduction (SCR) and we thus explored the stability of LaCoO3 in oxidizing and reducing 
atmosphere in the presence or absence of palladium [5]. Thermogravimetric investigations demonstrated a 
strong difference between the two materials. Since the catalyst and particularly the cobalt constituent re-
oxidized during air exposure, ex situ studies could not unravel the changes in structure. For this pupose, in 
situ diffraction and spectroscopic studies were required. 

The in situ powder diffraction experiments were performed at beamline B2 at the DORIS storage ring at 
HASYLAB [6]. The powder diffractograms were taken above the Pd K-edge at λ = 0.47195 Å using a 
Si(111) double-crystal as monochromator. Note that the 2θ axis of the XRD patterns was converted to the 
wavelength of the Cu Kα radiation for comparison to lab-XRD experiments (λ = 1.540589 Å).  For 
detection an image plate detector was used. A capillary cell (diameter of the quartz glass capillary was 1 mm 
with an inner diameter of 0.5 mm) for in-situ investigation under controlled gas atmosphere and flow 
conditions was used. The sample was heated using an electric resistance heater. The feed of gases (5% H2/He 
for reduction and 21%O2/He for calcination/re-oxidation, typical flow of 15 ml/min) was controlled using 
mass flow controllers. The pressure before the sample entrance was 2-2.5 bar (details of the in situ setup are 
given in ref. [7]). 

Figure 1 shows the changes observed 
during heating LaCoO3 in hydrogen up 
to 700°C. Reduction accompanied by 
intermediate phase transformations is 
observed. At 300°C, LaCoO3 is 
reduced to La3Co3O8 (rather defined at 
350°C), subsequently it is further 
reduced to La2Co2O5 at 400°C. The 
reduction occurs step-wise, as also 
observed by thermal analytical studies. 
Only above 600°C the complete 
reduction to metallic cobalt and thus 
the destruction of the mixed metal 
oxide lattice is observed. 

The addition of palladium to the 
0.5%Pd-doped LaCoO3 dramatically 
changed the reduction behaviour (cf. 
Figure 2). In situ X-ray absorption 
spectroscopy measurements (not 
shown) revealed that palladium already 
starts to reduce at 120-150°C and it 
seems that the reduction of the 
perovskite follows this trend. Already 
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Fig. 1: Normalized in-situ XRD of flame made LaCoO3
(calcined at 800°C) during reduction in flowing 5%H2/He 
at different temperatures up to 700°C. Patterns attribution: 
LaCoO3 (below 350°C); (b) La3Co3O8 (350°C); (c) 
La2Co2O5 (400°C); (d) La2O3 + Co; phases (700°C).  
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at 150 °C, some La3Co3O8 is observed, which represents nearly the pure mixed oxide phase at 200°C. 
Further transformation to La2Co2O5 takes takes place at 300 °C. Note that small amounts of Co3O4 are 

present as well; this phase is first 
reduced to CoO and then to metallic Co. 
The destruction of the mixed oxide 
matrix and thus the formation of La2O3 
is observed at lower temperature than in 
the undoped material and occurs at  
550°C. 

Further in situ powder diffraction studies 
showed that La2Co3O8 in the reduced Pd-
LaCoO3 catalyst (at 160°C) rapidly re-
oxidized in 21%O2/He, wheras  Pd K-
edge XANES (not shown) revealed that 
Pd at this temeprature and atmosphere is 
still mainly reduced. Ex situ XRD 
displayed that the same phase after 
overnight exposure at room temperature 
in air was re-oxidized to La3Co3O8. This 
demonstrates the dynamics of the 
catalytic system and indicates that 
LaCoO3 is able to reversibly uptake and 
release oxygen. 

In summary, undoped and Pd-doped 
high surface area LaCoO3 materials have been successfully synthesized using flame spray pyrolysis. The 
doping with Pd strongly influences the reduction (and also re-oxidation) properties of the cobaltite. The 
oxidation state of palladium has been recently followed using in situ fluorescence X-ray absorption 
spectroscopy. The formation of metallic palladium was found to be related to the reduction of the perovskitic 
matrix. The Pd-doped catalyst is highly active in NOx-removal by selective catalytic reduction under lean 
conditions. We are  presently exploring the relationship between structure and catalytic performance of this 
catalyst in more depth to determine which structural parameters are crucial for high catalytic activity.  

We thank HASYLAB for providing beamtime for this work. 
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Fig. 2: Normalized in-situ XRD of Pd-LaCoO3 during 
reduction in 5%H2/He at different temperatures up to 700°C. 
Patterns attribution: (a) LaCoO3; (b) La3Co3O8; (c) La2Co2O5; 
(d) La2O3 + Co; phases. 
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