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La0 8Sr0 2Ga0 8Mg0 2O3−! (LSGM) based fuel cells infiltrated with different metal catalysts were fabricated and

tested both in H2 and CH4/CO2 mixture. Ni, Co, Ni–Cu, Ni–Co LSGM impregnated powders were investigated

for the dry reforming of methane reaction (DRM) (CH4+CO2 ⇆ 2CO+2H2". The catalytic activity for CH4 and

CO2 conversion followed the order Ni∼Ni–Co> Co > Ni–Cu. Both Ni and Ni–Co catalysts, investigated versus

time (50 hours) on stream of CH4/CO2 = 1 5 at 800 %C, did not show any sign of deactivation indicating their

stability toward coke deposition. Anyway, evidence of few carbon filaments were revealed by SEM micrographs

and the carbon amount evaluated by TG-DTA analysis. Ni-LSGM and Ni–Co LSGM cells showed regarding

electrochemical performance both in H2 and CH4/CO2 mixture in the 650–750
%C temperature range.
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1. INTRODUCTION
Many efforts have been done in the recent years to improve

the performance and the stability of the cells directly fed with

hydrocarbons. The strategies to overcome the limitations of con-

ventional Ni/YSZ cermet can be summarized as in the follow-

ing: enhancing the performance of Ni/YSZ anodes, i.e., adding

a second catalyst that act to reduce the carbon formation1 or

applying a thin protecting layer,2 using alternative metals to Ni

for electronic conduction i.e., infiltrating Cu, Ni, Co, Fe3 or

oxide components4 into porous YSZ scaffolds or using ceramic

anodes mainly with perovskite structure that in reducing condi-

tions provide electronic conduction.5

To get performing cells at reduced operating temperatures

(≤750 %C), La0 8Sr0 2Ga0 8Mg0 2O3−! (LSGM) was selected as

electrolyte for its high ionic conductivity and negligible elec-

tronic contribution over a wide partial pressure range. The main

drawback of LSGM is its chemical reactivity with Ni during the

high temperature co-firing process which produce undesired insu-

lating phases (above 1100 %C). Thus, a two steps procedure was

tuned: a high temperature step (1450 %C) for the porous/dense

bilayer fabrication and a lower temperature step (700 %C) for the

infiltration to avoid deleterious Ni-LSGM reaction. Moreover the

infiltration produce a nano-porous metal coating of the surface of

porous anodic scaffold that can improve the triple phase bound-

ary (TPB) density, reducing the anodic polarization resistance.
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This work reports a study of the catalytic properties of LSGM

powders impregnated with different metal catalysts compared

with the electrochemical investigation of LSGM based fuel cells

infiltrated the same amount of catalysts and fed with H2 and

CH4:CO2 = 60:40 mixture (typical biogas composition).

2. EXPERIMENTAL DETAILS
LSGM commercial powders purchased by Praxair (0.8 m2 g−1"

were used for the fabrication of both anode and spun electrolyte

layers. Supporting anodes were prepared by die pressing method.

The porous pellets were pre-sintered at 1250 %C for 6 h with heat-

ing rate of 5 %C min−1 to get a proper mechanical strength to be

used as substrate for the spin coating. Dense LSGM membranes

were fabricated by spinning a suspension of LSGM in a mixture

of organic solvents then dried at 80 %C for 30 min and thermally

treated at 400 %C for 1 h. To reach the desired electrolyte thick-

ness the spin coating process was repeated and a strict control of

the final film thickness was obtained. Finally, the half cell was co-

sintered at 1450 %C for 6 h. To introduce the catalytic component

into the anodic substrates, the LSGM porous scaffolds were infil-

trated by a 4 M aqueous solution of either Nickel nitrate or Co

nitrate (purity 99% by Aldrich) or their 50:50 mixture. The infil-

trated samples were dried at 400 %C for 1 h and finally calcined

at 700 %C for 30 min. Multiple impregnation/calcinations cycles

were necessary to introduce a proper (>25 wt%) amount of cat-

alytic oxide into the LSGM scaffolds. La0 6Sr0 4Fe0 8Co0 2O3−!
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Fig. 3. I–V and power density curves of Ni-infiltrated (a) and Ni/Co-infiltrated (b) in CH4:CO2 between 750 and 650
 C.

of catalytic measurements performed on corresponding Ni and

Ni/Co transition metals species (30 wt%) with LSGM powders

(Fig. 2) where the addition of Co to Ni did not sensitively modify

the catalytic activity. At 750  C the maximum power output of

Ni-infiltrated and Ni/Co-infiltrated at 750  C were 446 mW/cm2

and 428 mW/cm,2 respectively.

Microstructural investigation after cell tests measurements

(one week long) was performed. No clear evidence of carbon

deposition was observed on both anode substrates. The EDX

(Energy Dispersive X-ray analysis) did not measure the presence

of carbon.
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