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Fig. 1. Microstructure of cermet anodes NiO-ScSZ (a), NiggsMgposO-ScSZ (b) and
Nig.oMgo10-ScSZ (c). These anodes screen-printed on the ScSZ plate were sintered at 1300 °C for 3
h, then reduced in pure H, flow at 900 °C for 2 h.
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Fig. 2: Time dependence of anode potentials (against RE in air) and anodic overvoltages in
supplying humidified digester gas (CH4:CO,:H,0=12:8:5) (a) and dry digester gases with different
CH./CO, ratios (b-d) under constant current density of 200 mA cm™ at 900 °C.
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Table 1: Methane consumption rate at 900 °C for digester gas-fueled SOFC using different types

of anode material under open and closed circuit (200 mA cm’z) conditions.

Methane consumption rate* / pmol s™ cm™

Composition of simulated

NiO-ScSzZ Nio.sMgo.1O-ScSZ
digester gas
Open Closed Open Closed
CH4:CO2:H,0 = 12:8:5 4.6 - 5.2 5.4
CH4:CO, =3:2 5.9 6.5 5.9 7.2
CH4CO, =1:1 6.6 6.8 7.3 7.6
CH4:CO, = 2:3 3.9 3.9 53 5.3

*measured by automatic gas chromatograph GC-20B (Shimazu, Japan) after 50 h cell operation.

Table 2: Open circuit voltage (OCV) measured at 900 °C for digester gas-fueled

SOFC using different types of anode material.

Composition of simulated Open circuit voltage / mV
digester gas NiO-ScSz Nio.oMgo.10-ScSZ
CH4:CO2:H,0 = 12:8:5 940 983
CH4:CO, =3:2 1073 1095
CH4CO,=1:1 1048 1065
CH4:CO, = 2:3 968 968
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Fig. 3: Time dependence of cell voltage normalized with V, (voltage before H,S poisoning) during 1
or 5 ppm H,S poisoning under constant current density of 200 mA cm measured at 900 (a) and
1000 °C (b). Dry digester gas consisted of 60 % CH, and 40 % CO, was fed as a fuel.
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Fig. 4: Time dependence of anodic overvoltage normalized with 7, (anodic overvoltage before H,S
poisoning) (a) and anode-side IR drop normalized with IR, (anode-side IR drop before H,S
poisoning) (b) during poisoning test under constant current density of 200 mA cm™ measured at 900
°C. Dry digester gas consisted of 60 % CH, and 40 % CO, was fed as a fuel.
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Fig. 5: Time dependence of anodic overvoltage normalized with 7, (anodic overvoltage before H,S
poisoning) (a) and anode-side IR drop normalized with IR, (anode-side IR drop before H,S
poisoning) (b) during poisoning test under constant current density of 200 mA cm measured at
1000 °C. Dry digester gas consisted of 60 % CH, and 40 % CO, was fed as a fuel.
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A wide variety of hydrocarbon fuels can be fed directly into solid oxide fuel cells (SOFCs)
operated at high temperature of 800-1000 °C. Actual fuels such as natural gas, town gas and digester
gas are reformed on anode material and converted to hydrogen and carbon monoxide which
participate in electrochemical reaction resulting in electricity. Digester gas, mainly consists of CHy,
CO, and H,0 with the traces of impurities such as H,S, is obtained from wastewater metabolized by
bacteria under anaerobic conditions. The effective production of electrical energy from chemical
energy of digester gas through SOFC system is quite attractive in development of an
environmental-friendly energy conversion system.

To realize SOFC running on digester gas, novel anode material, which exhibits higher reforming
activity and tolerance to H,S poisoning than those of conventional NiO-ScSZ (scandia stabilized
zirconia) anode, must be developed. We prepared Ni;xMgxO solid solution by means of wet process
using Ni(NO3),-6H,0 and Mg(NO3),-6H,0 as starting materials. Small particles of Ni with 50 nm in
size can be formed by the reduction of the solid solution, whereas Ni particles formed from NiO
easily agglomerated resulting in smaller catalyst area in the cermet anodes. Therefore, we adopted
the solid solution as a promising catalyst for internal reforming SOFC and mixed with ScSZ
resulting in novel anode material Ni;«MgyO-ScSZ. Using the NiggMgo10-ScSZ anode, excellent
performance of digester gas-fueled SOFC was achieved for both humidified and dry digester gas

operations.



