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The effect of feed gas profile on the performance of molten carbonate fuel cell, by altering the wetting 
characteristics of Ni·l0 wt % Cr anode structure was experimentally analyzed and described. The feed 
gas profile was altered in such a way that the oxidant environment was maintained at the anode 
compartment tiD the cell temperature is raised to 773 K (little above the melting point of the carbonate 
mixture) and changed to simulated MCFC feed gases after 873 K. This developed profile can be 
conveniently applied for operating MCFC with 100 % reproducibility of the ceU performance. 
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anode and a lithium doped nickel oxide cathode (reinforced 

with 0.25 mm expanded 316L stainless steel mesh) 
INTRODUCTION 

Respective gas chambers were made of stainless steel The 
Anode material used in molten carbonate fuel cells is porous schematic of the cell assembly is shown in Fig.l. Perforated 
Ni- 10 wt % Cr having porosity of - 60 % and - 4 micron nickel and stainless steel sheets (1.0 mm thickness) were 
median pore size [I]. Chromium [2] and aluminum oxide [3] used as current collectors for the anode and cathode 
are used as additives in these electrodes to stabilize the respectively. All the cel! tests were conducted by in-situ 
structure against sintering, at the operating cell temperature firing of the tape cast cell components. 
of 923 K. Though this anode structure is insensitive to the . 

Electrolyte retention matrix was made from lithiumflooding by the carbonate electrolyte, poor wetting is 
aluminum oxide (LiAl02) powder of surface area 12 m2

/ g.experienced due to its metallic nature than that of its counter 
prepared by combustion synthesis [4] and cast as a tape ofpart lithium doped nickel oxide electrode (cathode). 
1.0 mm thick (green tape thickness). The amount ofPerformance and life of the molten carbonate fuel cells 

mainly depends on the effective distribution of the carbonate 

mixture in the pore structure of the cell components. 

So in this study the applicability of the new profile for the 

gas feed at various operating temperatures was explored to 

improve the electrolyte wetting which in turn affect the 

distribution of the electrolyte in the anode pore structure 

under the operating cell conditions. 

1, C\l..CC"ent. c:ollectce J. T 1le 

EXPERIMENTAL 

Test cells of area 45 cm 2 were used in this study. The cells 

employed 1.0 mm thick tape cast Ni- 10 wt % Cr as an Fig.I: Cell assembly 
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Table· I: Physical parameters 

Median pore dia Thickness 
Porosity (%) ( 11m) (mm) 

CeU Ini- after Ini- after Ini· after 

components tial 100 tial 100 Hal 100 
hrs of hrs of hrs of 

test test test 

Anode 65 60 4 4.6 1.0 0.75 
Cathode 75 67 1.0 08 

Tile 42 39 1.0 0.70 

carbonate electrolyte needed by the cell components for an 

effective operation of the cell was calculated from the 

por ity and volume percentage values of the respective 

compon nls. This amount with some excess to compensate 

for other loses, was loaded in the fonn of cast tapes, The 

porosit and pore size of the cell components were measured 

by using mercury porosimeter (Micromeritics USA). Particle 

size and surface area values were measured from a BET 

surface area analyzer (Carlo Erba 18(0). The effect of feed 

ga profile over the distribution of the electrolyte in the 

anode pore structure was studied by changing the feed gas 

p ofile at various levels of temperature during cell operation. 

The carbonate content in the cell components was estimated 

hy leaching out the carbonate electrolyte using a mixture of 

70 % acetic acid and 30 % acetic anhydride solution The 

difference in weights of the carbonate was correlated with 

the change in feed gas profile. 

RESULTS AND DISCUSSIONS 

Table. 

values 

I shows the porosity. pore diameter and 

before and after the in-situ firing of the 

thickness 

tape cast 

Table· II: Gas feed profde 

Tempe­ Rate of heating Cathode 

rature K Klminute Anode gas gas 

Room 
Temperature-3?3 4 Oxidant Oxidant 

373-723 I Oxidant Oxidant 
723-723 Hold (24 hrs) Oxidant Oxidant 

723-773 4 Oxidant Oxidant 

773-773 Hold (48 hrs) Oxidant Oxidant 
773-873 ! Inert Oxidant 
873-923 4 Fuel Oxidant 

Composition (%) 

0 v idanl: CO2-30, O2-15 and N2-S5. Fuel: Hz - 60 and 

CO2 ­ 40. Humidified at 333 K. 

Table-III: Electrolyte content 

Component Initial loading 
(g) 

After 100 hrs of 
test (g) 

Anode 
Cathode 

Tile 
Excess 
Total 

2.80 
1.62 
9.35 
1.23 
15 

3.14 
2.10 
9.64 

14.88 

anode, cathode and the matrix tile. From the available results 

after 100 hours of operation. it was observed that a little 

increase in median pore size in the range 4.0 IJ.rn to 

4.6 IJ.m), with a large broadening of the pore size 

distribution. This may be due to the effect of carbonate melt 

on the an de structure. In spite of in- situ sintering of the 

anode material in the reduced atmosphere, no appreciable 

change in porosity was found after 100 hrs of continuous 

operation. The observed results confinn the role of lithiated 

chromium oxide film fanned by the reaction of chromium 

and lithium carbonate (from the electrolyte) with enough 

small pores, on the anode structure [21. 

Identical electrode components and same temperature profile 

were used for the entire cell test. Different researchers [5-7] 

have recommended different feed gas profiles. The 

developed profile under the present investigation is shown 

in Table-n. 

In order to obviate the difference in initial welting ability of 

the anode and cathode, the oxidant gas feed was maintained 

at the anode side till the temperature is raised to 773 K (little 

above the melting point of the carbonate mixture). The feed 

gases were switched to simulated MCFC gas feed at 873 K. 
Results of the post test analysis of the cells after holding the 

cell temperature at 773 K for about 48 hrs and after 100 

hours of continuous test at 923 K is tabulated in Table- III. 
IL would appear from the table that maintaining the oxidant 

feed gas on both the anode and cathode sides. till the 

temperature reaches 773 K resulted in effective initial 

wetting of both the electrodes. The estimated carbonate 

content in the anode and cathode structure after 100 hrs of 

continuous test showed little difference in higher percentage 

of electrolyte uptake than the calculated one. The percentage 

difference was found to be in the ratio 1:2 respectively. This 

difference for the cell with other gas feed profile was high 

and the ratio was found to be 1: 8. From the above results 

it is clear that the excess electrolyte found in the cathode of 

the cells tested with conventional gas feed profile was due 

to the anode structure, which could not wick more 
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electrolyte, resulted in poor cathode perfonnance. Thus the 

perfonnance of the MCFC depends on the amount of 

electrolyte predetennined and loaded for the cell components 

and wetting characteristics of the anode structure. By 

following the developed gas feed profile, effective wetting 

of the anode structure can be achieved. 

The open circuit voltage of all test cells with the developed 

gas feed profile, rose to a Donnal value of 1.1 V at 923 K 

without any difficulty. 100% reproducibility of the cell 

perfonnance was obtained instead of 70% for cells while 

employing the other feed gas profiles. 

CONCLUSIONS 

MCFC containing tape cast components, when operated with 

the developed feed gas profile exhibited 100% peIfonnance 

reproducibility. The experimental observations shows that the 

developed profile is efficient than the other profiles and 

would be conveniently followed for operating the molten 

carbonate fuel cells at 923 K. 
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