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MCSLLP 

CLAIMS 

 

 1.  A molten metal anode solid oxide fuel cell (MMA-SOFC) system 

comprising:  

a first MMA-SOFC comprising a first cathode, a first molten metal anode, and a 5 

first solid electrolyte disposed between the first cathode and the first molten metal 

anode;  

a second MMA-SOFC comprising a second cathode, a second molten metal 

anode, and a second solid electrolyte disposed between the second cathode and the 

second molten metal anode;  10 

a molten metal conduit configured to deliver molten metal from the first molten 

metal anode to the second molten metal anode;  

a fuel contactor integral with the first MMA-SOFC or in fluid communication 

with the first MMA-SOFC; and  

one or more external electric circuits, wherein  15 

the first molten metal anode comprises an oxidation region configured to 

oxidize the molten metal to produce metal oxides and electrons, and  

the fuel contactor comprises a regeneration region configured to reduce 

the metal oxides and produces metal sulfides in the molten metal upon reaction 

with sulfur-containing fuel;  20 

the second molten metal anode is configured to oxidize the metal sulfides 

in the metal sulfides-containing molten metal to produce metals and electrons; 

and  

the external electric circuits are configured to generate power from the 

electrons produced in both the first MMA-SOFC and the second MMA-SOFC; 25 

and wherein a solid metal anode is disposed between the second molten metal 

anode and the second solid electrolyte.  

 

2.  The system of claim 1 wherein the second solid metal anode comprises 

metals or metal-ceramics.  30 
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3.  The system of claim 1 wherein the second solid metal anode comprises 

metal selected from the group consisting of iron (Fe), copper (Cu), nickel (Ni), cobalt 

(Co), and combinations thereof.  

 

4.  The system of claim 1 wherein the first molten metal anode, the second 5 

molten metal anode, or both comprises metal selected from the group consisting of tin 

(Sn), bismuth (Bi), indium (In), lead (Pb), antimony (Sb), copper (Cu), molybdenum 

(Mo), mercury (Hg), iridium (Ir), palladium (Pd), rhenium (Re), platinum (Pt), silver 

(Ag), arsenic (As), rhodium (Rh), tellurium (Te), selenium (Se), osmium (Os), gold 

(Au), germanium (Ge), thallium (Tl), cadmium (Cd), gadolinium (Gd), chromium (Cr), 10 

nickel (Ni), iron (Fe), tungsten (W), cobalt (Co), zinc (Zn), vanadium (V), and 

combinations thereof.  

 

5.  The system of claim 1 wherein the first molten metal anode, the second 

molten metal anode, or both comprises antimony.  15 

 

6.  The system of claim 1 wherein the first solid electrolyte, the second solid 

electrolyte, or both comprises zirconia-based electrolytes or ceria-based electrolytes.  

 

7.  The system of claim 6 wherein the zirconia-based electrolytes are 20 

selected from the group consisting of yttria stabilized ZrO2 (YSZ), scandia stabilized 

ZrO2 (ScSZ), calcia stabilized ZrO2 (CSZ) and combinations thereof.  

 

8.  The system of claim 6 wherein the ceria-based electrolytes comprise rare 

earth doped ceria.  25 

 

9.  The system of claim 6 wherein the ceria-based electrolytes are selected 

from the group consisting of gadolinium doped ceria (GDC), yttria doped ceria (YDC), 

samarium doped ceria (SmDC), and combinations thereof.  

 30 

10.  The system of claim 1 wherein the first solid electrolyte, the second solid 

electrolyte, or both comprises of yttria stabilized ZrO2 (YSZ).  
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11.  The system of claim 1 wherein the first cathode, the second cathode, or 

both is selected from the group consisting of lanthanum strontium manganite (LSM), 

yttria stabilized ZrO2/lanthanum strontium manganite (YSZ-LSM), lanthanum 

strontium cobalt ferrite (LSCF), and combinations thereof.  5 

 

12.  The system of claim 1 further comprising a fuel contactor in fluid 

communication with the first molten metal anode and the second molten metal anode.  

 

13.  The system of claim 12 wherein the fuel contactor comprises a porous 10 

ceramic, metal, or combinations thereof.  

 

14.  The system of claim 1 further comprising a sacrificial reducing agent 

downstream of the second molten metal anode and configured to reduce the metal 

oxides to metal.  15 

 

15.  The system of claim 14 wherein the sacrificial reducing agent is a 

graphite rod or one selected from the group consisting of iron (Fe), zirconium (Zr), 

manganese (Mn), tantalum (Ta), silicon (Si) or titanium (Ti) and combinations thereof.  

 20 

16.  The system of claim 1 further comprising SO2 removal and treatment 

equipment downstream of the second molten metal anode.  

 

17.  The system of claim 16 wherein the SO2 removal and treatment 

equipment comprises one or more units selected from the group consisting of a wet 25 

scrubber unit, a spray-dry unit, a wet H2SO4 processing unit, a SNOX flue-gas 

desulfurization unit, and combinations thereof.  

 

18.  The system of claim 1 further comprising a catalytic section of a Claus 

unit downstream of the second molten metal anode, the catalytic section of the Claus 30 

unit being configured to utilize SO2 byproduct to catalytically convert H2S to elemental 

sulfur.  



- 24 - 

 

MCSLLP 

 

19.  The system of claim 1 further wherein the sulfur-containing fuel is 

selected from the group consisting of hydrogen fuel, carbon fuel, hydrocarbon fuel, 

hydrogen sulfide, and mixtures thereof.  

 5 

20.  The system of claim 1 wherein the fuel contactor is integrated into the 

first MMA-SOFC.  

 

21.  The system of claim 1 wherein the fuel contactor is separate but in fluid 

communication with the first MMA-SOFC.  10 

 

22.  The system of claim 1 further comprising an additional fuel contactor in 

fluid communication with the second molten metal anode, wherein the additional fuel 

contactor comprises a sulfation region configured to produce metal sulfides in the 

molten metal.  15 

 

23.  A molten metal anode solid oxide fuel cell system (MMA-SOFC) 

comprising:  

a first MMA-SOFC comprising a first cathode, a first molten metal anode, and a 

first solid electrolyte disposed between the first cathode and the first molten metal 20 

anode, wherein the first molten metal anode is configured to oxidize molten metal to 

produce metal oxides and electrons;  

a second MMA-SOFC comprising a second cathode, a second molten metal 

anode, and a second solid electrolyte disposed between the second cathode and the 

second molten metal anode;  25 

a fuel contactor in fluid communication with the first MMA-SOFC and the 

second MMA-SOFC;  

a molten metal conduit configured to deliver molten metal between the first 

molten metal anode, the second molten metal anode, and the fuel contactor; and  

one or more external electric circuits configured to generate power from the 30 

electrons produced in both the first MMA-SOFC and the second MMA-SOFC, wherein,  
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the fuel contactor comprises a regeneration region configured to reduce 

the metal oxides and produces metal sulfides in the molten metal upon reaction 

with sulfur-containing fuel and a sulfation region configured to produce metal 

sulfides from metals in molten metal delivered by the second molten metal 

anode, and  5 

the second molten metal anode is configured to oxidize metal sulfides in 

metal sulfides-containing molten metal to produce metals and electrons; and 

wherein a solid metal anode is disposed between the second molten metal anode 

and the second solid electrolyte.  

 10 

24.  The system of claim 23 wherein the molten metal conduit is configured 

to recycle metal sulfides produced in the sulfation region of the fuel contactor back to 

the second molten metal anode.  

 

25.  The system of claim 23 wherein the molten metal conduit is configured 15 

to recycle metals produced in the regeneration region of the fuel contactor back to the 

first molten metal anode.  

 

26.  The system of claim 23 wherein the sulfation region utilizes H2S to 

convert metal to metal sulfides and also produce H2. 20 

 

27.  The system of claim 23 further comprising a sacrificial reducing agent 

downstream of the second molten metal anode and configured to reduce the metal 

oxides to metal.  

 25 

28.  The system of claim 23 further comprising SO2 removal and treatment 

equipment downstream of the second molten metal anode.  

 

29.  The system of claim 23 further comprising a catalytic section of a Claus 

unit downstream of the second molten metal anode, the catalytic section of the Claus 30 

unit being configured to utilize SO2 byproduct to catalytically convert H2S to elemental 

sulfur.  
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30.  A method for co-generating electricity in two separate molten metal 

anode solid oxide fuel cells (MMA-SOFCs) comprising:  

producing metal oxides and electrons by oxidizing molten metal in a first molten 

metal anode of a first MMA-SOFC;  5 

producing metal and metal sulfides by reacting the molten metal and metal 

oxides with a sulfur-containing fuel;  

producing metals and electrons by oxidizing the metal sulfides in a second 

molten metal anode of a second MMA-SOFC; and  

co-generating electricity by collecting the electrons from the first MMA-SOFC 10 

and the second MMA-SOFC in an external electric circuit; and wherein a solid metal 

anode is disposed between the second molten metal anode and the second solid 

electrolyte.  

 

31.  A method for generating electricity from metal sulfide in an individual 15 

molten metal anode solid oxide fuel cell (MMA-SOFC) comprising:  

providing a MMA-SOFC comprising a cathode, a molten metal anode, a solid 

electrolyte disposed between the cathode and the molten metal anode, wherein the 

MMA-SOFC is in fluid communication with a fuel contactor;  

producing metal sulfides and H2 in a molten metal stream by reacting molten 20 

metal with a sulfur-containing fuel comprising only H2S, or one or more of H2S, sulfur, 

sulfones, sulfoxides or combinations thereof;  

producing metals and electrons by oxidizing the metal sulfides containing 

molten metal in the molten metal anode of the MMA-SOFC; and  

generating electricity by collecting the electrons from the MMA-SOFC in an 25 

external electric circuit; and wherein a solid metal anode is disposed between the molten 

metal anode and the solid electrolyte.  

 

32.  The method of claim 31 further comprising reducing metal oxide 

byproducts to metals by utilizing a sacrificial reducing agent downstream of the molten 30 

metal anode.  
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33. The method of claim 31 further comprising removing or treating SO2 

byproducts by utilizing SO2 removal and treatment equipment downstream of the 

molten metal anode.  

 

34.  The method of claim 31 further providing a catalytic section of a Claus 5 

unit downstream of the molten metal anode, wherein the catalytic section of the Claus 

unit utilizes SO2 byproduct to catalytically convert the H2S to elemental sulfur.  

 

35.  The method of claim 31 wherein the molten metal anode is connected to 

the fuel contactor via a molten metal conduit. 10 


