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(57) ABSTRACT 

Systems and methods for converting fuel are provided 
Wherein the system comprises at least reactors con?gured to 
conduct oxidation-reduction reactions. The ?rst reactor com 
prises a plurality of ceramic composite particles, Wherein the 
ceramic composite particles comprises at least one metal 
oxide disposed on a support. The ?rst reactor is con?gured to 
reduce the least one metal oxide With a fuel to produce a 
reduced metal or a reduced metal oxide. The second reactor is 
con?gured to oxidiZe the reduced metal or reduced metal 
oxide to produce a metal oxide intermediate. The system may 
also comprise a third reactor con?gured to oxidiZe the metal 
oxide intermediate to regenerate the metal oxide of the 
ceramic composite particles. 
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SYSTEMS AND METHODS OF CONVERTING 
FUEL 

[0001] The present invention is generally directed to sys 
tems and methods of converting fuel, and is generally directed 
to oxidation-reduction reactor systems used in fuel conver 
sion. 
[0002] There is a constant need for clean and ef?cient 
energy generation systems. Most of the commercial pro 
cesses that generate energy carriers such as steam, hydrogen, 
synthesis gas (syngas), liquid fuels and/or electricity are 
based on fossil fuels. Furthermore, the dependence on fossil 
fuels is expected to continue in the foreseeable future due to 
the much loWer costs compared to reneWable sources. Cur 
rently, the conversion of carbonaceous fuels such as coal, 
natural gas, petroleum coke is usually conducted through a 
combustion or reforming process. HoWever, combustion of 
carbonaceous fuels, especially coal, is a carbon intensive 
process that emits large quantities of carbon dioxide to the 
environment. Sulfur and nitrogen compounds are also gener 
ated in this process due to the complex content in coal. 
[0003] Chemical reactions betWeen metal oxides and car 
bonaceous fuels, on the other hand, may provide a better Way 
to recover the energy stored in the fuels. Several processes are 
based on the reaction of metal oxide particles With carbon 
aceous fuels to produce useful energy carriers. For example, 
Ishida et al. US. Pat. No. 5,447,024 describes processes 
Wherein nickel oxide particles are used to convert natural gas 
through a chemical looping process into heat, Which may be 
used in a turbine. HoWever, recyclability of pure metal oxides 
is poor and constitutes an impediment for its use in commer 
cial and industrial processes. Moreover, this technology has 
limited applicability, because it can only convert natural gas, 
Which is more costly than other fossil fuels. Another Well 
knoWn process is a steam-iron process, Wherein coal derived 
producer gas is reacted With iron oxide particles in a ?uidized 
bed reactor to be later regenerated With steam to produce 
hydrogen gas. This process hoWever suffers from poor gas 
conversion rates due to improper contact betWeen reacting 
solids and gases, and is incapable of producing a hydrogen 
rich stream. 

[0004] As demands increase for cleaner and more ef?cient 
systems of converting fuel, the need arises for improved sys 
tems, and system components therein, Which Will convert fuel 
effectively, While reducing pollutants. 
[0005] In one embodiment of the present invention, a sys 
tem for converting fuel is provided. The system comprises a 
?rst reactor comprising a plurality of ceramic composite par 
ticles, Wherein the ceramic composite particles comprise at 
least one metal oxide disposed on a support. The ?rst reactor 
is con?gured to reduce at least one metal oxide With a fuel to 
produce a reduced metal or a reduced metal oxide. The system 
also comprises a second reactor con?gured to oxidiZe the 
reduced metal or reduced metal oxide to produce a metal 
oxide intermediate, and a third reactor con?gured to regen 
erate at least one metal oxide by oxidiZing the metal oxide 
intermediate. 
[0006] In another embodiment of the present invention, a 
method of converting fuel to hydrogen, CO, or syngas is 
provided. The method comprises the steps of: reducing a 
metal oxide in a reduction reaction betWeen a fuel and a metal 
oxide to a reduced metal or a reduced metal oxide; oxidiZing 
the reduced metal or reduced metal oxide With an oxidant to 
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a metal oxide intermediate, While also producing hydrogen, 
CO, or syngas; and regenerating the at least one metal oxide 
by oxidiZing the metal oxide intermediate. 
[0007] In yet another embodiment, a system comprising a 
Fischer-Tropsch reactor is provided. The Fischer-Tropsch 
reactor is con?gured to produce hydrocarbon fuel from a feed 
mixture comprising gaseous fuel. The system also comprises 
a ?rst reactor comprising a plurality of ceramic composite 
particles, Wherein the ceramic composite particles comprise 
at least one metal oxide disposed on a support. The ?rst 
reactor is con?gured to reduce the metal oxides With a gas 
eous fuel to a reduced metal or a reduced metal oxide, Wherein 
the gaseous fuel comprises at least partially the hydrocarbon 
fuel produced by the Fischer-Tropsch reactor. The system 
also comprises a second reactor con?gured to oxidiZe the 
reduced metal or reduced metal oxide With steam to produce 
metal oxide intermediates. 
[0008] In another embodiment, a method of preparing 
ceramic composite particles is provided. The method com 
prises reacting a metal oxide With a support material; heat 
treating the mixture of metal oxide and support material at 
temperatures of betWeen about 200 to about 15000 C. to 
produce ceramic composite poWders; converting the ceramic 
composite poWders into ceramic composite particles; and 
reducing and oxidiZing the ceramic composite particles prior 
to use in a reactor. 

[0009] Additional features and advantages provided by 
embodiments of the present invention Will be more fully 
understood in vieW of the folloWing detailed description. 
[0010] The folloWing detailed description of the illustrative 
embodiments of the present invention can be best understood 
When read in conjunction With the folloWing drawings, Where 
like structure is indicated With like reference numerals and in 
Which: 
[0011] FIG. 1 is a schematic illustration of a system for 
producing hydrogen from coal according to one or more 
embodiments of the present invention. 
[0012] FIG. 2 is a schematic illustration of another system 
for producing hydrogen from coal according to one or more 
embodiments of the present invention; 
[0013] FIG. 3 is a schematic illustration of another system 
for producing hydrogen from coal using direct chemical loop 
ing and sieves for ash separation according to one or more 
embodiments of the present invention; 
[0014] FIG. 4 is a schematic illustration of another system 
for producing hydrogen from coal using direct chemical loop 
ing and cyclones for ash separation according to one or more 
embodiments of the present invention; 
[0015] FIG. 5 is a schematic illustration of another system 
for producing hydrogen from coal, Wherein the system uti 
liZes a third reactor for heat recovery according to one or more 

embodiments of the present invention; 
[0016] FIG. 6 is a schematic illustration of another system 
for producing hydrogen from coal, Wherein the system uti 
liZes a sorbent in the ?rst reactor for sulfur removal according 
to one or more embodiments of the present invention; 
[0017] FIG. 7 is a schematic illustration of system for pro 
ducing hydrogen from syngas according to one or more 
embodiments of the present invention; 
[0018] FIG. 8 is a schematic illustration of another system 
for producing hydrogen from coal, Wherein carbon dioxide 
produced in the ?rst reactor is recycled back to the second 
reactor according to one or more embodiments of the present 

invention; 


















