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Combustion reactivity of ilmenite with coal volatiles under steam reforming atmosphere
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Chemical-looping combustion is one of the most promising technologies for generating electricity from coal
with high CO; capture. Apart from H,, CO, and CHa, coal volatiles usually contain various pollutants such as
condensable higher hydrocarbons (tar), carbon deposit, and sulfur gas. CO; capture and storage may be
negatively affected by these pollutants. Moreover, they can damage oxygen carriers and decrease their
reactivity, in addition to causing environmental and operational problems.

In this thesis, the combustion reactivity of ilmenite with the coal volatiles under steam reforming and
sulfur gas atmosphere was investigated in order to evaluate the behavior of sulfur impurities, higher
hydrocarbons (e.g., tar) and carbon depositions. A synthetic oxygen carrier of Fe,O3/Al,O; was used for
comparison. Steam reforming experiments of coal volatiles with oxygen carriers were carried out in a two-
stage fixed-bed reactor. It was found that the CO, conversion reactivity of ilmenite was greatly enhanced after
pre-oxidation, and there was no tar formation. The internal and external porosity of ilmenite also increased
after steam reforming of coal volatiles. [Imenite showed good performance under the various steam conditions,
so that carbon deposition decreased considerably as steam ratios increased. The reduced phase FeTiO; of
ilmenite was maintained with the addition of steam, and its reactivity was relatively stable compared with the
reduced phase FeAl>O4 of Fe,03/AL0s.

Sulfur contaminant in coal is an important issue that needs be handled carefully in the coal chemical-
looping combustion process. The effect of H>S on the combustion reactivity of ilmenite and Fe,O3/Al,O3 with
coal volatiles under a steam reforming environment was investigated in a two-stage fixed bed reactor.
Ilmenite’s combustion reactivity with carbon volatiles was greatly promoted in the presence of H,S, and more
CO; was obtained than without using H,S. However, the reactivity activation of ilmenite decreased with a
higher concentration of H»S due to the formation of sulfur deposits (e.g., Fe1.xS) on the reduced iron particles.
Furthermore, eight-cycle redox tests of ilmenite were performed with various concentrations of H,S. The
presence of H»S greatly enhanced the initial reaction rate of ilmenite. This could be due to that H>S promotes
the migration of more active iron species from the bulk structure of ilmenite to the external surface. While a
higher amount of H»S causes sulfidation on ilmenite, decreasing its combustion reactivity, all the sulfur

accumulation on ilmenite can be removed by oxidation.
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