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METHOD AND APPARATUS FOR ENHANCING THE DESULFURIZATION
OF HOT OPAL GAS IN A FIUID-BED OPAL GASIFIER

Field of the Invention
The present invention relates to a method and apparatus for enhancing 

the desulfurization of hot coal gas in a fluid bed coal gasifier. More 
particularly, in-bed desulfurization is supplemented by means of a fluid 
bed of iron oxide located inside the gasifier above the gasification zone.

Background of the Invention

In the process of coal gasification, coal is converted to volatile, 
gaseous products which are useful as sources of energy. These gaseous 
products visually include significant amounts of sulfur compounds such as 

10 hydrogen sulfide. These sulfur compounds are pollutants and must be 
removed from the product gas in some manner.

A current approach to hot gas desulfurization in fluid-bed coal 

gasifiers for gas turbine and fuel cell application is to combine in-bed
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desulfurization using lime/limestone with an external desulfurization 

process employing a fixed bed of zinc ferrite or an equivalent sulfur 

adsorbing compound. Generally, up to about 80% of the coal sulfur is 

removed by the lime/limestone and most of the remaining sulfur is removed 
by the external zinc ferrite fixed bed. In this process, the gas exiting 
the gasifier is partially quenched from about 1600° to 1800 °F to about 
1000° to 1200°F. with water. This quenching ensures that the zinc ferrite 
sorbent remains stable and zinc vapor formation from the zinc ferrite bed 
is within acceptable limits.

The external desulfurization step employing a fixed bed of zinc 
ferrite is costly. Thus, there is a cost incentive to increase the amount 
of desulfurization accomplished within the gasifier. However, increased 
desulfurization within the gasifier cannot be accomplished by increasing 
the calcium to sulfur ratio within the gasifier bed because of chemical 
reaction equilibrium constraints. Thus, it is desirable to develop some 
other method for increasing desulfurization within the gasifier.

Summary of the Invention

The present invention relates to an improved gasifier and an improved 
gasification process employing the improved gasifier. More particularly, 

the present invention relates to fluid-bed gasifiers of the type which 

include an oxidation bed, a gasification bed above the oxidation bed, a 

means for feeding fossil fuel and lime or limestone to the gasification 
bed and a means for feeding steam and air to the gasification bed. In 

this type of fluid-bed gasifier, gasification of the fossil fuel in the



gasification bed forms gasification products which are removed from the 
top of the gasifier and calcium sulfide-containing ash which falls to the 

oxidation bed. The calcium sulfide ash is oxidized in the oxidation bed 

to calcium sulfate which is then removed along with the remaining ash from 
the bottom of the gasifier. The present invention provides a means for 
adding water to the gasification products above the gasification bed and 
an iron oxide bed above the means for adding water such that additional 
in-bed desulfurization can be accomplished in the gasifier by the iron 
oxide bed.

10 In the process of the present invention, the gasification products are
quenched as they rise above the gasification bed by the addition of 
water. Then, as the gasification products continue to rise in the 
gasifier, they encounter the iron oxide bed which adsorbs sulfur 
containing materials from the gasification products.

Accordingly, it is the primary object of the present invention to 
provide an improved gasifier which increases the amount of desulfurization 
of gasification products within the gasifier.

It is a further object of the present invention to reduce the cost of 
desulfurizing gasification products from fluid-bed gasifiers.

20 It is a still further object of the present invention to provide a
process which increases the amount of desulfurization of gasification 
products within a fluid-bed gasifier.

It is a still further object of the present invention to provide a 
process for desulfurizing gasification products of fluid-bed gasifiers at 
lower cost than present processes.
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These and other objects of the present invention will be apparent to 
one of ordinary skill in the art from the detailed description which 
follows.

Brief Description of the Drawing
The single figure shows a schematic representation of a fluid-bed 

gasifier in accordance with the preferred embodiment of the present 
invention.

Detailed Description of the Preferred Embodiment
A schematic of the process in accordance with the present invention is 

10 illustrated in the single figure. Coal is gasified in a fluid-bed
gasifier divided into three zones 1-3 defined by the broken lines in the 
figure. Each zone 1-3 consists of one or more fluid beds.

In typical operation coal F' and lime/limestone E' are fed to the 
middle zone 2 where gasification takes place in one or more fluid 
gasification beds 20 at temperatures of 1600-1800°F. Steam/air H' are 
also fed to the fluid gasification bed 20. The coal is gasified in the 

fluid gasification bed 20 and up to about 80% of the coal sulfur is 

adsorbed by the lime/limestone according to the reaction CaO + H2S = CaS 
+ H20. Residual ash and calcium sulfide from the gasification bed drop 

2 0 into a lower zone 3 where calcium sulfide is oxidized in one or more fluid
oxidation beds 30 to form calcium sulfate. Also, in the oxidation bed 30 
carbon in the ash is burned off. The remaining ash containing calcium 
sulfate is removed from the bottom of the gasifier as waste stream B.
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Above the gasification bed, in upper zone 1, is one or more fluid iron 
oxide beds 10 which remove additional sulfur from the products of gasifi­

cation over that amount of sulfur which was adsorbed by the lime/lime­

stone. Water is added into the gases rising from the gasification bed 20 
through water adding means D' to lower the tenperature of the hot gases to 
between 1000° and 1200°F. This lower tenperature and the resulting gas 
conposition ensure that the iron oxide bed 10 is in the form of magnetite, 
Fe304, and sulfur absorption takes place according to the reaction:

Fe304 + 3H2S + H2 = 3FeS + 4H20

10 Product gases which have been further desulfurized by the iron oxide
bed 10 rise above the iron oxide bed 10 and are removed from the gasifier 
as product stream A.

Iron oxide is added to the iron oxide bed 10 as stream C'. The iron 
sulfide formed by the sulfur adsorption drops into the gasification bed 20 

where it gives up its sulfur content to the lime/limestone and is 
subsequently oxidized to hematite, Fe203 in the oxidation bed 30 in 

the lower zone 3.
The preferred form of iron oxide to be used in the iron oxide 

fluid-bed is granular iron oxide since it is readily available and 
20 inexpensive. Some possible sources of granular iron oxide are iron and

steel industry wastes, power station fly ash wastes and aluminum industry 

wastes. In addition, iron oxide can be recovered from the gasifier ash 
for recycle to the iron oxide bed.
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One of the primary advantages of the iron oxide fluid-bed is that the 
iron oxide catalyzes the carbon monoxide shift reaction. This has the 

advantage that, in further sulfur removal by, for example, an external 

zinc ferrite desulfurizer, a tenperature rise resulting from the 

exothermic carbon monoxide shift reaction can be avoided. This provides 
additional assurance that zinc ferrite sorbent remains stable and that 
zinc vapor formation is within acceptable limits.

The use of an iron oxide fluid-bed provides several other significant 
benefits. For example, particulates in the gases from the gasification 

10 bed are removed in the iron oxide bed. This minimizes the amount of
filtration of product gases that is necessary as the gasification product 
gases leave the gasifier. Further, the gasification product gases leave 
the gasifier at between 1000° and 1200 °F. because of the quenching 
provided by the addition of water below the iron oxide bed. This 
temperature level permits easier filtration of the product gases and 
reduces the amount of scale formation on the filtration apparatus. Also, 

this tenperature level is compatible with gas turbines, molten carbonate 
fuel cells and zinc ferrite desulfurizers. As a result, the product gas 
can be directly fed to any of these devices without a further cooling 

20 step.

The iron oxide bed of the present invention enhances the amount of 

sulfur compounds removed from the product gas of fluid-bed gasification 

over the amount which is removed by lime/limestone alone. Additionally, 

the lime/limestone requirement of the gasifier is reduced by the provision 

of an iron oxide fluid-bed located within the gasifier above the 
gasification bed.
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The enhanced removal of sulfur ccarpounds within the gasifier lessens 

the cost of additional sulfur removal external to the gasifier. This is 

important since iron oxide desulfurization agent is widely available at 

low cost whereas other sulfur removing compounds such as zinc ferrite are 
relatively expensive.

The foregoing description of embodiments of the invention has been 
presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise forms 
disclosed, and many modifications and variations will be obvious to one of 

10 ordinary skill in the art in light of the above teachings. Accordingly,
the scope of the invention is to be defined by the claims appended hereto.
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ABSTRACT
A process and apparatus for providing additional desulfurization of 

the hot gas produced in a fluid-bed coal gasifier, within the gasifier.
A fluid-bed of iron oxide is located inside the gasifier above the 
gasification bed in a fluid-bed coal gasifier in which in-bed 
desulfurization by lirne/limestone takes place. The product gases leave 
the gasification bed typically at 1600 to 1800 F and are partially 
quenched with water to 1000 to 1200 F beiore entering the iron oxide 
bed. The iron oxide bed provides additional desulfurization beyond that 

10 provided by the lime/limestone.
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