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HIGH TEMPERATURE SULFUR REMOVAL SYSTEM DEVELOPMENT
FOR THE WESTINGHOUSE FLUIDIZED BED COAL GASIFICATION PROCESS

D. L. Keairns, R. A. Newby, E. P. 0'Neill, D. H. Archer
Westinghouse Research Laboratories
Pittsburgh, Pennsylvania 15235

ABSTRACT

High temperature sulfur removal can be achieved with calcium
based sorbents (e.g. dolomite) in fluidized bed coal gasification systems
now being developed for power generation. The use of dolomite offers
the opportunity to meet environmental emission standérds, to minimize
energy losses, and to reduce electrical energy costs.

In addition to achieving the removal of sulfur from the low
Btu gas, the complete sulfur removal system must be integrated with the
total power plant and environment to assure compatibility. Critical
requirements to achieve a commercial system include establishing criteria
for "acceptable" sorbents, establishing integrated sulfur removal/
gasification process design parameters, predicting trace element release,
predicting sorbent attrition, developing an economic regeneration and/or
once-through process option, developing a spent sorbent processing system,
and establishing safe and reliable disposition options for spent sorbent.
Design and operating parameters are being developed and potential process

limitations identified.

This work is being performed as part of the Westinghouse Coal Gasification

Program. The project is being carried out by a six-member industry/government

partnership comprising ERDA, Public Service of Indiana, Bechtel, AMAX Coal

Co., Peabody Coal Co. and Westinghouse, This work has been funded with federal
funds from the Energy Research and Development Administration under contract
E(49-18)-1514, The content of this publication does not necessarily reflect

the views or policies of the funding agency.
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INTRODUCTION

The production of a low Btu fuel gas from coal for combined
cycle electric power generation provides the potential for improved
thermal efficiency and reduced power costs compared with conventional
power plants with flue gas desulfurization and can provide acceptable
environmental impact. The ability to produce the low Btu gas at elevated
pressure (e.g. 1500 kPa) with removal of sulfur and particulates from
the high temperature gas (e.g. 800-900°C) will enable the maximum thermal
efficiency to be achieved. Calcium-based sorbents, such as limestone

and dolomite, have been proposed for the high temperature sulfur removal.

Westinghouse has been working on the development of a multi-
stage fluidized bed gasification process for combined cycle power
generation since 1970.(1’2) The goal of the program is the integration
and operation of a gasifier/power-generating plant on a scale
which will demonstrate the commercial operation of the process. An
integrated program is underway to proceed from bench-scale laboratory
research through pilot scale development and system design and evaluation
to the operation of a demonstration plant. The pilot development 1s now

being carried out in a 15 ton/day process development unit.

Westinghouse is investigating gas cleaning systems for high
temperature operation (800-900°C), intermediate temperature operation
(e.g. 650°C), and low temperature operation. Work has been carried out
on both sulfur removal and particulate control systems. This document
is limited to an overview of the high temperature sulfur removal system
development work on calcium-based sorbents. This system was selected
for the base concept based on the potential for high system efficiency
and the high kinetic efficiency of removing hydrogen sulfide under the
proposed operating conditions with an economically available sorbent.
Alternate systems, such as the use of iron oxide or low temperature
processes, have not been excluded as candidates for the demonstration
plant and are also being studied. An intermediate temperature process
is attractive in that it reduces the materials problems while maintaining

a relatively high plant efficiency.
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The approach to the development of the calcium-based sulfur
removal system includes laboratory experimental programs utilizing
pressurized thermogravimetric analysis, pressurized fluidized bed
reactors, and physical and chemical characterization to develop basic
data and to develop screening techniques; data analysis to develop design
criteria; systems analyses to assess the teéhnical,economic, and
environmental impact of alfernate sulfur removal system concepts and

to assess the impact of these alternatives on the total power plant.

SULFUR REMOVAL SYSTEM

The basic gasification process utilizing the high temperature
calcium-based sorbent system is illustrated in Figure 1. The gasifi-
cation process has been described.(l’z) The sulfur removal process
options are indicated in Figure 1: in-bed desulfurization and external
desulfurization. 1In situ desulfurizatiﬁn of the fuel gas within the
recirculating bed devolatilizer combines the sulfur removal and coal
devolatilization in a single vessel. This approach requires compatible
coal and sorbent behavior and the ability to separate sorbent and char.
The external desulfurizer requires a separate vessel and associated
components but provides greater flexibility. Both systems are being
assessed through process simulations, PDU operation, and engineering
analyses.

Two basic sulfur removal systems have been identified and
investigated: once-through sorbent operation and regenerative operation.
The reference onée—through system and regenerative system concepts are
illystrated in Figure 1. An alternate once~through system concept is
also indicated which has been considered. A number of spent sorbent
processing and regeneration processes have been investigated. Similarly,
a number of disposal and utilization options are available. These
process alternatives will be discussed in the following sections. Other
options such as pretreatment of the sorbent to improve its attrition
behavior or sulfur capacity and the addition of "'getters'" to remove

alkali metals to prevent gas turbine corrosion are also being considered.
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SULFUR REMOVAL

Laboratory and engineering studies are being carried out to
evaluate two areas critical to sulfur removal: sulfur removal process
options and sorbent selection. These efforts parallel development work

planned for the process development unit related to these areas.

Process Options

The technical and environmental performance and economic
aspects of sulfur removal process options are being evaluated in order
to provide a basis for selection and to ‘define process development
requirements. Two major options have been identified: once-through
sorbent operation versus regenerative sorbent operation and in situ

(devolatilizer) desulfurization versus external dessulfurization.

Both once-through sorbent and regenerative sorbent
desulfurization behavior are being developed. The PDU is currently
designed for once-through scrbent operation. Trade-offs between once-
through and regenerative sulfur removal exist with factors such as
sorbent consumption, sorbent attrition, trace element release, and

system complexity and operability being important considerations.
Sorbent Selection

Both limestone (CaC03) and dolomite (MgCa(C03)2) can be used
as sulfur sorbents under full gasification conditions at high fuel
temperatures, but laboratory studies show that there are several

factors which restrict their use under specific design conditions,

" and which impact on both the desulfurization process, and the overall

power generation plant.

Limestone reacts with hydrogen sulfide only when it has

(3)

calcined, a kinetic rather than a thermodynamic restriction. For

atmospheric pressure applications, calcined limestone should achieve

90% desulfurization of fuel gases at calcium to sulfur molar feed

(4 Recent fixed-bed tests by the Bureau of Mines

(5)

ratios of ~1.8/1.
confirm this projection, However for desulfurizing low Btu gas
at pressure, calcium carbonate is the stable form of the reacting

(6)

sorbent, and limestone is inactive.
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For dolomite, at Ca/S feed ratios of < 1,2/1.0, projections from
laboratory data show that almost complete reaction of the calcium content
may be attained while fixing 90% of the fuel sulfur in solid form, for
particle sizes up to 2000 microns.(7) For larger particle sizes reaction is
apparently limited by diffusion of reactant into the solid. No significant
variation was noted in testing dolomites ranging from the relatively pure
massive-grained Canazn dolomite (Connecticut), through the sucrose-type
dolomites (Glasshouse, Ohio), to the impure Tymochtee dolomite
(Ohiob.(ZC) Fluidized-bed tests by Conoco Coal Development Co.*
have demonstrated the excellent sulfur capture abilities of dolomite
with simulated fuel gases.(s) The Bureau of Mines tests showed that
half-calcined dolomite demonstrated improved sulfur removal at 1500°F
over that noted at 1400°F.(5) However when they increased the
desulfurizing temperature to 1600°F, they noted a drastic loss of
desulfurizing action as the dolomite decomposed to the fully-calcined
state. While this test has not been simulated in laboratory tests,
precalcined dolomites have shown similar sulfidation reaction rates to
those noted with half-calcined dolomite. Further tests are evidently

required to explore this discrepancy.

The major limitations on using dolomites arise from trace-
element emissions, attrition rates, and sultability for processing by

direct air oxidation for disposal.

One of the major concerns in operating a gas turbine with the
low Btu gas is the extent to which corrosion and erosion will limit the
lifetime of the metal alloys used in the blades and stators.(zc) The
alkali metals, particularly sodium, induce hot corrosion (accelerated
oxidation or sulfidation attack of the metal) by depositing oxygen-
excluding liquid films of sulfates on the metals. Dolomites contain
sodium and potassium as impurities, and they are found both as clay
mineral components, and as more volatile compounds - probably chlorides,
in the carbonate rock. The range of these impurities in dolemites is

enormous, e.g. Na (5-330 ppm), and K(5-6,500 ppm).(zc) Recent studies

Conoco Coal Development Co. and Consolidation Coal Co. are used in this

paper. Consolidation Coal Co. is used when work was performed under that
organizational name.
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of the release of alkalis from dolomites into fuel gas have demon-
strated that significant fr;ations of the alkali can enter the gas
stream, and that this release is essentially complete within a short
fraction of the expected sorbent residence times.(zc) The resulting
alkali level in the turbine feed gas is substantially in excess of
that permitted by current empirical specifications for oil-fired
turbines (-10 ppb Na). There are several approaches which may be taken
to avoid this problem. First of all, a low-alkaldi dolomite may be
chosen as sulfur sorbent. This is likely to be the result of an
unusually fortuitous selection of power plant site. Although the
available analysis of dolomites show significant variations in alkali
content within a particular geological stratum from quarry to quarry
and from stratum to stratum within a quarry, the majority of the
analyses are of sufficient vintage to be suspect. However we have
noted a consistant increase in alkali content with increasing quarry
depth, so that material quarried at a depth of 100 ft may contain

one order of magnitude more alkali than that quarried near the

(&)

surface.

An alternative to selecting a "clean' dolomite, 1s to
pre-heat the material to release the alkalis before using the stone
as a sulfur sorbent. The bulk of the alkalil release occurs within
20 minutes of heating the stone to ~870°C, and after this initial
release the rate of alkali loss is extremely low. The third possi-
bility is to add materials such as aluminosilicates to the sorbent
bed, or at a particulate filtration stage to getter the alkalis.

It should be emphasized that several critical questions cannot be
satisfactorily answered without further research. The extent to

which chlorine from the coal may strip alkalis from dolomite and

coal char must be investigated. In addition the turbine tolerance

to the combined presence of sodium and potassium requires further
experimental and theoretical investigation.(zc) The chemical fate

of minor elements such as the alkalis in coal gasification is not well

known: Recent studies at the Bureau of Mines show considerable
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release of chlorine to the gas phase - presumably as HCl.(zc) However

the mass balance for alkalis in the input and output solids was not
suf ficiently precise to estimate the levels of alkali in the
gas phase.

It should also be noted that the turbine tolerance to alkalis
is theoretically a function of total chlorine (as HCl) levels in the gas
phase. The combination of high chlorine and high alkali levels may avoid
corrosive sulfate deposits. This apparent advantage will be limited by

direct gaseous attack of the protective oxide scales on the turbine alloys.

SORBENT REGENERATION

The consumption of sorbent by the power plant sulfur removal
system may be minimized by utilizing a processing step to reéenerate
the utilized sorbent to an active form. Ideally the sorbent would be
entirely reconstituted by the regeneration process, but in reality
fresh sorbent will be required due to deactivation of the regenerated
sorbent and attrition losses. Regeneration of the sulfided sorbent
requires that the captured sulfur be converted to some other form,
preferably elemental sulfur of commercial quality. The purge stream
of spent sorbent must be processed to some environmentally acceptable
or useful form. This combination of functions, sorbent regeneration-
sulfur recovery-spent sorbent processing, must result in an integrated
process which 1s compatible with the coal gasification process and is

economically and environmentally acceptable.

Regeneration Process Optiomns

A variety of potential regeneration process concepts have
been evaluated for technical feasibility. Two concepts have been
selected for further engineering assessment: (1) Sorbent regeneration
by reaction of sulfided sorbent with steam and carbon dioxide to
generate carbonated sorbent and a hydrogen sulfide gas stream;

(2) sorbent regeneration by reaction of sulfided sorbent with oxygen
to generate the oxide form of the sorbent and a sulfur dioxide gas

stream. The chemical reactions are written, respectively.

CaS + H)0 + CO) =CaC0, + H)S (€8]
and
CaS + 3/2 0,2=Ca0 = SO, 2)

Steam and CO2 Regeneration Scheme

A schematic flow diagram for the sorbent regeneration system
based on the steam and CO2 regeneration reaction is shown in Figure 2.

This process is also being evaluated by Consolidation Coal.(s)
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Three major components are involved in the sorbent regeneration
system: the regenerator reaction vessel, the sulfur recovery process
and the CO2 recovery process. A number of commercial processes are
available for sulfur recovery from HZS gas streams. The specific
process selection will depend largely on two factors - the level of H,S

2

in the regenerator gas and the optimum scheme for steam and CO2 utili-

zation. An HZS volume percent of about 157 will permit the application

of conventional Claus process technology. Lower HZS concentrations

will require either preliminary concentrating of the st—gas, followed

by Claus sulfur recovery, concentrating and recycle of the Claus plant
tail-gas, or application of alternate sulfur recovery processes suitable
for low HZS concentrations such as the Stretford process (Ralph M. Parsons

Co. and Union 0il Co. of Califormnia).

Make-up CO, for the regeneration reaction can be supplied by

power plant stack gai purification. A portion of the sulfur recovery
tail-gas may also require purification in order to maintain low levels
of impurities (NZ’ 02, etc.) in the COZ/steam reactant stream. Numerous
commercial processes are available for CO2 recovery - Selexol, Benfield,
Catacarb, Sulfinol, and many others. The economics and environmental
performance of each of these processes will differ for this application

and require evaluation.

The single most important factor influencing the economics
and performance of this regenerative scheme is the regenerator gas HZS
concentration. The size of the regenerator reaction vessel, the size and
complexity of the sulfur recovery process, and the rate of steam
consumption and auxiliary power usage all increase as the H,S concen-

2

tration is reduced. Estimates of the HZS concentration based on

reaction kinetics and thermodynamics are about 3-5 volume Z%.

Other factors such as regenerated sorbent activity, the
required rate of sorbent circulation, the effect of the regeneration
process on the power plant availability, etc., are also important to

the process feasibility.
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Oxygen Regeneration Scheme

A schematic flow diagram of the sorbent regeneration system
based on the oxygen regeneration reaction is shown in Figure 3. An
atmospheric pressure version of this process has been applied by

Esso (U.K.) for their CAFB gasification process.(lo)

This regeneration process is conceptually simpler than the
steam/CO2 regeneration process since only two major process components
are involved: the regenerator reaction vessel and the sulfur recovery
process. On the other hand, the oxygen regeneration process is
necessarily a higher temperature regeneration scheme with the potential
for greater sorbent deactivation. The regenerator could be operated
at pressures of 200 to 1000 kPa (2 to 10 atmospheres) and temperatures
of 1000 to 1100°C with 502 volume percents of 2 to &4 expected for the
high pressure system and up to 10% for the low pressure system.

Sulfur recovery from dilute 502 streams 1s generally more
expensive and complex than from dilute HZS streams. The most highly
commercialized sulfur recovery process for this application 1is the
Allied Chemical direct reduction process (using methane or clean

liquid fuels as reductant) which will work effectively on SO2 streams

down to about 4 volume % SO
an

2 depending upon the oxygen content of

For lower SO2 concentrations a commercial concentrating

step such as the Wellman-Lord process must be used. Other sulfur

the gas.

recovery processes applicable to 502 streams which are in early stages
of commercialization are the Foster Wheeler RESOX process (which uses

coal as the SO, reductant), the ASARCO-Phelps Dodge process, the

2
Bureau of Mines Citrate process, the Westvaco activated carbon process,

and the Stauffer Aquaclaus process. -

While the low pressure oxygen regeneration results in a

much greater SO, concentration in the regenerator gas, the technological

2
and reliability problems involved in circulating the hot sorbent
between vessels with greatly different operating pressures may not be

easily overcome. Again, as in the steam/CO2 regeneration process,
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the concentration of the sulfur-bearing species in the regenerator
gas has a dominant influence on the economics and performance of the
regeneration system. Increased operating temperatures will provide
greater 802 concentrations (thermodynamically) but may increase

sorbent deactivation.

The overall economics, technical performance and environ-~
mental impact of these two sorbent regeneration concepts must be
evaluated in order to determine the feasibility of sorbent regeneration,
in order to select the most promising regeneration scheme and in
order to identify the optimum components to be utilized in the
regeneration scheme. The critical interfaces between the coal
gasification system, the power generation system, the spent sorbent
processing system and the sorbent regeneration system are being

considered in the evaluationm.

Regeneration Chemistry

(12)

It was noted by Mellor that the equilibrium

CaS + HZO + COZ:_f:CaCO3 + HZS cannot be used to reform calcium
carbonate, because of the low concentration of hydrogen sulfide
produced. This problem may be overcome by carrying out the reaction
at pressure.(la) However the early work by Pell(la) showed that
calcium sulfide is rapidly deactivated, and TG studies show that only
20% of the calcium sulfide is readily converted to calcium carbonate

(b)

after 10 cycles of sulfidation/regeneration, at 704°C.

An encouraging feature is that the rate of sulfidation
decreases very slowly as the stone is recycled and the regenerated

(6)

sorbent is almost as reactive as fresh stone.

The initial rate of regeneration is very fast and is
apparently limited by production of the equilibrium level of hydrogen
sulfide, since the initial rate increases on dropping the temperature
from 700°C to 650°C. However, when the regeneration has proceeded to

a certain stage (50% after 2 cycles, or 20% after 10 cycles), the rate
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falls off by more than one order of magnitude. At this stage the
rate can be increased by increasing the reaction temperature, so that
at B870°C, all the sulfide is readily regenerated. However, the
equilibrium concentration of HZS becomes so unfavorable that this is

not a technically feasible solution.

The- deactivation of calcium sulfide thus becomes a chemically
limiting step in regeneration. An additional clue to the mechanism of
deactivation is given by the fact that when calcium sulfide is prepared
by reduction of calcium sulfate, at 820 or 850°C, for 2 hours, only

a5 This increased

26% of the calcium sulfide is regenerable.
deactivation may be partly due to the longer residence time at higher
temperatures than is customary in sulfidation reactions, since

sulfidation takes about 15 minutes. Recent studies by Sun(l6)

have
shown that longer exposure at high temperatures (871°C) during
sulfidation, reduces the extent of regeneration, as does increasing the
temperature of sulfidation to 950°C, while lowering the sulfidation
temperature to 750°C increases the extent of regeneration. The
deactivation of the calcium sulfide is always accompanied by some
growth of calcium sulfide particle size, and by extensive growth of
magnesium oxide crystallites in proximity to the calcium sulfide as

determined by X-ray diffraction line-widths.

It can be concluded that a continuous regeneration system
must operate with a low sulfur differential between the calcium
sulfide content of the desulfurizer and regenerator exit streams.

; 17 .
Squlres( ) has demonstrated that the extent of regeneration

improves dramatically with partial pressures of steam of 15 atmospheres,

and that 50% of the calcium sulfide is5 regenerable. While his sulfidation

reaction conditions (700°C) may not have been severe enough to cause
growth of the magnesium oxide around the calcium containing crystallites,
the improved diffusivity of the reactant gases through the solid

caused by ralsing the HZO/CO2 ratio may significantly improve the

extent of regeneration before the reaction rate dwindles. Pell's
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experiments carried out at a 1/1 ratio at 15 atm indicate little if

any improvement over the TG value for extent of regeneration. The
average extent of regeneration for 20 cycles is v13%, so that each mole
of calcium will remove 2.7 moles of sulfur via the regenerator, -and one

mole of sulfur via the spent sorbent stream.

The calcium to sulfur molar make-up feed rate required is
therefore 0.25/1 unless attrition losses are preater than 5% of the
total calcium per cycle, in which case reducing the attrition loss
becomes more important than improving the regenerability of the stone.

Consolidation Coal Co.(s)

have reported attrition loss rates of less
than.1% per cycle; however it is not known if such performance can be

projected to large scale units.

SPENT SORBENT DISPOSITION

The once—thrbugh and regenerative process options will produce
a dry, partially utilized dolomite or limestone with particles up to
6 mm in size. In addition, fine particles of sorbent (with some ash
and char) will be collected in the gas particulate collection systems.
The composition of the sorbent for disposition will depend on the
characteristics of the original stone, the coal feed, the selection
of the sorbent processing system, and the process operating conditions.
The major compounds in the waste stone from the desulfurizer or
regenerator utilizing dolomite are calcium carbonate (CaCOB), magnesium
oxide (MgO), and calcium sulfide (CaS). Trace elements from the

sorbent and coal will also be present.

Direct disposal or utilization of this material is not
considered to be an.option which will be generally available. Thus,
processing of the spent sorbent has been incorporated in the sulfur
removal system. The ultimate selection and development of a spent
sorbent processing scheme will depend on many factors related to
the development of the desulfurization system and the regeneration
system. These factors will determine the nature of the spent sorbent
and the processing required for the spent sorbent processing system.
Among the factors that will affect the disposition of the sorbent are
the quantity of spent sorbent, its chemical characteristics,
regulations, geographical location, and the market size in the case of

utilization.

Processing

A variety of spent sorbent processing schemes have been
identified which could potentially convert the spent sorbent produced

in a once-through or regenerative operation into a material suitable
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(4,19)

for direct disposal or utilization. Processing alternatives have

been developed to convert calcium-based sorbents containing calcium

sulfide to environmentally acceptable forms for disposal or utilization.

Work by Westinghouse on the CAFB fluidized bed gasification/
desulfurization process, under contract to EPA, has identified spent

(4)

sorbent processing options. Experimental programs are now being
carried out as an extenslon of this work to permit technical and
economic assessments of these processes. These tests will provide
information directly applicable to the subject coal gasification/
desulfurization process. Spent sorbent processing systems being
considered include dry oxidation, oxidation plus carbonation,
deadburning, slurry carbonation, dry sulfation, high temperature

processing with coal ash, and low temperature processing with coal ash.

A dry oxidation process which converts the spent sorbent
(calcium sulfide) from a once-through or regenerative operation into a
calcium sulfate material has been selected as the base spent sorbent
processing scheme. Experimental studies and process studles for the
dry oxidation process are being performed as part of the current

program.

Thermogravimetric studies of the direct oxidation of calcium
sulfide to calcium sulfate have revealed some important features of

the reaction which must be considered in process evaluation.

First, in most dolomitic stones, complete oxidation of the

sulfided stone occurs rapidly in air at 800°C, while sulfided limestones

containing more than 30 molar 7% CaS and the sulfides of large-grained

dolomites are oxidized incompletely,

Secondly, the reaction is extremely exothermic,
AH298= -912 kJ mole_l, and if the temperature of the reacting solid

1s permitted to rise to higher temperatures, sulfur dioxide will be
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emitted by one of two mechanisms. 1In the first mechanism direct
oxidation to the oxide may occur: CaS + 3/2 Of—PCaO + 502. However
if low partial pressures of oxygen are developed in the system as a
result of the primary reaction, then calcium sulfide and calcium sulfate
interact to reject sulfur dioxide according to the reaction

3 CaSO4 + CaS—e4 Ca0 + 4 502.
By carrying out the oxidation reaction in a fluidized bed reactor at
800°C in excess air, both of these competing reactions may be avoided.
In thermogravimetric tests at 800°C, sulfur dioxide transients in the
exit gas stream were accompanied by temperature excesses. Typically
32 moles of cold air per mole of calcium are required for heat
balance in a system operating at a 2/1 calcium to sulfur mole ratio
in the desulfurizer., Because of the large excess of air entering the
system, >3X stoichiometric, the particles should oxidize at much the
same rate as they do in the TG apparatus; stone residence times greater

than 30 minutes are projected to ensure that oxidation is almost

complete (>90%).

The third feature of this reaction is that regenerated
stone which has experienced multiple sulfidation/regeneration cycles
is not completely oxidizable. A function of the calcium sulfide
which is inert in the regeneration reaction is also inert in the

oxidation reaction.

Based on the information available, the dry oxidation
process is considered attractive for once-through operation with
most dolomites. This process does not appear as attractive for
once-through operation with limestones or for regenerative operation.
The primary concern is the environmental impact from sorbent disposal.
Further work is required to permit a comprehensive assessment of
dry oxidation. Work is proceeding to investigate other processing

options.
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Disposal

The environmental impact of any disposed material is a
function of its physical and chemical properties and the quantity
involved. Two disposal alternatives will be investigated: 1land and
ocean dumping. Environmental impact tests are plamnned to study the
direct disposal of material from the spent sorbent processing system.
These tests will be carried out using material produced in laboratory
units to investigate the affect of operating conditions and in the
process development unit to determiue the environmental impact from

material produced in the integrated process.

Westinghouse has carried out environmental impact tests on
related materials as part of the CAFB fluidized bed gasification and
the fluidized bed combustion programs being carried out under
contract to EPA.(4’18;19’20) Leaching and activity tests have been
developed at Westinghouse to assess the potential water contamination
and heat release from disposing a spent bed limestone directly ffom a
gasification process and from the spent limestone after further
processing. These studies indicate the leachability and activity
can be significantly reduced by further processing. Spent dolomite
from fluidizéd bed combustion processes has also been tested(ls)
which indicates that if the calcium sulfide in the dolomite can be
converted to calcium sulfate through the dry oxidation process, the
material will be environmentally acceptable.

Utilization\

The direct disposal of sorbent may not be possible or
permitted in all cases. Utilization of spent sorbent is an alternative
which has the potential to provide technically and economically
attractive by-product. Potential applications of processed or
unprocessed spent sorbent include soil stabilization, land fill,
concrete, refractory brick, gypsum, municipal waste treatment.

Preliminary work has been carried out in this area.(4’20’21)

108




ASSESSMENT

High temperature sulfur removal with a fluidized bed coal
gasification system appears attractive based on available information.
A number of processing options are being developed which consider
integration of the sulfur removal system with a low Btu gasification -
combined cycle power plant and consider the total sulfur removal system
from sorbent selection to sorbent disposition, Assessment of the sulfur

removal system includes:

Sulfur Removal: Dolomites are the preferred sorbent for the
Westinghouse coal gasification process. Sulfur removal efficiencies
of 90% are projected with mean particle sizes between 1000 and 2000 u
and a calcium to sulfur molar ratio of 1.2/1.0 for a once-through systen.
Combined devolatilization/desulfurization is considered attractive but
compatibility must be demonstrated, The external desulfurizer option
offers an alternative with greater flexibility. There appear to be

ample supplies of dolomite available,

Sorbent Regeneration: Two regeneration concepts have been

selected for further study. Regeneration by carbon dioxide and st%gm
is technically feasible and is the preferred option. Calcium to sulfur
molar feed make-up is projected to be 0.25/1 based on attrition losses
< 5% of the sorbent per cycle. Commercial technology is available for
sulfur recovery from dilute HZS or 502 gas streams and for CO2 recovery.
Advanced systems, which may reduce costs, are not being incorporated

into the current development effort.

Spent Sorbent Disposition: In general, spent sorbent processing

will be required for once-through or regenerative operation due to the
calcium sulfide present in the sorbent. Alternate processing schemes

are under investigation to permit disposal or utilization of the material.
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A dry oxidation process is attractive for once-through operation with

most dolomites, Preliminary oxidation tests and environmental impact

tests indicate this processing option will be economic and environmentally
acceptable., Preliminary tests on related materials indicates utilization

of the spent sorbent may be practical.

Sorbent Selection: General factors to be considered in the
selection of a sorbent are the desulfurization perfotmange, the sorbent
regenerability, the spent sorbent properties, sorbent attrition behavior
and trace metals release behavior. Sodium, potassium, and chlorine
release is of particular importance to control gas turbine corrosion.
Trace metals release to the fuel gas may be controlled by selecting a
"pure" sorbent, pretreating the sorbent or utilizing a getter in the
fuel gas cleaning system. Avallable data indicate the trace elements
can be controlled to meet turbine protection requirements. Further

work is required to specify the preferred method of operation.

A once-through sulfur removal system utilizing dolomite with
a dry oxidation spent sorbent processing system has been selected for
the reference design. Further development evaluation of the technical
performance, economics, and environmental impact of the alternative
sulfur removal systems under consideration must be carried out to select
the most promising system. The integration of the alternative processing
schemes into an optimum high temperature sulfur removal system which 1is

compatible with the coal gasification power plant is the object of the
development effort,

110




REFERENCES

Archer, D. K., E. J. vidt, D. L. Keairns, J. P. Morris, J. L. P Chan,
"Coal Gasification for Clean Power Generation," Proceedings Third
International Conference on Fluidized Bed Combustion, November 1972
(NTIS Number PB-231 977).
"Advanced Coallcasification System for Electric Power Generation,"
Westinghouse Electric Corp., Contract reports to ERDA/FE:

a) Interim Report No. 1, NTIS No. PB~236 971;

b) 1Interim Report No. 2, NTIS No. FE-1514-T-4;

¢) Interim Report No. 3
O'Neill, E. P., D. L. Keairns, and W. F. Kittle, "Kinetic Studies
Related to the Use of Limestone and Dolomite as Sulfur Removal
Agents on Fuel Processing," Proceedings Third International
Conference on Fluidized Bed Combustion, November 1972,
NTIS No. PB-231 977
Keairns, D. L., R. A. Newby, E. J. vidt, E. P. 0'Neill,
C. H. Peterson, C. C. Sun, C. D. Buscaglia, and D. H. Archer,
"Fluidized Bed Combustion Process Evaluation - Residual 0il
Gasification/Desulfurization Demonstration at Atmospheric
Pressure,”" two volume contract report to EPA, March 1975,
EPA report number EPA-650/2-75-027 a and b, NTIS No. PB-241 834
and PB-241 835.
Abel, W. T., and E. P. Fisher, "Limestone to Reduce Hydrogen Sulfide
from Hot Produced Gas." U.§:E.R.D.A., MERC/RI-75/3, January 1976,
Keairns, D. L., E. P. 0'Neill and D. H. Archer, "Sulfur Emission
Control with Limestone and Dolomite in Advanced Fossil Fuel
Processing," Symposium Proceedings - Environmental Aspects of
Fuel Conversion Technology, EPA-650/2-74-118, October 1974.
0'Neill, E. P. and D. L. Keairns, "Selection of Calcium~Based
Sorbents for High-Temperature Fossil Fuel Desulfurization,"”
Paper presented at the 80th National A.I. Ch. E. Meeting,
Boston, September 1975, to be published in AIChE Symposium

Series Volume.

111




10.

11.

12.

13.

14.

15.

16.
17.

REFERENCES (continued)

Carran, G. P., J. T. Clancey, B. Pasck, M. Pell, G. D. Rutledge
and E. Gorin, "Production of Clean Fuel Gas from Bituminous
Coal," Consolidation Coal Co. report to EPA, EPA-650/2-73-049,
December 1973.

Data Supplied by the Indiana Geological Survey.

Esso Research Centre, England, "Chemically Active Fluid-Bed
Process for Sulfur Removal During Gasification of Heavy Fuel
011," EPA-650/2-74-109, November 1974,

Hunter, W. D., Fedoruk, J. C., Michener, A. W., Harris, J. E.,
"The Allied Chemical Sulfur Dioxide Reduction Process for
Metallurgical Emissions,” in Sulfur Removal and Recovery

from Industrial Processes, J. B. Pfeiffer, ed., American
Chemical Society, Washington, D. C., 1975.

Mellor, J. W., "A Comprehensive Treatise on Inorganic and
Theoretical Chemistry," Vol. III, Longmans, London, 1923.
Squires, A. M., "Cyclic Use of Calcined Dolomite to Desulfurize
Fuels Undergoing Gasification," in "Fuel Gasification" Advances
in Chemistry Series N069, American Chemical Society,
Washington, D. C., 1967.

Pell, M., Ph. D. Thesis, Chemical Engineering Department,

The City University of New York, 1971.

Keairns, D. L., D. H. Archer, R. A. Newby, E. P. O'Neill,

E. J. vidt, Evaluation of thg Fluidized Bed Combustion Process,
Vol. I. Environmental Protection Agency, Westinghouse Research
Laboratories., Pittsburgh, Pa., EPA-650/2-73-048 a. NTIS PB-231 162/9.
December 1973.

Sun, C. C., Unpublished work, Westinghouse, 1976.

Squires, A. M., "Programs for Gasification of Coal in High
Velocity Fluidized Beds and Hot Gas Cleaning,” paper presented
at Symposium "Clean Fuels from Coal", Institute of Gas Technology,
Chicago, Illinois, June 1975.

112
s




18.

19.

20.

21.

REFERENCES (continued)

Sun, C. C. and D. L. Keairns, "Environmental Impact of Solid
Waste Disposal from the Fluidized Bed Coal Combustion Process,"
paper presented at the San Francisco ACS Meeting, August 29 -
September 3, 1976.

Keairns, D. L., C. H. Peterson, and C. C. Sun, "Disposition of
Spent Calcium-Based Sorbents Used for Sulfur Removal in Fossil
Fuel Gasification," paper for presentation at the Annual AiChE
Meeting, Chicago, Illinois, November 1976.

Keairns, D. L., D. H. Archer, J. R. Hamm, S. A. Jansson,

B. W. Lancaster, E. P. 0'Neill, C. H., Peterson, C. C. Sun,

E. F. Sverdrup, E. J. Vidt, and W. C. Yang, "Fluidized Bed
Combustion Process Evaluation - Pressurized Fluidized Bed
Combustion Development,” contract report to EPA, September 1975;
EPA report No. EPA-650/2-75-027c, NTIS No. PB-=246 1l6.
Peterson, C. H., M. Gunnasekaran, and S. M. Ho, "Utilization
of Spent Limestone from a Fluidized Bed 0il Gasification/
Desulfurization Process on Concrete,"” Proceedings Fifth
Mineral Waste Utilization Symposium, Chicago, Illinois,

April 1976.

113



