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ABSTRACT

A number of "clean" fuels are being developed from Illinois high sulfur coal
to promote its more widespread usage. Combustion evaluation of these new fuel
Forms is an important step linking process development and final marketing of
these new fuels. Heat release data inferred from carbon conversion efficien-
cies, and the potential to meet SOp emissions regulations with minimum sorbent
utilization are to be demonstrated-by combustion testing. Comparison of the
combustion and emissions properties of these new fuels need to be compared
with corresponding data from run-of-mine coal. Also, combustion evaluation of
these new fuels can provide feedback data to the researchers on optimizing
process parameters such that these clean fuels can have the best possible
combustion characteristics while meeting SO2 and NOx emissions requirements.

The fuels to be evaluated in this project are (a) flotation slurry samples
beneficiated from coal fines containing 30% and 80% solids, and (b) coal-
sorbent pellets made from coal fines. Combustion data from these two fuels is
to be compared with similar data obtained from a standard IBCSPcoal. The
tests are to be conducted in a 3-inch, internal-diameter, refractory-lined
circulating fluidized bed combustor.

During this first quarter, progress has been made in establishing baseline
data for comparing the performance of the new fuel forms with corresponding
combustion data obtained from the standard IBCSPNo. 5 coal. Someminor
problems in the gas sampling equipment have been rectified. An Accu-Rate
limestonefeeder has been secured,mounted in positionand calibrated. Stand-
ard coal and limestonesamples have been acquiredand size-graded. A malfunc-
tion problem with tilesulfurdioxidemonitor has been remedied. Combustion
testingwith coal has been performedin the 3" diameter circulatingfluidized
bed combustorburning standardcoal. Baselinedata is being gatheredfor
comparisonwith correspondingdata to be obtainedwith the beneficiatedslurry
and coal-sorbentpellet fuels.

This project is funded by the U. S. Department of Energy (METC) and by the

lllinois Department of Energy and Natural Resources as part of their cost-
shared program. DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

, , , , , ii I, , ' '"



EXECUTIVESUMMARY.

The goal of this researchis to evaluate the combustionand emissionscharac-
teristicsof two new fuels being developedunder CRSC sponsorship. These
fuels are (a) beneficiatedflotationslurriesprocessedfrom preparationplant
feed from the Kerr-McGeeGalatiaplant and (b) coal-sorbentpellets containing
5-10% lime. Tests are also to be conductedunder similarconditionswith a
standard IBCSP coal for comparisonpurposes. The combustorselectedfor
testingis the 3" internaldiameter fuel tolerantcirculatingfluidizedbed
combustor. Parametersto be measuredduring the tests are the carbonconver-
sion efficiency,SO_ and NO emissionslevelsand the mineral matter composi-
tion of the residuaT ash. _est parametersto be measuredare the superficial
velocity,bed temperature,Ca/S ratio used, excess air ratio, etc. Detailsof
the experimentalproceduresand the equipmentare given in the body of the
report.

This report covers the first quarterof this new project. During this
quarter,the CFBC unit has been broughton-line followingsome equipment
modificationsand installation. In previoustests, the gas samplingline had
a tendency to get cloggedduring prolongedperiodsof sampliJ_g.This condi-
tion has been rectifiedby installingan air flushingline. A check on the
gas sampling analyzersrevealedan electricalproblemwith the sulfur dioxide
analyzer. This has been remediedto ensure proper operationof the SO2 ana
lyzer. An Accu-Ratelimestonefeeder has been installedand calibrated.
Pneumaticlines have been installedfor limestoneinjectioninto the circulat-
ing fluidizedbed combustor. The in-bed heat exchangerset-up has been modi-
fied to obtain better controlof the bed temperatureduring operation. Coal,
limestoneand sand sampleshave been procuredand size graded for experiment.
A coal slurry feed system has been installedin readinessfor slurry fuels
testing.

The circulatingfluidizedbed combustorhas been fired up on coal and all
operatingsystemschecked out. Tests are presentlybeing conductedto secure
baselinedata with a standardcoal.
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oBjecTives
The overallob.iectivesfor this one-yearprojectare'

I. to demonstratethat new fuels derivedfrom Illinoishigh sulfur coal_
namely (a) coal-sorbentpelletsand (b) coal-water slurryproduced from
froth flotationfeed can be effectivelyutilized in a circulatingfluid-
ized bed combustor,

2. tocompare the carbon conversionefficiencies,SO2 and NOx emission
levels and Ca/S ratios needed to meet EPA regulatlonsfrom the above
fuels with those measured under similaroperatingconditionswith a
standardIBCSP coal, and

3. to analyzeash and spent limestoneresidueswith a view to proposing
waste disposal strategiesfor the combustionresidues resultingfrom
these new fuel forms.

The specificqoals to be achievedas stated in the proposal are as follows:

I. determinationof the carbon conversionefficiencyof (a) the froth
flotationcoal water slurry fuel developedatthe ISGS under CRSC
sponsorship,and (b) the coal-sorbentpelletizedfuel developedby ISGS
under CRSC funding.

2. determinationof the Ca/S mole ratio requirementsfor the coal-water

slurry fuelto meet EPA SO2 emissionsrequirements.

3. determinationof thesulfur captureefficiencyof the coal-sorbentpellet
fuel

4. evaluationof the mineral matter elementaldistributionin the combustion
residuesfrom the above fuels when burned in a laboratoryscale 3-inch
internaldiameter circulatingfluidi.zedbed combustor

5. determinationof the NO_ emissionlevelswhen burningthe coal-water
slurry and the pelletizedfuel in a CFBC unit

6. comparisonof the carbon conversionefficiency,carbon balances,SO2 and
NOx emissionlevels and combustionwaste analyses of the coal water-
slurry and pelletizedfuel with equivalentvalues obtainedfrom a stand-
ard IBCSP coal

" The accomplishmentof these goals involvethe followingtasks: (a) fuels
procurement,(b) fuel testing and analysis_(c) fuels preparation,(d) instal-
lation of limestonefeeder, (e) combustiontesting in a three-inchinternal
diameter circulatingfluidizedbed combustor,(f) combustionresiduesanalysis
using EDX, and (g) data analysisand report preparation.



INTRODUCTIONANDBACKGROUND

Increasedutilizationof Illinoiscoals can be promotedby developingclean
burningcoal-basedfuels which are low in sulfur and high in heatingvalue.
One such project, funded by CRSC, is aimed at developingcoal-sorbentpellets
from coal fines. A second CRSC supportedprojectrecovers fine coal from

..... plant waste employingvariousflotationtechniques,producinga slurrywith
higher solidsconcentrationand Btu content. The market potentialof these
fuels will depend on the combustionand emissionscharacteristicsOf the
coal/sorbentpelletsand the coal slurry. This can be establishedonly by
combustiontesting under conditionssimulatingactual boiler firing. Because
of the small quantitiesof the fuels being produced,laboratory-scalecombus-
tors are best suited to demonstratetheir utilityand emissionscharacteris-
tics.

There is a need to evaluatethe burningcharacteristicsof the coal-sorbent
pellets and the coal water slurry to determinewhether they can be burned
easily and with good carbon conversionefficiencies. In the case of the coal-
sorbentpellets, it is necessaryto quantitativelyevaluatethe sulfurcapture
efficiencyof the pellets, in comparisonwith the case where the coal and
sorbentare fed separately,to establishthe merits of the coal-sorbentpelle-
tization process. Additionally,it is necessaryto investigatehow the pelle-
tization process,namely the mixing of the sorbentwith the coal matrix influ-
ences the porosityand carbon burnouthistoriesof the coal. The sorbentCa/S
ratios needed to meet EPA requirementswith the coal water slurryand its
carbon conversionefficiencyneeds to be evaluatedin comparisonwith standard
Illinoiscoalsto demonstratethe usefulnessof the separationprocess.

The researchcurrentlybeing performedin this project addressesthe above
needs to improvethe usefulnessof fuels produced from high sulfurcoals.

EXPERIMENTALPROCEDURES

The experimentsare being conductedin the 3-inch internaldiametercirculat-
ing fluidizedbed combustorshown schematicallyin Figure I. The combustion
testing of the coal slurry and pellet fuels involvesthe followingsteps:

* The CO, CO2, 02,.NOx and SO2 analyzersare calibratedat the beginning
and at several tlmes during a test burn.

* The CFBC combustor is filledwith the proper amountof bed material
(sand or limestone).

* The propanepreheatsystem is fired the bed material and unit is brought
up to about 1100-1200°F. This step takes severalhours.

* Coal and limestonehoppersare filledwith preparedstandardcoal and
limestonesorbent,respectively.

* The coal feed is initiatedand the CFBC unit is broughtup to operating
temperaturesof around 1500°Fon the standardcoal. The operationof
all samplingand controlsystemsare checked.
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GAS SAMPLING PORT
MULTICLONE

CIRCULATING
FLUIDIZED BED

Figure I. Schematicof 3" DiameterCirculatingFluidizedBed FacilityUsed
for Fuels Testing



* For tests with standard coal and the slurry and pellet fuels, typical
values of operating variables are as follows:

r

fluidization velocity 7-10 ft/sec
Ca/S ratio 1-3

Excess air ratio = 20%
Bed temperature = 1500°F

These parameters are kept constant with all the fuels, so that comparison of
the combustion and emissions parameters* can be made under identical conditions
of operation.

* During the coal-sorbent pellet tests, the pellets will be fed in the same
manner as the standard coal. No additional limestone sorbent will be

injected during initial tests. If SO2 emissions are higher than EPA
limits, further tests will be conducted with limestone injection.

* With the coal-water slurry fuels, a special in-house fabricated pneumat-
ic slurry injection system will be employed to inject the slurry fuel
into the combustor.

* Six to ten test runs are planned to be made. Each test run is made
after the combustor has reached steady state conditions. Combustor
steady state conditions are usually achieved after 30-48 hours of opera-
tion. Where test fuel supplies are limited, the procedure adopted is to
first bring the combustor to steady state operation on the standard coal
or another lllinois coal, and then change the fuel feed to the test
coal, slurry or pellet fuel only for the duration of the steady state
data acquisitionperiod. "'

* The variablesmeasuredduring a test include
- fuel and air mass flows
- air superficialvelocity
- bed temperature
- other temperaturesat variouscombustorlocations

- combustiongas analysiscomprisedof CO, CO2, 02, NOx and SO2 emissions
- test duration time
- quantityof ash collectedin cyclonesduring test period

Combustiongenerated ash and spent limestonefrom the slurry fuel, pellets and
standardcoal tested will be analyzed. The heat contentof the elutriated
unburntcarbon willbe determinedfrom calorimetrytests. Spent limestoneand
ash will be prepared on metal stubs and subjectedto energy dispersivex-ray
(EDX) analysisto determinethe elementspresent in the samples.

i

Data AnalYsis

From the measured data the followingparameterswill be computed:
* excess-airratios
* Ca/S mole ratios
* carbon conversionefficiency
* sulfur capture efficiency%
* SO2 emissionslevels in Ib/106Btu
* carbon balances
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RESULTS,ANDDISCUSSION

A major portion of this quarter was utilized to bring the equipment on-line as
it had not be_n'used for some time. The CO, COp, 02, SO2 and NOx analyzers
were checked and a problem discovered with the SO2 analyzer Troubleshooting
of the problem followed and the defect Was rectifled without sending the
instrument in for servicing to the manufacturer. The condition of the dis-
tributor plates in the main portion and circulating part of the bed were
checked by dismantling the appropriate sections and reassembling them with new
gaskets. The in-bed cooling water tubes for maintaining effective bed temper-
ature control were modified so that the water supply through them could be
more accurately controlled to secure finer control of bed temperature.

In previous tests, a problem was encountered with the gas sampling lines with
the sampling line and filter getting clogged during prolonged sampling peri-
ods. To overcome this problem, the gas sampling probe at the exit of the
particle collection multiclone system was Fitted with an air flushing system,
such that a constant flow of air is maintained into the probe when the combus-
tion gases are not being sampled for analysis. This ensures that the off-take
port of the gas sampling probe will be clean at all times.

A limestone feeder manufactured by Accu-Rate Corporation has been installed
and a supply of air hooked up to it, so that the limestone can be injected
directly into the bed. Since the coal and limestone feeders operate independ-
ently, coal and limestone f_ed rates can be set individually.

Samples of standard coal have been secured. The coal has been crushed and
sieved to -14+35 mesh. Agricultural grade limestone has been purchased and
sieved for the tests to the same size for feeding into the bed with the coal.
Someof the limestone has also been sieved to -14+18 mesh for use as a bed
material. In addition, some river sand has been obtained and sieved to -14+18
mesh also for use as a bed material. A coal-slurry holding tank with a
stirrer installed within it has been secured and installed. A variable-speed
peristaltic pump has also been installed for pumping the slurry fuel into the
fluidized bed combustor through a water cooled pneumatic injection system.

Shake-down combustion tests have been conducted in the circulating fluidized
bed system. The propane preheat system has been fired and the fluidized bed
brought up to temperature for coal injection which is about IO00'F. Coal has
been injected and the system brought up to operating temperatures of 1500-
1550°F.

Presently experiments are being conducted to establish baseline data with the
standard coal. Due to some delays experienced during startup, such as the
malfunctioning of the SO_ analyzer, data are being gathered as of this writing
and were not available t_ be included in this quarterly report. However, at
the present time, preliminary tests have established that all items of equip-
ment are functioning properly and baseline tests with standard coal are being
conducted.

Samples of beneficiated slurry fuel from ISGS are also expected to be received
shortly. Tests with the slurry fuel will be conducted as they become avail-
able.



CONCLUSIONS

During this first quarterof the project,progresshas been made to bring the
circulatingfluidizedbed systemon line, and in readinessfor the fuels
testingprogram..At the time of writing,tests are being conductedon the
standard IBCSP No, 5 coal. These tests are to be accomplishedduring December
and January. Tests on the coal slurry fuel are projectedto be conductedsoon
after. '
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express Or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.






