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ABSTRACT

The fuelsstudiedin thisprojectare (a)flotationslurryfuel beneficiat-
ed from coal finesat variousstagesof the cleaningprocessand (b)coal-
sorbentpelletsmade fromthe flotationconcentrateof the same beneficia-
tion processusingcorn starchas binder. Thesefuelsare investigatedin
a 4-inchinternaldiametercirculatingfluidizedbed combustor(CFBC).
Combustiondata such as SO2, NOy emissions,combustionefficiencyand ash
mineralmatteranalysesfromth_sefuelsare comparedwith similarparame-

d.L--ters from a referencecoal burntin _,_ same fluidizedbed combustor.

The combustionexperimentsdemonstratedthatthe threecoal-waterslurry
fuelsand the pelletfuelemployedin the presenttestscouldburnwell in
the CFBC unit. Bed temperaturecontrolcouldeasilybe maintainedwith the
slurryfuels,and providedthe bed temperaturedid not fall below1100-
1200"F,it couldbe broughtup to operatingconditionssolelyon the slurry
fuel. Bed temperaturecontrolwas even betterwith the pelletfueltested,
and the bed couldbe sIu_pedto even lowertemperatures.

The combustiontestsshowedthat the combustionefficiencyof the slurry
fuelsand the pelletswere quitecomparablewith thatof the standardcoal
in the rangeof 91-98%.

Sulfurdioxideemissionsin Ibs per millionBtu from the slurryfuelswere
low enoughto satisfyEPA emissionsrequirementswith Ca/S ratiosof 1.5 or
less. At theselow Ca/Sratios,the slurryfuelsand the pelletemitted
lessSO_ than the standardcoal. Increasingthe Ca/S ratiosshowedthat
the standardcoal SOp emissionsreducedat a fasterrate than the SO;
emissionsfrom the p_lletand slurryfuels,becauseof the more effiEient
dispersionand gas-solidcontactof the standardcoal particles.

Oxidesof nitrogenemissionswere generallyon the orderof 0.3 Ibs per
millionBtu from the slurryfuelsunderthe conditionsof the present
tests,whilethat fromthe pelletswere between0.6 to 0.75 Ibs per million
Btu dependingon bed temperature.In comparison,the oxidesof nitrogen
emissionsfrom the standardcoal variedfrom0.5 to 0.B Ibs per millionBtu
in the bed temperaturerangeof 1475-1625°F.

This project is funded by the U. S. Department of Energy (METC) and by the
Illinois Department of Energy and Natural Resources as part of their cost-

shared program. _j_
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EXECUTIVE.SUMMARY

Combustion experiments were conducted in a 4-inch internal diameter circu-
lating fluidized bed combustor on three coal-water slurry fuels, a standard
reference coal and a coal-sorbent pellet fuel. The three coal-water slurry
fuels were obtained by taking samples at various stages of recovery from
the Galatia preparation plant of Kerr-McGee Corporation. Particle size
analysis of dried coal from the slurries were made and the results were
reported in previous quarterly reports. Proximate and ultimate analyses
results and mineral matter distribution in the above coal samples have also
been reported.

In the combustion tests conducted this quarter, the coal-water slurry fuels
were prepared by either adding or decanting water such that the solids
concentration of the slurries varied from 42-46%, as this solids loading
was found best for injection and for slurry transport into the combustor.
Using a peristaltic pumpand an in-house fabricated pneumatic injection
system, the three slurries were fed into the fluidized bed combustor once
it had been brought up to steady state operating conditions on a run-of-
mine coal. The combustor was then operated entirely on the coal-water
slurry fuel and the combustion and emissions properties of the slurry fuels
investigated. The variables measured during a test included temperatures
at various points within the combustor, CO, CO2, 02 , SO and NO_ emissions,
coal-water slurry and air feed rates, recycle ratios an_ exit c_clone ash
rejection rates.

Similar experiments were conducted on the standard coal and the coal-
sorbent pellets made by using cornstarch as binder.

Results from the combustion experiments show that the three coal-water
slurry fuels and the coal-sorbentpellets are excellent fuels with combus-
tion and emissions propertiesequal to or better than the standard run-of-
mine coal.

Sulfur Dioxide Emissions

The SO2 emissions of the slurry fuels were measured to be lower than those
from tBe standard coal, except at high Ca/S ratios. At a temperatureof
1550°F and a Ca/S ratio of 2.5, slurry fuel A yielded 0.8 Ib/10v Btu,
slurry fuel B emitted about ] Ib/10v Btu and slurry fuel C (which had the
highest sulfur content) emitted about 1.15 Ib/10u Btu.

The standard run-of-minecoal emitted 1.2 Ib/106 Btu. These values are
comparablevalues under the conditions of the test and are not the lowest .
emissions levels that can be achieved when the system is optimized. Unde_ -
similar conditions of operation,the pellet fuel emitted about 1.15 Ib/10_
Btu.

Oxides of Nitroqen Emissions

Oxides of nitrogen emissionsfor the slurry fuels were uniformly lower than
for the standard coal. For the _hree slurry fuels tested, NO_ emissions
varied between 0.25 to 0.4 Ib/10_ Btu; and for th_ pellet fueT, the meas-
ured NOx emissionswere on the order of 0.6 Ib/IOu Btu. In comparison,the



oxides of pitrogen emissions for the standard coal varied between 0.48 to
0.85 1b/10 u Btu, depending on h_d temperature.

Combustlon Efficiency

Carbon conversion efficiencies ranging from 91 to 98% were measured for the
slurry fuels and the standard coal. The pe]]ets burnt extremely well and
had a uniform carbon conversion efficiency of over 98%.

It may be concluded from the results of these comparative tests that the
coal-water slurry fuels processed from the preparation plant fines consid-
ered in the present tests are desirable fuels with good combustion and
emissions characteristics. The coal-sorbent pellets also exhibited good
carbon conversion efficiencies in the CFBCburner with emissions of SO2 and
NOx somewhat lower than those of the standard coal.
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,,0,BOECTIV,ES

The overall ob.iectiyes for this one-year project are"

]. to demonstrate that new fuels derived from Illinois high sulfur coal,
namely (a) coal-sorbent pellets and (b) coal-water slurry produced from
froth flotation feed can be effectively utilized in a circulating fluidized
bed combustor,

2. to compare the carbon conversion efficiencies, SO2 and NO_ emission
levels and Ca/S ratios needed to meet EPA regulations from tile above fuels
with those measured under simi 1ar operating conditions with a standard
]BCSP coal, and

3. to analyze ash and spent limestone residues with a view to proposing
waste disposal strategies for the combustion residues resulting from these
new fuel forms.

The specific qoals to be achieved as stated in the proposal are as follows:

1. determination of the carbon conversion efficiency of (a) the froth
flotation coal water slurry fuel developed at the [SGS under CRSCsponsor-
ship, and (b) the coal-sorbent pelletized fuel developed by ]SGS under CRSC
funding.

2. determination of the Ca/S mole ratio requirements for the coal-water
slurry fuel to meet EPASO2 emissions requirements.

3. determinationof the sulfur capture efficiencyof the coal-sorbent
pellet fuel

4. evaluation of the mineralmatter elementaldistributionin the combus-
tion residues from the above fuels when burned in a laboratoryscale 4"
internal diameter circulatingfluidized bed combustor

5. determination of the NOv emission levelswhen burning the coal-water
slurry and the pelletizedfuel in a CFBC unit

6. comparison of the carbon conversion efficiency,carbon balances, SO2 and
NOu emission levels and combustionwaste analyses of the coal water slurry
an_ pelletized fuel with equivalent values obtained from a standard coal

The accomplishmentof these goals involve the followingtasks: (a) fuels
procurement,(b) fuel testingand analysis, (c) fuels preparation, (d)
installationof limestonefeeder, (e) combustiontesting in a 4" internal
diameter circulating fluidizedbed combustor, (f) combustion residues
analysis using EDX, and (_) data analysis and report preparation.
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INTRODUCTIONANDBACKGROUND

Increasedutilizationof Illinois coals can be promoted by developing clean
burning coal-based fuels which are low in sulfur and high in heating value.
One such project, funded by CRSC, is aimed at developing coal-sorbent
pellets from coal fines. A Second CRSC supportedproject recovers fine
coal from plant waste employingvarious flotationtechniques, producing a
slurry with higher solids concentrationand Btu content. The market poten-
tial of these fuels will depend on the combustion and emissions character-
istics of the coal/sorbentpellets and the coal slurry. This can be estab-
lished only by combustiontesting under conditions simulating actual boiler
firing. Because of the small quantitiesof the fuels being produced,
laboratory-scalecombustors are best suited to demonstratetheir utility
and emissionscharacteristics.

There is a need to evaluate the burning characteristicsof the coal-sorbent
pellets and the coal water slurry to determinewhether they can be burned
easily and with good carbon conversion efficiencies. In the case of the
coal-sorbentpellets, it is necessary to quantitativelyevaluate the sulfur
capture efficiency of the pellets, in comparisonwith the case where the
coal and sorbent are fed separately,to establishthe merits of the coal-
sorbent pelletizationprocess. Additionally,it is necessary to investi-
gate how the pelletizationprocess, namely the mixing of the sorbentwith
the coal matrix influencesthe porosity and carbon burnout historiesof the
coal. The sorbent Ca/S ratios needed to meet EPA requirementswith the
coal water slurry and its carbon conversion efficiencyneeds to be evaluat-
ed in comparison with standard Illinoiscoals to demonstrate the usefulness
of the separation process.

The research currently being performed in this project addresses the above
needs to improve the usefulnessof fuels produced from high sulfur coals.

EXPERIMENTALPROCEDURES

I. Equipment and Instrumentation

The experimentsare being conducted in the 4" internaldiameter circulating
fluidized bed combustor shown schematicallyin Figure ](a). The combustor
is lined with a castable refractory to reduce heat losses. As shown in
Figure 1(a), a blower supplies fluidizing air which is split into two
streams. The main stream enters the fast fluidizedbed section of the

combustor through a distributorplate speciallydesigned to provide even
fluidization. This sectionof the air duct also houses a propane-fired
preheat system,which is utilized to bring the bed solids up to tempera- -
tures required to ignite the main fuel. Unburnt fuel, limestone and ash
entrained by the gases in the main bed column pass through a refractory-
lined hot cyclone, which traps the larger particlesand deposits them into
an auxiliarybubbling bed attached to the bottom end of the hot cyclone.
The second smaller air stream enters this bubbling bed into which the
carry-over solids from the fast fluidizedbed trapped by the hot cyclone
are deposited. A non- mechanical seal ensures that this unburnt fuel and
bed solids flow from the bubbling bed into the fast fluidized bed and not
vice-versa. Both air streams are metered with ASME nozzles and incorporate
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control valves for adjustingthe flow velocities in the fast fluidizing and
bubbling bed sections of the combustor.

Crushed and sieved coal is fed from a pressurizedhopper via a screw feeder
pneumatically into the dense portion of the fast fIuidized bed, using
metered high pressure air. Sized limestone, stored in a separate hopper,
is fed simultaneouslyinto the air stream,conveying the coal into the bed.
Both coal and limestone feed systems have been calibrated individually.

Two quartz glass-linedobservationports, one located in the dense bed at
the bottom, and the other located near the top in the dilute phase or
transport section of the bed, serve for visual monitoring of the combustion
process. The circulatingfluidized bed combustor is instrumentedwith
chromel-alumelthermocouplesat various positionsfor measuring tempera-
ture. The thermocouplesare connected to a selector switch and, thence, to
a digital readout meter.

Solids too small to be captured by the hot cyclone are trapped in a multi-
clone, mounted at the hot cyclone exit. In the present system, these
multiclone solids are not reinjected into the bed. The multiclone solids
are later analyzed for heat content, using an adiabaticcalorimeter. Com-
bustion gases are drawn off from a point at the exit of the multiclone,
filtered through 2-5 micron particulatefilters, and conveyed via heated
lines to an instrumentpanel for determininggas composition. Carbon
monoxide and carbon dioxide are measured with Beckman NDIR analyzers,
oxygen with a Beckman 755 paramagneticanalyzer,oxides of nitrogen, NOW,
with a Thermoelectron]0 AR chemiluminescentanalyzer and sulfur dioxid_
with a Beckman IR analyzer.

Coal Water Slurry Feed System

When firing coal-water slurry (CWS) fuels, the feed system shown in Figure
1(b) is used. The CWS fuel is stored in a container fitted with a motor-
driven stirrer, to maintain uniformity of slurry composition. The slurry
is pumped by a speed-controlledperistalticpump to the CFBC and injected
pneumatically into the region above the dense portion of the bed, using a
water-cooledinjector. Due to the longer residencetimes in the fluidized
bed, and the effectivemixing of the slurry droplets and the bed material,
it is not necessary to provide a finely atomized slurry to the bed. Hence,
a lo_ pressure system such as the one illustratedin Figure 1(b) has been
found adequate in previoustests, and is the one used in the present tests.

Pellet Feed System

The coal-sorbentpellets are injected pneumaticallyinto the dense bed
using a vibrating feeder. Feed rates are controlled by changing the fre-
quency of vibration. Feed rates are measured by feeding a known weight of
pellets and measuring the time in which this known weight of pellets is
utilized by the burner.



Figure l(a). Schematic of 4" Diameter CIr(:ulatlng Fluldlzed Bed Facility Used
for Fuels Testing
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Figure l(b). Schematic of CWS Slurry Injection System



II. Test Procedures

CFBC_,Combusttonand Emissions Tests

The combustion testing of the coal slurry and pellet fuels involves the
following steps:

* The CO, C02, 07 , NO_ and SO2 analyzers are calibrated at the beginning
and at several t_mes _uring a-test burn.

* The CFBCcombustor is filled with the proper amount of bed material (sand
or limestone).

* The propane preheat system is fired the bed material and unit is brought
up to about llO0-1200"F. This step takes several hours.

* Coal and limestone hoppers are filled with prepared standard coal and
limestone sorbent, respectively.

* The coal feed is initiated and the CFBCunit is brought up to operating
temperatures of around 1500"F on the standard coal. The operation of all
sampling and control systems are checked.

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

fluidization velocity 9 ft/sec
Ca/S ratio 1-4

Bed temperature = 1450-1650"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 are injected pneumati-
cally into the bed. No additional limestone sorbent will be injected
during initial tests. If SO emissions are higher than EPA limits, further
tests will be conducted with21imestone injection.

* With the coal-water slurry fuels, a special in-house fabricated pneumatic
slurry injectionsystem,Figure I(b), is 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 operation. 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 Illi-
nois 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.
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* The variables measured during a test include:

- fuel and air mass flows
- air superficialvelocity
- bed temperature
- other temperaturesat various combustor locations
- combustion gas analysis comprised of CO, CO2, 02, NOX and SO2 emissions
- test duration time
- quantity of ash collected in cyclones during test period

Combustiongenerated ash and spent limestonefrom the slurry fuel, pellets
and standard coal tested are analyzed. The heat content of the elutriated
unburnt carbon is determined from calorimetrytests. Spent limestone and
ash are prepared on metal stubs and subjectedto energy dispersive x-ray
(EDX) analysis to determinethe elements present in the samples.

Samp!e Analysis

(a) Solids ConcentrationDeterminationof Slurry Samples

Three samples of slurry fuel were analyzed to determine their solids con-
centration. This are:

(1) the dilute coal-water stream from the flotationcell,
(2) a flotation concentrateobtained by gravity concentration,and
(3) the centrifuge product containing a high solids loading.

In each case, the solids concentrationloadingwas determined by taking a
known weight of well-mixed sample of each of the above fuels, and driving
off the moisture by heating in a vacuum oven maintained at less than I00"C
and measuring the weight of the dried sample at regular intervals till no
weight change was detected in the dried sample.

(b) Proximateand Ultimate Analyses

Proximateand ultimate analyses of the above three slurry fuels and the
size graded reference IllinoisNo. 5 coal were obtained using standard ASTM
proceduresat the Coal Technology Laboratory at Carterville, Illinois.

(c) Particle Size Analysis

Particle size analysis in the range below 125 microns was obtained utiliz-
ing a Leeds and Northrup Microtrak Mcdel 7995-10particle size analyzer. A
schematicof the instrument is shown in Figure 2. In this version of the
instrument,a laser beam is projected through a transparent cell which -
contains a stream of moving particles suspended in a liquid. Light rays
which strike particlesare scatteredthrough angles which are inversely
proportionalto their sizes. The rotating optical filter transmits light
at a number of predeterminedangles and directs it to a photodetector.
Electrical signals proportionalto the transmittedlight flux values are
processedby a microcomputersystem to form a multi-channelhistogramof
the particle size distribution.
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{d) Mtneral Matter Analysts

The mineral matter analysis of the coal in the three slurry fuels and the
reference Illinois No. 5 coal was conductedwith a Hitachi H-600 analytical
electron microscope operating both in the transmissionand the scanning-
transmissionelectron microscopy (STEM) modes. With STEM, a Tracor-
Northern energy dispersive x-ray (EDX) Model 5500 analysis system was
employed. The specimen sampleswere mounted on adhesive copper grids and
examined at 100kV in the electron microscope. The samples were uncoated.

Oata Anal yst s

From the measured data the following parameters will be computed:

* excess-air ratios
* Ca/S mole ratios
* carbon conversion efficiency
* sulfur capture efficiency%
* SO2 emissions l_vels in Ib/]O6 Btu
* carbon balances

' To

Le_ Lens Microcomputer

I

Sptaer I
Sa • tin9 Pholodelector

Be Monitor Filler Cell Optical
Detector Filler

Figure 4. STANDARD RANGE ANALYZER - PARTICLE MEASURING SYSTEM

Ftgur0 2. Schematic of Mtcrotrak Particle Size Measurement System
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RESULTSANDDISCUSSION

Fuels Preparation

Experiments were conducted with the CFBCbrought up to operating tempera-
Lure to determine if the coal-water slurry fuels had the proper solids
concentration loading for smooth and continuous operation. Solids concen-
tration loading was varied between 40 to 60% by adding or decanting water
from the as-received coal-water slurry smaples. If the solids loading was
too high, somedifficulty was experienced in transporting the slurry from
the pumpto the injector. Also, the injector tip which was in contact with
the hot combustion gases tended to clog. If the solids concentration was
too low, excessive amounts of water was being fed into the bed; and bed
temperature was difficult to maintain, especially at higher bed tempera-
Lures. As a result of these experiments, it was determined that a solids
concentration loading of 42-46% was best suited for the comparison experi-
ments that were being performed. Therefore, the slurry fuels solids load-
ing was altered to fall in this range. It was also determined that a
commonhousehold detergent such as Cheer added in the amount of 15gms/50kg
of slurry fuel also enhanced the flow properties of the slurry fuels.

The coal-sorbent pellets were obtained from researchers at ISGS. They
contained ground limestone so that the Ca/S ratio of the pellet was 2.0.
The pellets were 0.125 inches in diameter and 0.375 inches long. As re-
ceived, the pellets were quite moist and fragmented easily. They were
dried by blowing air over them until the moisture content was less than 5%.

CombustionTest Results

The slurry fuels, standard coal and pellets were burnt in the CFBC unit
under the conditions described above. Results of the combustion tests are
discussed in the following sections, under the headings of Sulfur Dioxide
Emissions, Oxides of Nitrogen Emissionsand Combustion Efficiency.

Sulfur Dioxide Emissions

Two types of tests were conductedwith the fuels. In one series of experi-
ments, the effect of bed temperature on SOp emissionswere investigated.
In the second series, the influenceof Ca/S ratio was measured. Where
supplies of the fuel were limited, only one of the tests was possible.

Figures 3 and 4 illustratethe influenceof bed temperatureon SO_ emis-
sions from slurry fuels A and B, respectively. Slurry fuel A is Berived
from the very low (5.6%) solids loading flotationcolumn effluent of the
preparationplant. Slurry B is the flotation concentratefuel as developed-
by ISGS under ICCI sponsorship. The Ca/S mole ratios for the data of
Figures 3 and 4 are 2.5 and 2.7, respectively. As seen from the figures,

the effect of bed temperatureon SO2 emissions is very similar for the two
slurry fuels shown. These trends were also found to be similar for the
standard coal and slurry fuel C.

The effect of bed temperatureon the SO2 emissions from the pellet fuel for
a Ca/S ratio of 2.0 is shown in Figure _. Figure 6 depicts the comparative

emissions levels of SO2 from the standard coal, slurry fuel A and slurry
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fuel C at a bed temperatureof IS7S'Fand a Ca/S ratioof Z.S. Generally,
the slurryfuelsyieldedlowerlevelsof SO2 emissionsthanthe standard
coals,especiallyat lowerCa/S ratios.

The effectof Ca/S ratioon the slurryfuelsand the pelletsis shownin
Figures7 and 8 for a bed temperatureof IS50"F. SlurryA coal contained
about1% sulfur,whileslurryC coal contained1.5%sulfur. The standard
coal and the coal usedin the pelletsalsocontained1.5% sulfur. At low
Ca/S ratiosless thanCa/S= 2.5, the slurryfuelsemit lowerlevelsof SO2
in Ibs per millionBtu. Thus,with slurriesof this type,andwith fuel
and operatingconditionsoptimized,it may be possibleto meet EPA emis-
sionslimitson SO2 with very smallCa/S ratios.

With higherCa/S ratios,it was foundthatthe standardcoal exhibiteda
more rapiddeclinein SO2 emissionsthan the slurryfuels. This is seen in
Figure7 by comparingthe levelsfrom the standardcoal and slurryC which
has the same percentageof sulfurin the coal. This is attributedto the
dispersioncharacteristicsof the fueland limestonein the fluidizedbed.
The slurryfuel is in the formof largerdropletsthan the standardcoal.
As the Ca/S ratiois increased,more limestoneparticlesare dispersedin
the bed; and sincethe coalparticlesare alsomore dispersed,the proba-
bilityof SO2 captureincreases.This effectis not so strongfor the
slurryfuels,and the rateof decreaseof SO) emissionswith increasing
Ca/S ratiosis slower. Figure8 showsthe ififluenceof Ca/S ratioson the
pelletizedcoal fuel. Again,the decreaseof SO) emissionswith increasing
Ca/S ratiosis not as prominentas with the stani)ardcoal for similar
reasons. However,the SO) releaseand absorptioncharacteristicsand
historiesare differentf_r the slurries,standardcoal and pelletfuels,
and is evidencedby the lowerSO2 emissionslevelsfor the pelletsand
slurryfuelsat lowerCa/S ratios.

Oxides of NitrogenEmissions

Oxidesof nitrogenemissionsin Ibs per millionBtu are shownin Figuresg-
12 as a functionof bed temperature.Nitrogencontentof the slurrycoals
variedfrom 1.22 to 1.76%whilethat of the standardcoal and the pellet
coal was 1.71%. Regardlessof fuel nitrogencontent,the NOu emissionsof
the slurryfuelswere uniformlylowerthan thosefrom the standardcoal.
This can clearlybe attributedto the lowertemperatureenvironmentof the
burningcoal-waterslurrydroplet,especiallyin the preliminarycombustion
stagesencompassingthe volatilesrele)sephase. For the slurryfuels,NOx
levelswere on the orderof 0.3 Ibs/lO"Btu. Oxidesof nitrogenlevelsfor
the pelletfueldid not varymuch with bed teml)eraturein the rangeof 1460
to 1625"Fand were on the orderof 0.55 Ibs/lOv Btu. NOx emissionsfor the
standardcoal at lowertemperatureswere similarin magnltudefor the
standardcoal and pelletfuel. For the standardcoal,they increased
somewhatmore rapidlywith bed temperatureincreaseto a valueof 0.85
Ib/10v Btu at a bed temperatureof 1625"F.

CombustionEfficiency

Figures13-15showthe rangeof combustionefficienciesmeasuredin the
presentexperiments.SlurryB coal had the lowestheatingvalueof 9550
Btu/Ib,but yieldedthe highestefficiencyamongthe slurryfuels,Figures
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13 and 14. The longer residence time of the slurry droplets in the hotter
regions of the bed generally results in higher combustion efficiencies for
the slurries. Figures 14 and 15 show that the combustion efficiency varies
almost linearly with bed temperature under the conditions of the present
tests. Very good efftctencies were also ,_easured for the pellet fuels, on
the order of 98% as seen from Figure 15.

Htneral Matter Analysts

At the present time, EDXanalysis of the mineral matter in the ash from the
combustion tests is being done. Also, trace elemental analysis of selected
samples is being performed by professional laboratories. Results of these
tests will be submitted in the final report.

CONCLUSIO.NS

Evaluation of the combustion and emissions properties of three coal-water
slurry fuels processed from preparation plant waste streams have been
performed. Compared with similar performance from a standard run-of-mine
coal, the coal-water slurry fuels generally emit lower levels of SOs emis-
sions. The advantage of the slurry fuels over the run-of-mine coal; in
respect to SOs emissions, appears greater at low levels of Ca/S ratio
because of th_ SOp release history from the slurry fuels. For the size of
standard coal and-limestone employed in these experiments, dispersion of
the fuel particles/droplets and the limestone particles in the bed influ-
ences SO emissions from the standard coal more strongly as Ca/S ratio is
increased, in comparison to that from the slurries and the pellet fuel.

Oxides of nitrogen emissions from the slurry fuels are markedly lower than
from the standard coal as measured in the present tests. The coal-sorbent
pellet also emits lower NO. levels, especially at the typical FBCoperation
temperature of 1500-1550"F A. Combustion efficiencies measured with the
slurry fuels and the coal-sorbent pellets were generally 2-5 percentage
points higher than with the standard coal.
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