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INTRODUCTION

The Pittsburgh Energy Technology Center of the U.S. Department of_Energy has

contracted with Combustion Engineering, Inc. (CE) to perform a five-year project

on "Combustion Characterization of Beneficiated Coal-Based Fuels." The

beneficiated coals are produced by other contractors under the DOE Coal

Preparation Program. Several contractor-developed advanced coal cleaning

processes are run at pilot-scale cleaning facilities to produce 20-ton batches

of fuels for shipment to CE's laboratory in Windsor, Connecticut. CE then

processes the products into either a coal-water fuel (CWF) or a dry microfine

pulverized coal (DMPC) form for combustion testing.

The objectives of this project include: i) the development of an engineering

data base which will provide detailed information on the properties of BCFs

influencing combustion, ash deposition, ash erosion, particulate collection, and

emissions; and 2) the application of this technical data base to predict the

performance and economic impacts of firing the BCFs in various commercial boiler

designs.

The technical approach used to develop the technical data includes: bench-scale

fuel property, combustion, and ash deposition tests; pilot-scale combustion and

ash effects tests; and full-scale combustion tests. Subcontractors to CE to

perform parts of the test work are the Massachusetts Institute of Technology

(MIT), Physical Science, Inc. Technology Company (PSIT) and the University of

North Dakota Energy and Environmental Research Center (UNDEERC).

Twenty fuels will be characterized during the five-year base program: three feed

coals, fifteen BCFs, and two conventionally cleaned coals for full-scale tests.

Approximately nine BCFs will be in dry ultra fine coal (DUC) form, and six BCFs

will be in coal-water fuel (CWF) form. Additional BCFs would be characterized

during optional project supplements.



SUMMARY

During the second quarter of 1992, the following technical progress was made.

• Continued analyses of drop tube furnace samples to determine

devolatilization kinetics.

• Completed analyses of the samples from the pilot-scale ash

deposition tests of unweathered Upper Freeport feed coal.

• Published two technical papers at conferences.

• Prepared for upcoming tests of new BCFs being produced.



TASK i - FUEL PREPARATION

Beneficiated coals (BCs) and feed coals are acquired from other DOE projects and

shipped to CE. These fuels are then processed into either a dry pulverized coal

form by CE or a coal-water fuel (CWF) form using OXCE Fuel Company technology.

The feed coals are fired as standard grind (70% minus 200 mesh) pulverized coal

(PC), while the dry beneficiated fuels are generally dry microfine pulverized

coal (DMPC).

Ten twenty-ton batches of test fuel have been produced under the DOE-PETC Coal

Preparation program since 1987. These fuels include:

i. Illinois #6 feed coal

2. Pittsburgh #8 feed coal

3. Upper Freeport feed coal

4. Illinois #6 microbubble flotation product

5. Pittsburgh #8 microbubble flotation product

6. Upper Freeport microbubble flotation product

7. Illinois #6 spherical oil agglomeration product

8. Pittsburgh #8 spherical oil agglomeration product

9. Upper Freeport spherical oil agglomeration product

i0. Fresh Upper Freeport feed coal

The first nine fuels were tested in the pilot-scale facility between October 1989

and June, 1990. Bench-scale testing continued through this quarter. Since the

first six fuels had been stored in sealed drums for approximately eighteen

months, a fresh 20-ton sample of Upper Freeport parent coal was obtained for

testing to evaluate the effects of aging or "weathering". The next BCFs for

testing are being produced during the second and third quarters of 1992.



TASK 2 - BENCH-SCALE TESTS

All test fuels are fully characterized using various standard and advanced

analytical techniques. These tests evaluate the impacts of parent coal

properties and beneficiation process on the resulting BCF's qualities.

A few selected fuels are tested in a laminar flow drop tube furnace to determine

fly ash particle size and chemical composition. Results include mineral matter

measurements and modeling of fly ash history and have been reported in previous

quarterly reports and in the paper by Barta, et alia, 1991.

A swirl-stabilized, entrained flow reactor is used to characterize the surface

compositions and the states of ash particles formed during combustion.

Deposition rates on a target are determined, and the size and compositions of the

deposits from different fuels are compared. Results were reported in the

Quarterly Report for the period January to March, 1991.

The ten coal and BCF samples received to date have been completely analyzed for:

(i) complete chemical analyses; (2) flammability index measurements; (3) weak

acid leaching; (4) TGA reactivities and BET surface areas of chars, and (5)

combustion kinetics. All these data have been reduced and reported in the

Quarterly Reports for July to September, 1990, January to March 1991, and October

to December, 1991, as well as in papers by Nsakala, et alia, 1990 and 1991, and

the draft Topical Report issued in June, 1991.

Work during this quarter focused on completing the CE Drop Tube Furnace System-I

(DTFS-I) devolatization testing of the BCFs. The analysis of the samples

collected during the tests also continued.
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TASK 3 - PILOT-SCALE TESTING

The pilot-scale studies were designed to provide key information for the

technical and economic assessment of the BCFs for commercial applications.

Comprehensive tests were conducted in the CE Fireside Performance Test Facility

(FPTF) to evaluate the combustion, furnace slagging, convective pass fouling and

fly ash erosion characteristics of the BCFs prepared in both dry (micro-fine) and

wet (micro-flne coal-water fuel) forms. Studies were also carried out to

evaluate the effect of BCF fly ashes on electrostatic precipitator (ESP)

collection performance. Additionally, representative in-flame solids and ash

deposit samples collected were analyzed in detail to enhance the understanding

of mineral matter transformation and ash deposition and to relate these to fuel

mineral distributions and combustion conditions. Also, complementary experiments

were carried out in the MIT Combustion Research Facility (CRF) to provide more

detailed information on the combustion and emission characteristics of selected

BCFs. These experiments focused on application of the coal-water fuel form.

Nine test fuels were evaluated for combustion and performance testing from

October, 1989, to June, 1990. These fuels included Illinois No.6, Upper

Freeport, Pittsburgh No.8 microbubble flotation products (MFPs), spherical oil

agglomeration products (SOAPs), and the MFP parent coals. The pilot-scale

results were reported in three previous quarterly reports: May to June, 1990,

October to December, 1990, and January to March, 1991. Results are also included

in the papers by Barta, et alia, 1991, and Chow, et alia, 1991, as well as the

draft Topical Report issued in June, 1991.

Upper Freeport fresh parent coal was tested in the CE FPTF in October, 1991 for

comparison to the previous Upper Freeport feed coal, which had aged for

approximately eighteen months, stored in sealed drums. During this quarter,

UNDEERC completed the analyses of the samples taken during testing of fresh Upper

Freeport feed coal in the FPTF. The results are shown in Appendix A.



TASK 4 - SCALE-UP TESTS

The purpose of the scale-up tests is to verify that the results obtained from

tests done at bench- and pilot-scales in Tasks 2 and 3 can be used to provide

reasonable estimates of the performance effects when firing BCFs in commercial-

scale boilers. Two beneficiated fuels would be fired in either a small utility

boiler or a full-scale test furnace.

There were no activities in this task during this quarter.

TASK 5 - TECHNICAL-ECONOMIC EVALUATIONS

The results of bench-scale, pilot-scale, and scale-up tests (Tasks 2, 3, and 4)

will be used to predict the performance of three commercial boilers. The boilers

include: a 560MW coal-designed utility unit; a 600MW oil-designed utility unit;

and an 80,000 ib/hr oil designed, shop assembled industrial unit. Eight of the

base project BCFs will be used in models of each unit to calculate performance.

No activity was scheduled for Task 5 during this quarter.

TASK 6 - TEGHNIGALREPORTING

A technical paper on the ash deposition results (Hurley, et al.) was presented

at the Coal and Slurry Technology Conference in April, 1992. A paper was also

prepared for the Contractors' Conference.

WORK PLANNED FOR NEXT QUARTER

• Continue standard bench-scale tests.

• Analyze data from pilot-scale combustion tests and ash deposition tests.

• Procure more BCFs for testing.
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COMBUSTIONCHARACTERIZATIONOF BENEFICIATEDCOAL-BASEDFUELS

1.0 INTRODUCTION

The Universityof North Dakota Energy and EnvironmentalResearchCenter
(EERC) is providing analyticaland data-interpretationsupportfor the
CombustionCharacterizationof BeneficiatedCoal-BasedFuels (BCF)project.
Under Task 2, all solid fuels are being analyzedby computer-controlled
scanningelectronmicroscopy (CCSEM)to determinethe types, sizedistribu-
tions, and degree of affiliationwith coal particlesfor the discretemineral r
particlespresent in each fuel. The fuels are also being fractionatedby
specificgravity into four portions:<1.4, 1.4-2.5,2.5-2.9,and >2.9. Ash
content,ash composition,and fusion temperaturesfor each specificgravity
fractionwill be determined.

The EERC involvementin Task 3 consistsof a number of differentanalyses
of samplesproduced during combustiontestingof the fuels in the Combustion
EngineeringFireside PerformanceTest Facility (FPTF). The specificanalyses
are summarizedin Table I.

The original Upper Freeportfuel was found to be weathered,so anotherset
of analyseswas completedfor the unweatheredfuel. This quarterlyreport
will concentrateon the comparisonof the unweatheredand the weatheredUpper
Freeportfuels and their correspondingdeposits.

2.0 TASK 2 RESULTS AND DISCUSSION

2.1 Fuel Analyses

2.1.1 SpecificGravity Fractionation

Tables 2 and 3 list the yield, ash contents,and normalizedash composi-
tions of the specificgravity fractionsof the weatheredUpper Freeportand
the unweatheredUpper Freeport fuels. The two data sets indicatethat the
particle-sizedistributionsfor both fuels are very similar.

The major elementcompositionsof the unweatheredand weatheredashes show
some interestingdifferences. The Si02 contentof the weatheredash was much
less than that of the unweatheredash, and the Fe20_contentwas higher. The
most dramatic differencein Fe203content occurredin the 2.5-2.9fraction.
Another noticeabledifferenceoccurs in the >2.9 fractionwhere the S03
contentof the unweatheredash is less than that of the weatheredash. The
differencesin compositionbetweenthe two fuelsmay be due to differencesin
samplingtechniquesor variabilitywith the coal seam.

The ash fusion temperaturesalso show differencesbetweenthe weathered
and the unweatheredashes. The weatheredash fusion temperatureswere 100° to
300'Fless than the ash fusion temperaturesfor the unweatheredmaterial. The
lower ash fusion temperaturesmay be explainedby the lower SiO2 contentand
the higher Fe203contentof the unweatheredashes,when comparedto the
weatheredashes. The lower ash fusiontemperaturesindicatethat the unweath-
ered Upper Freeport fuel is less likely to produceslag depositsin the
boiler.



TABLE 1

EERC Analyses of FPTF Samples

Sample Composition Fusion SEMPC CCSEM XRD

In-FlameSolids
Waterwall X X X
FurnaceOutlet X X X

WaterwallDeposits
TI
Inner Layer X X X X
Outer Layer X X X X

WaterwallDeposits
T2

Inner Layer X X X
Outer Layer X X X

SuperheaterDeposits
TI

Inner Layer X X X X
Outer Layer X X X X

SuperheaterDeposits
T2
Inner Layer X X X
Outer Layer X X X

Fly Ash X X X X

Bottom Ash X X

2.1.2 CCSEM Analysesof Unweatheredand WeatheredUpper FreeportFuels

The cumulativesize distributionsof the mineralparticlesin the Upper
Freeportfuels are illustratedin Figure I. The data were determinedby CCSEM
analysisof polishedcoal/waxpellets. Therefore,the data are for mineral
particleswith cross-sectioneddiameters in the range of I to 100 microns.
The weatheredand unweatheredUpper Freeportfuels show very similarparticle-
size distributions,with a majority of the particlesin the <22.0-micronsize
range.

Figure 2 shows the relativequantitiesof the differenttypes of mineral
particlesdetectedby CCSEM in the two fuels. Both fuels containmainly
quartz,aluminosilicatematerial,potassiumaluminosilicatematerial,pyrite,
and unknowns. The unweatheredfuel containsmore aluminosilicatematerial,
potassiumaluminosilicatematerial,and quartz. The weatheredfuel has higher
concentrationsof pyrite and unknowns. The large amount of mineralmatter in
the weatheredfuel labeled"unknown"in compositionappearsto be mixtures of
quartz, aluminosilicates,and pyrite with overallcompositionsthat lie
outside any of the more pure mineralcategories. The lower concentrationsof
aluminosilicatematerial in the unweatheredfuel can be explainedby differ-
ences in samplingtechniquesand/or differencesin the coal seam or sample
location.



TABLE 2

Analysesof SpecificGravityFractionsof the
UpperFreeportWeatheredCoal

SpecificGravity Fraction <1.4 1.4-2.5 2.5-2.9 >2.9

Yield (wtX) 88.0 10.3 0.9 0.8
Ash (wt%,mr') 5.1 5.1 53.7 67.6

Ash Composition(wt%)'
SiO= 43.6 44.8 55.4 3.9
AI,O, 27.0 26.9 ZO.8 5.I
Fe,O, 18.0 20.3 13.4 88.0
TiO, 2.1 1.4 0.9 0.4
P,O, O.2 O.I O.I <0.I
CaO 2.7 2.4 2.2 0.7

MgO 1.6 1.7 1.2 1.8
Na=O <0.5 <0.5 <0.5 <0.5
K,O 3.0 <0.5 2.5 <0.5
SO, 1.7 ?.4 3.5 0.5
Closure 100.I 94.8 96.7 107.9

Ash Fusion (°F)'
IDT 2098 1902 ND_ 2046
ST 2245 1952 2122
HT 2301 2181 2239
FT 2335 2288 2379

'Moisture-free.

"ASTMash composition(normalizedwt%).
"Reducingatmosphere.
"Notdetermined.

TABLE3

Analysesof SpecificGravityFractionsof
the Upper Freeport UnweatheredCoal

SpecificGravity Fraction <1.4 1.4-2.5 2.5-2.9 >2.9

Yield (wt%) 80.4 17.9 1.2 0.6
Ash (wt%,mf') 4.5 29.7 69.3 62.5

Ash Composition(wt%)'
SiO= 50.5 56.9 64.5 13 3
AI,0, 27.4 30.2 22.0 2 3
Fe=O, 11.1 6.5 7.0 71 8
TiO, 1.2 0.9 0.9 0 0
P=O, O.7 O.3 O.2 0 2
CaO 2.4 0.6 0 4 0 2

MgO 1.2 1.0 0 8 0 0
Na,O 0.3 0.2 0 2 <0 5
K=O 2.5 2.5 2 1 <0 5
SO, 2.9 0.9 1 9 12 1
Closure 100.7 106.4 101 7 106.7

Ash Fusion (°F)'
IDT 2211 2675 2510 2586
ST 2420 2761 2601 2588
HT 2502 +2800 2634 2589
FT +2800 +2800 +2800 2601

'Molsture-free.

'ASTMash composition(normallzedwt_).
'Reductngatmosphere.
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Figure 2. The compositiondistributionsof the inorganicparticleswith
sectioneddiametersbetweenI and 100 microns in the Upper Freeport
unweatheredand weatheredfuels.



The differences in mineralcompositionof the two fuels correspondto the bulk
chemicalcompositionslisted in Tables 2 and 3. The unweatheredfuel con-
tained more Si02 in all size fractions,explainingthe higher concentrationof
quartz,and the weatheredfuel containedmore Fe20_, explainingthe higher
concentrationof pyrite.

2.2 FPTF Samples

2.2.1 In-FlameParticulates--Waterwall

The data from the CCSEM analysesof the in-flameparticulatesamples
collectednear the waterwallduring testingof the Upper Freeportweathered
and unweatheredfuels are shown in Figures3 and 4. Figure3 shows that the
weatheredwaterwall ash particulateshave a similarparticle-sizedistribution
as the unweatheredash particulatescollected18" from the waterwall(WW18").
The unweatheredash particlescollected3" from the waterwall (WW3")show
slightlyhigher concentrationsin the smallerparticle sizes. Both the
weathered and unweatheredash particulatesshow higher concentrationsin the
smallerparticle sizes than the originalmineralparticlesin the
correspondingfuels. The reductionin particle size from the fuel mineralsto
the waterwall ash may be due to fragmentationof particlesduring combustion
or deposition of the larger particlesbefore they reach the waterwall.

Figure 4 shows the compositiondistributionsof the I- to 100-micron
diameterwaterwall ash particlesas determinedby CCSEM. The major
constituentsof the Upper Freeportwaterwallparticulatesare quartz,
aluminosilicates,K AI-Silicateand Fe AI-Silicatematerials. All of the
Upper Freeportwaterwallparticleshave more Fe AI-Silicateand Fe-AI-Si-rich
material than the originalfuels. Pyritewas oxidizedduring combustion. The
iron oxide originatingfrom the pyritecoalescedwith some of the
aluminosilicatematerial to form the Fe AI-Silicateand Fe-AI-Si-rich
material.

Similar to the fuels, the unweatheredUpper Freeportparticleshave a
slightly higher concentrationof quartz and a significantlyhigher
concentrationof aluminosilicatematerialthan the weatheredwaterwall

particulates. The weatheredwaterwallparticulateshave a higher
concentrationof Fe AI-Silicatematerialthan both the WW3" and WW18"
unweatheredparticulates. The weatheredparticulatesshow a decrease in
unknownswhen compared to the originalweatheredfuel. This decreaseis most
likely due to the oxidationof the pyrite followedby coalescencewith
aluminosilicateparticlesto form iron aluminosilicatematerial.

2.2.2 WaterwallPanel Sla.qDeposits

Figures 5a-d illustratethe differencesin the concentrationsof the major
elements in the coal ash, in-flameparticulates,deposits,and fly ash of the
weathered and unweatheredUpper Freeportfuels. The lines in the figures
connect the coal ash and depositdata, while the particulatesamplesare not
connected. The data pointsare arrangedin order of distancefrom the FPTF
burner and, therefore,decreasinggas temperaturesand increasingresidence
times. The data were determinedby x-ray fluorescenceanalysis.



110 _,4, r_,_

IO0

9o

n "4" UnweatheredIFS Pl WW18"
_o_ --,,- UnweatheredIFSP1 WW3"7O
@

60 -._ WeatheredWaterwaJl
q)

"5 40
E

20

10 ' i I......... , ...... , ....,
1.0-2.2 2.2-4.6 4.6-10.0 10.0-22.0 22.0-46.0 46.0-100.0

Particle-Size Categories (microns)
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A comparisonof the compositionsof the deposits (connectedsymbols)with
the particulateash samplesshows that the coal ash and depositshad higher
Si02and lower Fe20_contentsthan the particulatesfor the unweatheredUpper
Freeporttests. Since the depositcompositionis similarto that of the coal
ash, preferentialash depositionis not indicated. Instead,preferential
particulateash collectionis indicated,most likelya preferencein
aerodynamicsize. The unweatheredfuel tests do not show this preference.

I

The weathered Upper Freeportash particulatesand depositshave lower SiO2
concentrationsthan the unweatheredfuel samples,which correspondto the
lower Si02and lower quartzconcentrationsin the weatheredcoal. The Al203
and alkali and alkalineearth concentrationsfor the weatheredand unweathered
sampleswere similar,althoughthe weatheredmaterialshave slightlyhigher
concentrationsof alkalisand alkalineearths. The weatheredfuel ash had a
significantlyhigher Fe203concentrationthan the unweatheredfuel ash in the
Tube la outer deposits. These differingconcentrationsin the fuel ashes were
reflectedin the CCSEM analysesfor the original fuels. The CCSEM results
indicatedthat the weatheredfuel containedhigher concentrationsof pyrite,
which would explainthe higher concentrationsof Fe203in the fuel ash.

The reducing atmospheresofteningtemperaturesof the outer waterwall
panel and the steam-tubedeposits are illustratedin Figure6. The softening
temperaturesfor the unweatheredP2 slag and Tube 2C depositswere unavailable
due to insufficientamountsof these samples. In general,the softening
temperaturesfor the weatheredfuels were a few hundreddegreesFahrenheit
lower than those of the unweatheredfuel deposits. The higher Fe203concen-
trationsin the weathereddepositswould explainwhy these depositshave lower
softeningtemperatures.

It is also importantto determiaethe relativefluidityof the material,
which can be determinedby the viscositydistributionsof thesematerials.
This informationmay also be used to differentiatethe compositionsof the
more fluid phases from those that are more viscous. The determinationof the
viscositydistributionsis particularlyimportantwhen the ash has not com-
pletelyfused, which will occur in the cooler regionsof the combustor.

Figure 7 shows the viscositydistributionsof the amorphousmaterial in
the outer deposits that formed on the Panel I waterwall. The data were
acquiredfrom scanningelectronmicroscopepoint count (SEMPC)analyseswhich
were used to determinethe compositiondistributionsin the deposits. The
compositiondistributiondata were then used to calculatea viscositydistri-
bution of the amorphousmaterialusing an algorithmdevelopedby Kalmanovitch
and Frank. The temperatureused in the calculationsis an averagegas
temperatureat the level of Panel I during many FPTF runs. The data indicate
that the weathered Panel I deposits have a lower viscositydistributionthan
the unweathereddeposits. Therefore,the sinteringrates will be higher
becauseviscosityand sinteringrates are inverselyproportional.

Figures8a-d show the normalizedmajor elementcompositionsof the
amorphouspoints in the unweatheredand the weatheredUpper FreeportPanel 1
depositsthat have calculatedviscositiesgreaterthan 250 poise and less than
250 poise at 1650'C.The value of 250 poise was selectedbecauseit is the
standardvalue for determiningthe flow characteristicsof a slag. Slags with
higherviscositiestend to be difficultto tap from a furnace,whereasslags
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Figure 6. Reducing atmosphere ash fusion softening temperatures for the outer
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with lower viscositiesusuallycan be tapped. The higher viscositymaterial
is concentratedin the silicaand aluminaportion of the graph. The lower
viscositypoints have somewhathigher iron contentsthan the higherviscosity
points. Usually,the lower the iron contents in the ash, the less likely the
ash will form running slagdeposits in the boiler.

Figures8c and 8d show the normalizedmajor elementcompositionsof the
points in the weatheredUpper Freeport Panel I deposits. Similarto the
unweathereddeposits,the few points in the higher viscosityplot of the
weathereddepositscontainhigh silica and aluminaconcentrations. The low
viscositypoints for the weathereddeposits are more widely scatteredwhen
comparedto the unweatheredlow viscositypoints (Figure8b). The graphs show
that the lower viscositypointsof the weathereddepositsoften have more iron
and calciumthan the high viscositypoints. The lower viscosityvalues for
the weathereddeposits,as comparedto the unweathereddeposits,may be
explainedby the higher ironcontent and the lower silicacontentof the
weathereddeposits.

2.2.3 In-FlameParticulates--FurnaceOutlet

Figures9 and 10 show the cumulativesize distributionsand composition
distributionsof the in-flameparticulateash collectedat the furnaceoutlet.
The data were determinedby CCSEM analysisof ash particleswith sectioned
diametersbetween I and 100 microns. Nearly I00_ of the unweatheredash
particles(collected3" and 18" from the furnace outlet)are less than 10
microns in diameter,and approximately80% of weatheredashes are concentrated
in this particle-sizerange. The weatheredUpper Freeportash has a slightly
larger size distributionthan that of the waterwall, indicatingeither
agglomerationfrom the waterwallto the furnaceoutlet,or removalof larger
particlesby depositionbeforethey reached the furnaceoutlet. The weathered
ash particleswould be more susceptibleto agglomerationbecauseof their
higher iron contentand lower viscosities.

Figure 10 shows the compositiondistributionsof the in-flameparticulate
samplescollectedat the furnaceoutlet. The compositiondistributionis
similarto those of the ash collectedat the level of the waterwall. The
quartz contentof the unweatheredoutlet particlesshowed a slightincrease,
and the amountof iron aluminosilicatematerial showed a slightdecreasefrom
the waterwallto the furnaceoutlet.

2.2.4 ConvectivePass FoulingDeposits

The bulk compositionand reducing atmospherefusion temperaturesfor the
foulingdeposits that formedon the simulatedsteam tubes in the convective
pass of the FPTF were shown in previous sections in this report. In general,
the softeningtemperaturesfor the weatheredfuels were 200'to 400'Flower
than those of the unweatheredfuel deposits. The higher Fe203concentrations
in the weathereddepositswould explain their lower softeningtemperatures.

The calculatedviscositydistributionsof the outer depositsthat formed
on Steam Tube la are shown in Figure 11. The temperatureused in the calcula-
tions, 1250'C,is an averagegas temperaturein the region of the tubes during
a typicalfuel test. The figure shows that the weathereddepositshave a
slightly lower viscositydistributionthan the unweathereddeposits.

11
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Figure 8a. The normalizedmajor elementcompositionsof the points in the
unweatheredUpper FreeportwaterwallPanel I outer depositsthat
have calculatedviscositiesat 1650°Cof greater than 250 poise.
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Figure 8b. The normalizedmajor elementcompositionsof the points in the
unweatheredUpper FreeportwaterwallPanel I outer deposits that
have calculatedviscositiesat 1650°Cof less than 250 poise.
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Figure 8c. The normalizedmajor elementcompositionsof the points in the
weatheredUpper FreeportwaterwallPanel I outer deposits that
have calculatedviscositiesat 1650°Cof greater than 250 poise.
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Figure 8d. The normalizedmajor elementcompositionsof the points in the
weatheredUpper FreeportwaterwallPanel I outer deposits that
have calculatedviscositiesat 1650°Cof less than 250 poise.
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Figure 9. Cumulative size distribution of the inorganic particules with
sectioned diameters between I and 100 microns in the Upper Free-
port weathered and unweathered particulate ashes collected in the
FPTF at the furnace outlet.
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Figure 10. The composition distributions of the inorganic particles with
sectioned diameters between I and 100 microns in the Upper
Freeport weathered and unweathered particulate ashes collected in
the FPTF at the furnace outlet.
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Figure 11. Calculatedviscositydistributionsin the Steam Tube la outer
deposits in accordancewith the viscositydistributionsof the
previous deposits,with the weathereddeposits havinglower vis-
cosity distributions.

The normalizedmajor element compositionsof the points in the unweathered
Steam Tube la outer depositswith calculatedviscositiesgreaterthan and less
than 250 poise, at 1250'Care shown in Figures12a and 12b, respectively.
Similar to the data from the waterwall panel slag deposits,the higher
viscosityregions tend to have higher silicaand aluminaconcentrations,
whereas the lower viscosityregions tend to have higher iron or calcium. Iron
contentseems to be the controllingfactorfor viscosityin the Tube la
deposits.

Figures 12c and 12d show the normalizedmajor elementcompositionsof the
points in the weatheredTube la outer depositswith calculatedviscosities
greaterthan and less than 250 poise, respectively. Similarto the
unweathereddeposits, the higher viscosityregionscontainhigher concentra-
tions of silica and alumina. The lower viscositypointscontainmore iron and
calcium.

!

2.2.5 Fly Ash

Figure 13 shows the cumulativesize distributionof the fly ash collected
from the convectivepass near the erosiontest equipment. Nearly 100% of the
unweatheredfly ash particlesare less than 10 microns,whereasapproximately
80% of the weathered fly ash particlesare found in this particle-sizerange.
The fly ashes and furnace-outletashes have similarparticle-sizedistribu-
tions and thereforemay be explainedby the samemechanisms. The weathered
material,due to higher iron content and lower viscosities,may have
experiencedagglomeration. Larger particlesin the unweatheredfuel may have
been removedby depositionbefore reachingthe convectivepass.
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Figure 12a. The normalized major element compositions of the points in the
unweathered Upper Freeport Steam Tube la outer deposits that have
calculated viscosities at 1650°C of greater than 250 poise.
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Figure 12b. The normalized major element compositions of the points in the
unweathered Upper Freeport Steam Tube ]a outer deposits that have
calculated viscosities at 1650°C of less than 250 poise.
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Figure 12c. The normalizedmajor element compositionsof the points in the
weatheredUpper Freeport Steam Tube la outer deposits that have
calculatedviscositiesat 1650% of greaterthan 250 poise.
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Figure 12d. The normalizedmajor elementcompositionsof the points in the
weatheredUpper Freeport Steam Tube la outer depositsthat have
calculatedviscositiesat 1650°Cof less than 250 poise.
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Figure 13. Cumulativesize distributionsof the inorganicparticleswith
sectioneddiametersbetween I and 100 micronsin the Upper
Freeportunweatheredand weatheredfly ashes.
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Figure 14. The compositiondistributionsof the inorganicparticleswith
sectioneddiametersbetween I and 100microns in the Upper
Freeportunweatheredand weatheredfly ashes.

18



The compositiondistributionof the fly ashes as determinedby CCSEM is
shown in Figure 14. Both fly ashes from the weatheredand unweatheredUpper
Freeport fuels contain mainly iron aluminosilicates,aluminosilicates,and
quartz. The unweatheredfly ash contains higher amountsof these constituents
when comparedwith the weatheredfly ash. Of the minor constituents,the
weathereddeposits containhigher amountsof potassiumaluminosilicate
material, silica-richmaterial,iron-aluminosilicate-richmaterial,and
unknowns.
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