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COAL ASH RESOURCES RESEARCH CONSORTIUM

EXEC_ SUMMARY

The CoalAsh ResourcesResearchConsortium(CARRC, pronounced"cars"),formerly
theWesternFlyAsh Research,Development,and Data Center(WFARDDC), has
continuedfundamentaland appliedscientificand engineeringresearchfocusedon
promotingenvironmentallysafe,economicaluseofcoalcombustionflyash.The new
name was chosentomore appropriatelyreflectthebroadeningscopeofresearch
performedthroughthisconsortiumofmember organizations,scientists,and engineers.
CARRC member organizationsarekey todevelopingindustry-drivenresearchinthearea
ofcoalby-productutilizationand ensuringitssuccessfulapplication,and a team approach
isemphasizedineveryaspectoftheresearcheffort.As inthepast,theCARRC research
taskswereenhancedby a varietyofcomplementaryactivities,includingcoalash research
projectsfundedfromseveraldifferentsources.CARRC researchersalsoparticipatedin
organizationalactivitiesoftheAmericanCoalAsh Association(ACAA) and theAmerican
SocietyofTestingand Materials(ASTM).

CARRC researchersworkedwithmembers toidentifyspecificresearchtopicsofkey
interesttothecoalashindustry.The researchtasksselectedfortheyearincluded
1)CoalAsh PropertiesDatabaseMaintenanceand Expansion,2)Investigationofthe
High-VolumeUse ofFlyAsh forFlowableBackfillApplications,3)Investigationof
HydratedMineralogicalPhasesinCoalCombustionBy-Products,4)Comparisonof
DepartmentofTransportationSpecificationsforCoalAsh Utilization,5)Comparative
LeachingStudyofCoalCombustionBy-Productsand CompetingConstructionMaterials,
6)ApplicationofCCSEM forCoalAsh Characterization,7)DeterminationofTypesand
CausesofEfflorescenceinRegionalConcreteProducts,and 8)SulfateResistanceofFly
Ash Concrete:A LiteratureReviewand EvaluationofResearchPriorities.The efforton
sulfateresistanceofflyashconcretewas cofundedbytheACAA. CARRC researchersalso
worked withregionalconstructionand engineeringcompaniesand alllevelsof
governmentagenciesinpromotingtheutilizationinprovenengineeringand construction
applications.CARRC members were alsoactiveinmany oftheseefforts,includinga
proposedprojecttousehigh-volumeflyashconcreteinroadpavingprojects,useofflyash
concreteinconstructionoftheEnergy& EnvironmentalResearchCenter(EERC) building
additions,and changingUniversityofNorthDakota(UND) concretespecificationsto
includetheuseofflyash.Localcontractorsweregenerallyverycooperativeinthese
efforts,and many goodworkingrelationshipswithassociatedindustrieswereinitiated.

The assembly of a database of information on coal fly ash has been a focus area for
CARRC since its beginning in 1985. This year, CARRC members received an updated run
time version of the Coal Ash Properties Database (CAPD) on computer disk for their use.
The new, user-friendly database management format was developed over the year to
facilitate the use of CAPD by members as well as CARRC researchers. It is anticipated
that this direct access to CAPD by members will be beneficial to each company's
utilization efforts, to CARRC, and to the coal ash industry in general. Many additions
and improvements were made to CAPD during the year, and a three-year plan for
computer database and modeling related to coal ash utilization was developed to guide
both the database effort and the research effort.

ES-I



COAL ASH RESOURCES RESEARCH CONSORTIUM

INTRODUCTION

CARRC Industrial Members

The Coal Ash Resources Research Consortium (CARRC) depends on input from
industrial members to design and develop a research program to address issues of interest
to the coal by-products industry. CARRC members provide financial support to and are
asked to participate in an advisory board to direct CARRC research. Input from CARRC
members also facilitates the development of coal by-product-related research projects. The
1992-1993 members listed below are gratefully acknowledged for their participation and
cooperation in CARRC research tasks and in other Energy & Environmental Research
Center (EERC) efforts:

Brett Admixtures, Inc.
Cooperative Power Association
Nebraska Ash Company
Northern States Power Company
Otter Tail Power Company

CARRC was also funded by the U.S. Department of Energy (DOE) Morgantown
Energy Technology Center (METC) in 1992-1993 through the DOE Jointly Sponsored
Research Program (JSRP) at the EERC. DOE's participation has been highly beneficial to
the CARRC research staff and industrial members by providing matching funds for
industrial contributions, technical input, and a direct link between DOE, utilities, and
marketers.

CARRC Research Staff

The EERC's multidisciplinary approach to the research is well-demonstrated in
CARRC research and related activities. CARRC has the opportunity to draw from the
diverse research staff at the EERC while maintaining a core staff that focuses on coal by-
product utilization and disposal research. Key to this approach is communication among
numerous individuals and groups as well as the coordination of sample identification,
collection, distribution, and data manipulation. The individuals and research groups
primarily responsible for the succ _ss of CARRC are listed below.

Fuels and Materials Science
Steven A. Benson - Senior Research Manager
Bruce A. Dockter- Research Engineer
Kurt Eylands - Research Associate
Erin M. O'Leary - Information Technology Manager
Debra F. Pflughoeft-Hassett - Research Associate
Edward N. Steadman - Research Manager



AppliedChemistry
DavidJ.Hassett-Director

JeffreyA.Forsberg-ResearchChemist
CarolynM. Lfllemoen-ResearchChemist

NorthDakota StateUniversity
GregoryJ.McCarthy- ProfessorofChemistryand Geology

CARRC alsoemploysand trainsgraduateand undergraduatestudentsatthe
UniversityofNorthDakota(UND) and NorthDakotaStateUniversity(NDSU). In
additiontoprovidingvaluableinputtoCARRC researchand relatedactivities,these
studentsareknowledgeableand experiencedincoalby-productutilizationthroughtheir
work withCARRC researchersand members astheymove intotechnicaland professional
careers.CARRC researcherswishtoacknowledgethefollowingstudentsfortheirrolein
advancingCARRC researchduring1992-1993.

Graduateand UndergraduateStudents
J.Solem-Tishmack,GraduateStudent,Soils/EnvironmentalScience,NDSU
J.Bender,GraduateStudent,Chemistry,NDSU
L.Maianu,UndergraduateStudent,Chemistry,NDSU
M. Oseto,UndergraduateStudent,Chemistry,NDSU
J.Knell,UndergraduateStudent,Chemistry,NDSU
J.Kreft,UndergraduateStudent,Geosciences,NDSU
W. Heintz,UndergraduateStudent,MechanicalEngineering,Engineering
Management,UND

I_Kuhl,GraduateStudent,CivilEngineering,UND
W. Gerszewski,GraduateStudent,CivilEngineering,UND
M. Morris,UndergraduateStudent,ChemicalEngineering,UND
B.Bocht,UndergraduateStudent,CivilEngineering,UND
P.Hatton,UndergraduateStudent,Physics,UND
C.Prom,UndergraduateStudent,Accounting,UND
L.Cava,UndergraduateStudent,CivilEngineering,UND
G.Gustafson,UndergraduateStudent,CivilEngineering,UND

SeveralEERC laboratoryfacilitiesand theassociatedtechnicalstaffplayimportant
rolesinperformingCARRC research.The laboratoriesmostcloselyinvolvedinCARRC
researcharelistedbelow.

LaboratoryFacilities
Analytical Research Laboratory
Coal Analysis Laboratory
Coal By-Products Utilization Laboratory
Materials Properties Research Laboratory
Natural Materials Analytical Research Laboratory



REVIEW OF CARRC 1992-1993 ACTIVITIES

CARRC activities focused primarily on research tasks and coal ash utilization
promotional activities. CARRC researchers developed several independent research
proposals to address coal ash-related issues based on input from industry and DOE
representatives. The EERC assembled information and prepared two documents on
"Barriers to Increased Utilization of Coal Combustion/Desulfurization By-Products by
Government and Commercial Sectors" under contract for DOE-METC to assist DOE in its
obligation to Congress in this area. CARRC researchers were instrumental in
accomplishing this effort and worked closely with CARRC members and representatives of
other industrial and governmental groups during the effort. The CARRC research staff
continued to work on American Society for Testing and Materials (ASTM) committees to
develop appropriate standards for coal fly ash in use applications and continued
participation in American Coal Ash Association (ACAA) committee work. Participation
and committee work in these organizations is generically advantageous to the coal ash
industry. The industrial financial support was again matched by the DOE through the
JSRP, and a new option to perform coal ash research projects through CARRC and take
advantage of DOE JSRP funds was initiated. Other coal by-products-related research
projects continued at the EERC funded through various commercial and governmental
organizations. Information gained through all coal by-products-related research adds to
the information base of the CARRC, and ash characterization results are frequently
available for inclusion in the CARRC database.

Research and Laboratory Tasks

The following CARRC research and laboratory tasks were performed and/or
continued in 1992-1993:

• Coal Ash Properties Database Maintenance and Expansion

• Investigation of the High-Volume Use of Fly Ash for Flowable Backfill
Applications

• Investigation of Hydrated Mineralogical Phases in Coal Combustion By-Products

• Comparison of Department of Transportation Specifications for Coal Ash
Utilization

• Comparative Leaching Study of Coal Combustion By-Products and Competing
Construction Materials

• ApplicationofCCSEM forCoalAsh Characterization

• Determination of Types and Causes of Efflorescence in Regional Concrete
Products

• SulfateResistanceofFlyASh Concrete:A LiteratureReviewand Evaluationof
ResearchPriorities
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Publications and Presentations

CARRC researchers published and presented results of CARRC research and other
related research during the year. A list of all CARRC and related publications and
presentations follows. Publications on CARRC research are presented in the "Selected
Publications" section following the CARRC Annual Report. Other publications listed here
may be obtained from the author or the EERC upon request. Additional Topical Reports
are in preparation and will be made available to CARRC members only upon completion.

Bender, J.A. "Quantitative X-Ray Diffraction Analysis ef Advanced Coal Combustion Solid
Residuals and Ettringite Structure Phases," M.S. Thesis, North Dakota State
University, Fargo, ND, 105 p.

Bender, J._; McCarthy, G.J.; Solem, J.K. "Quantitative Analysis of Advanced Coal
Combustion Residuals by the Reference Intensity Ratio Method," Presented at the
Denver Conference on Applications of X-Ray Analysis, Denver, CO, Aug. 3-7, 1992.

Bender, J.A.; Solem, J.K.; McCarthy, G.J.; Oseto M.C.; Knell, J.E. "Quantitative Analysis
of Advanced Coal Combustion Residuals: A Practical Application of the RIR
Method," Adv. X.Ray Anal. 1993, 36, 343-353.

Dockter, B.._ "Fluidized-Bed Combustion Waste: Utilization and Disposal," Presented at
the Electric Power Research Institute Application of Fluidized-Bed Combustion for
Power Generation Conference, Cambridge, MA, Sept. 23-25, 1992.I

Dockter, B.&, Session Chair. "Environmental II," American Coal Ash Association Coal
Ash Symposium Program, Orlando, FL, Jan. 17-23, 1993.

Dockter, B.A.; Manz, O.E. "Economic Feasibility of Producing Mineral Wool Fibers at a
Coal Generation Power Plant," Presented at the American Coal Ash Association Coal
ASh Symposium Program, Orlando, FL, Jan. 17-23, 1993.

Dockter, B.A.; Moretti, C.; Pieper, L.; Bluhm, S. "Development of Laboratory Methods for
Evaluating the Erosion Resistance of Fly Ash-Based Materials," Presented at the
American Coal Ash Association Coal Ash Symposium Program, Orlando, FL, Jan.
17-23, 1993.

Erickson, T.A.; O%eary, E.M.; Folkedahl, B.C.; Ramanathan, M; Zygarlicke, C.J.;
Steadman, E.N.; Hurley, J.P.; Benson, S.A. "Coal Ash Behavior and Management
Tools," Presented at the Engineering Foundation Conference: The Impact of Ash
Deposition on Coal Fired Plants, Solihull, UK, June 20-25, 1993.

Forsberg, J.A.; Hassett, D.J.; Pflughoeft-Hassett, D.F.; Lillemoen, C.M. "Comparative
Leaching for Characterization of Cements and Cement Replacements (Fly Ash),"
Presented at the Pittsburgh Conference, March 8-12, 1993.

Hassett, D.J.; Pflughoeft-Hassett, D.F. "Environmental Assessment of Coal Conversion
Solid Residues," Presented at the American Coal ASh Association Coal Ash
Symposium Program, Orlando, FL, Jan. 17-23, 1993.
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Hassett,D.J.;Pflughoeft-Hassett,D.F.;LiUemoen,C.M. "Long-TermLeachingtoPredict
EnvironmentalImpactsofCoalConversionSolidResidues(CCSRs),"Presentedat
thePittsburghConference,March 8-12,1993.

Manz, O.E. "WorldwideProductionofCoalAsh and UtilizationinConcreteand Other
Products,"PresentedattheAmericanCoalAsh AssociationCoalAsh Symposium
Program,Orlando,FL, Jan.17-23,1993.

Manz, O.E.,SessionChair."InternationalPerspectives,"AmericanCoalAsh Association
CoalASh Symposium Program,Orlando,FL,Jan.17-23,1993.

McCarthy,G.J.;Bender,J.A.;Solem,J.K.;Eylands,K.E. "MineralogicalAnalysisof
AdvancedCoalCombustionSolidResidualsby X-RayDiffraction,"InProceedingsof
the10thInternationalASh Use Symposium;PaloAlto,CA, 1993;ElectricPower
ResearchInstitute;EPRI TR-101774s,pp 58/1-14.

McCarthyG.J.;Hassett,D.J.;Bender,J.A."Synthesis,CrystalChemistryandStabilityof
Ettringite,A MaterialwithPotentialApplicationsinHazardousWaste
Immobilization,"InProceedingsoftheMaterialsResearchSocietySymposium:
AdvancedCementitiousSystems;1992,Vol.245,pp 129-140.

Pflughoef_-Hassett,D.F.,SessionChair."EnvironmentalI,"AmericanCoalAsh
AssociationCoalAsh Symposium Program,Orlando,FL,Jan.17-23,1993.

PflughoeR-Hassett,D.F.;Dockter,B.A.;Hassett,D.J.;Beaver,F.W. "High-VolumeFly
Ash Utilizationand theEffectsofGroundwaterinNorthDakota,"Presentedatthe
AmericanCoalAsh AssociationCoalAsh Symposium Program,Orlando,FL,Jan.
17-23,1993.

PflughoeR-Hassett,D.F.;Hassett,D.J.;Lillemoen,C.M. "ComparativeLeachingof
MidwesternCoalFlyAsh and Cements,"PresentedattheAmericanCoalAsh
AssociationCoalAsh Symposium Program,Orlando,FL,Jan.17-23,1993.

Solem,J.IC;McCarthy,G.J."HydrationReactionsand EttringiteFormationinSelected
CementitiousCoalConversionBy-Products(HighCalciumFlyAsh,Dry FGD Solids
and FBC Residues)," In Proceedings of the Materials Research Society Symposium:
Advanced Cementitious Systems; 1992, Vol. 245, pp 71-79.

Solem-Tishmack, J.K. "Use of Coal Conversion Solid Residuals in Solidification/
Stabilization Technology," M.S. Thesis, North Dakota State University, Fargo, ND,
173 p.

Steadman, E.N.; Eylands, K.E.; Folkedahl, B.C. "Advanced Methods of Ash
Characterization - Using Detailed Characterization Techniques to Predict and
Optimize Ash Utilization Properties," Presented at the American Coal ASh
Association Coal ASh Symposium Program, Orlando, FL, Jan. 17-23, 1993.

Strobel, T.M., Session Chair. "Clean Coal Technology I," American Coal .Ash Association
Coal Ash Symposium Program, Orlando, FL, Jan. 17-23, 1993.



Strobel, T.M.; Eylands, I_E.; Hassett, D.J.; Dockter, B.A.; Pflughoeft-Hassett, D.F.
"Utilization Potentials for Duct Injection Residues," Presented at the American Coal
Ash Association Coal Ash Symposium Program, Orlando, FL, Jan. 17-23, 1993.

Thompson,J.S.;Hassett,D.J."TheUse ofIonExchangetoReduceBackgroundand
SpectralInterferencesintheAnalysisofAnionsby FurnaceAtomicAbsorptionand
InductivelyCoupledArgonPlasmaSpectroscopy,"PresentedatthePittsburgh
Conference,Atlanta,GA, March 8-12,1993.

CARRC researchersworkedwithotherEERC and UND personnel,CARRC member
representatives,representativesofstateand federalagencies,and otherindustrygroups
and representativesinash-relatedeffortsthroughouttheyear.Key activitiesincludedthe
following:

• CARRC researchersworkedwithotherEERC personneltoprovideinformationto
DOE fora reporttoCongresson thebarrierstotheincreasedutilizationofcoal
combustionand desulfurizationby-productsby governmentand commercial
sectors.

• As an organizationalmember ofASTM, CARRC researchersparticipatedinthe
ASTM E50 committeeonEnvironmentalAssessment.CARRC particil:ation
focusedon theE50.03subcommittee'swork on developinga standardguidefor
useofcoalashinstructuralfilland ininitiatinga taskforcetodevelopa
standardcoalash leachingmethod.CARRC ConsultantMr. OscarManz
participatesonASTM committeesC1 on Cement,C7 onLime,C9 on Concrete
and ConcreteAggregates,D18 on Soiland Rock,and D34 on Waste Management
and keepsCARRC researchersabreastoftheactionsofthesecommittees.
CARRC planstoextenditsvotingmembershiptoincludeseveralofthese
committees.

• CARRC maintaineditsassociatemembershipinACAA and continuedto
participateinquarterlyworkshopsand committeemeetingsthroughouttheyear.

• CARRC researchers worked with UND and EERC administrators to initiate
several fly ash concrete projects on the UND campus.

• CARRC researchersparticipatedina preliminaryefforttoform a coalash
promotionalgroupinDOE Region8.

• A ShortCourseentitled"CoalAsh Behaviorand Deposition"was presentedin
conjunctionwiththeACAA TenthCoalASh Symposium,on January22,1993,in
Orlando,Florida.Thisshortcourseincludedpresentationsby CARRC
researchersoncoalashutilization,disposal,and relatedenvironmentalissues.
Similarshortcoursesareplannedfor1993-1994undertheEERC-DOE
CooperativeAgreement.

• The EERC was awarded a contract to perform a white paper study on the use of
coal ash in waste solidification and stabilization.



• CARRC members and researchers worked in conjunction with local contractors to
obtain permission to place high-volume fly ash concrete pavement in road work
in Grand Forks, ND. Grand Forks city engineers, North Dakota District
Department of Trvnsportation (DOT) engineers, and North Dakota State DOT
offi,:ials agreed that the project had merit; however, because of inflexibihty _u the
project schedule and the time frame of the request, the project was not
performed. CARRC researchers plan to continue to communicate with state DOT
officials to develop a successful high-volume fly ash concrete paving project.

SUMMARIES OF RESEARCH AND LABORATORY ACTIVITIES

Coal Ash Properties Database Maintenance and Expansion

Formerlyknown astheWesternFlyAsh Database,theCoalAsh Properties
Databasehas undergonesignificantdevelopmentduringtheyear.The name hasbeen
changedtoreflectthenew name oftheresearchgroup(CARRC) and todistinguishthe
extendednatureofthedatabase.The databaseisno longerlimitedtowesterncoalsand
flyash samples,butincludesinformationon flyash and othercoalcombustionby-
productsfromaroundtheworld.The primarysourcesofsamplesand informationarethe
UnitedStatesand Canada.

The developmenteffortsthisyearfocusedon creatinga databasemanagement
systemforinteractivequeryand retrievalsessions.A user-friendly,menu-driven
applicationwas designedforthedatabase.Interactivescreensenabletheusertoviewthe
informationina varietyofformats.Statisticalinformationcan begenerated,and
informationcan bedownloadedforuse inreportsorothercomputerprograms.The
applicationhas beenattachedtoa run-timeversionofthedatabasemanagement system
asan executableversionand distributedon floppydiskstoCARRC members foroperation
on personalcomputers.A usermanual was writtenand distributedwiththedatabaseto
CARRC members.

The database was enlarged with the addition of over 100 sarnples and currently
contains the physical, chemical, and mineralogical characteristics on more than 700
samples. Advanced characterization analysis was performed on a select group of samples.
This information will be used to expand the database in the future.

In other database activities, we have initiated an internal tracking system for
laboratory analysis to enable us to add samples to the database that are generated at
EERC in related projects. Also, we are working on a system for gathering analytical
information that is produced outside of EERC for inclusion in the database.

Investigation of the High-Volume Use of Fly Ash for Flowable 1,3ackfill
Applications

The laboratory phase of this task to develop and compare mix designs for controlled
low-strength materials was completed and presented to CARRC members. A Topical

! Report is in preparation and will be distributed to CARRC members in 1994.
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Investigation of Hydrated Mineralogical Phases in Coal Combustion By-
Products

The overall objective of this research is to investigate the formulation, fabrication,
and characterization of as-generated and compositionally modified coal residuals with a
goal of increased utilization for engineered structures and in hazardous waste disposal.
The specific objectives of the screening study are 1) to determine the baseline behavior of
a selected group of Coalresiduals and explore compositional modification to improve
behavior; 2) to describe the workability of the pastes during fabrication and determine the
strength of the solidified residues and the amount of expansion during curing (potentially
from the formation of ettringite); 3) to describe the crystal morphology and microstructure
relevant to the hydration reactions (ettringite and C-S-H formation) and to
immobilization of hazardous oxyanions; 4) to determine the amount of hydration products ,
that form over time in as-generated and compositionally modified residuals.

Ettringite forms in cementitious systems any time materials contain high levels of
calcium and sulfate, create a solution pH of about 12, and include aluminum that can be
solubilized at these pHs. These conditions are met in the case of some of the residuals
from coal combustion by conventional processes, by most of the newer "clean co.'d"(i.e.,
fluidized-bed combustion) processes, and by some flue glass desulfuriration rosiduals.
These are collectively referred to as coal combustion solid residuals (CCSRs_, Utilization
of these residuals for engineered structures or hazardous waste disposal is a promising
alternative to landfill disposal.

Previous investigations at the EERC and NDSU have demonstrated that
crystallizing ettringite incorporates hazardous element oxyanions such as SeO4, CrOo
B(OH)4 and AsO_, which are the more mobile species of hazardous elements in coal
residuals. Many of these cementitious residuals show promise for use in hazardous solid
waste disposal. In another project, mineralogy, microstructure, and microchemistry
development over time in the cores excavated from the three field test cells are being
studied.

We report here the results of two multiinvestigator projects involving formulation
and curing of CCSR-based test materials, strength and expansion tests on these
materials, crystalline-phase and microstructure characterization, and leaching tests on
boron- and selenium-spiked materials. In the first project, the extent of ettringite
formation in ten CCSRs and four cements was surveyed. In the second project, selenium
and boron were spiked into the mixing water used to solidify four of these CCSRs, and a
leaching test was performed after 91 days of curing. This research was co-funded by the
Gas Research Institute and DOE, whose principal interest was in the boron and selenium
immobilization research. Work performed over a 3-year period was completed during the
spring of 1993. Initial results were described in the previous annual report. The research
formed part of the M.S. theses of Jody K. Solem-Tishmack and Jason A. Bender, which
are available on request.

Selected CCSRs and four cc__mercial cements, as listed in Table 1, were hydrated
under specific water-to-solid (w:s) ratios. The amount of ettringite formed after 91 days of
room-temperature curing in a sealed container was determined by two separate
quantitative XRD protocols developed during the course of this study (Table 1).
Development and applications of these protocols were described in the previous annual



TABLE 1

Ettringite Formation in Hydrated CCSRs

% Ettringite aider 91 Days

Hydrated CCSR w:s Protocol 1" Protocol 2b

Fly Ash
Wyoming Subbituminous 0.35 6 6

0.65 7 6
North Dakota Lignite (low-Na) 0.25 9 9

0.35 5 2
North Dakota Lignite (high-Na) 0.53 24 23
Texas Lignite 0.24 4 1
Pennsylvania Bituminous 0.30 0 0

FGD Residual
Unconditioned 0.40 22 20

0.50 18 18
Conditioned 0.30 14 19

AFBC Residuals
Kentucky Bituminous Spent Bed 0.35 2 1
Kentucky Bituminous Fly Ash/Char 0.50 24 22

0.60 30 24
Colorado Bituminous Fly Ash 0.63 18 14

0.85 19 16

LIMB Residual 0.80 31 29

a Results from a mixed peak height/peak area method.
b Results from an advanced profile-fit peak area method.

report. Except for the high-sodium North Dakota lignite fly ash, the pulverized coal fly
ashes formed only minor amounts of ettringite, because their chemical compositions were
sulfate-limited. The high-sodium ash was also high in sulfate (crystalline sodium sulfate
was observed by x-ray diffraction analysis [XRD]), so this ash formed more ettringite. The
Pennsylvania bituminous coal fly ash did not meet the criteria for formation of ettringite
and was included only as a control sample. The flue gas desulfurization residual, the fly
ash from the atmospheric fluidized-bed combustion processes, and the limestone injection
multistage burner (LIMB) sorbent injection residue formed moderate amounts (15%-30%)
of ettringite.

Based on the initial survey of ettringite formation, a more comprehensive screening
study was designed. In addition to evaluating the immobilization potential for Se and B
in CCSRs, additional tests (supported by cofunding) of expansion on curing and
compressive strength were performed. Four of the CCSRs from the previous study were
selected for further evaluation. The selection was based on the availability of these
materials from operating power plants. The four CCSRs were as follows:



• High-calciumflyashfroma midwesternU.S.powerplantburningPowderRiver
Basin,Wyoming, subbituminouscoal.Thismaterialistypicalofhigh-calcium
ashes.

• North Dakota lignite low-sodium fly ash, which exhibits slow strength
development itself, but is an effective pozzolan (_uaterial that develops strength
on hardening when activated by alkali) in concrete.

• A flue gas desulfurization (FGD) residue from a midwestern U.S. power plant
burning Montana subbituminous coal. This plant uses a dry scrubber process
that results in calcium sulfite hydrate instead of the more conventional calcium
sulfate hydrate as the scrubber residual.

• An atmosphericfluidized-bedcombustion(AFBC) flyashfroman easternU.S.
commercialpowerplantusinga bituminouscoalsource.Some fineunburned
coalresidue(char)isincludedw :ththefineflyash.

StandardASTM methodswereusedforfabricationand testing:CCSR-water
mixing,ASTM C305;pasteflowdetermination,ASTM C230;pastecuring,ASTM C511;
mortarbarpreparation,ASTM C151;compressivestrength,ASTM C109. Specimenswere
fabricatedintocubesand curedfor7,28,and 91 daysat70°Finconstanthumidity
relativehumidityapproximately100%).A plainsamplewithoutany addedseleniumand
boronwas prepared.Forthespikedspecimens,selenium(addedbothassodiumselenite
and selenite)and boron(addedassodiumborate)wereincludedinthemixingwater.
Table2 givestheselenium(Se)and boron(B)concentrationsintheoriginaldryCCSR
and thehydratedsolidafterthespikedmixingwaterwas incorporatedintothepaste.

Specimenscuredfor91 dayswereground(<0.3mm) and leachedata water-to-solid
ratioof20:1withdeionizedwater.Sample bottleswereinvertedat45 rpm for18hours.
The vigorousgrindingand agitationstepsweredesignedtoensurethattherewouldbe
littleorno contributiontoimmobilizationfromhavingtesteda monolithicsolid.

ConcentrationsofSe and B intheleachatesarelistedinTable2. InTable3,this
concentrationhas beenconvertedtoa percentofthetotalSe orB extractedduringthe
leachingtest.Table3 alsogivestheextentofexpansionduringcurir,g,compressive
strengthofthecubes,and thepercentofettringiteformedinthecuredsolids,as
determinedbyquantitativeXRD analysis.

Some of the key observations from these tests follow:

• Expansionon curingthepasteswas significantonlyfortheFBC ash,where
almost3% expansionwas observed.Incontrast,theplainFGD specimen
actuallyshoweda measurablecontractionon curing.

• AllfourCCSR pasteswereself-hardening;91day compressivestrengthsranged
fromabout650 psi(4.5MPa) fortheFBC ashtomore than4,000psi(28MPa)
forthehigh-calciumflyash.
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TABLE 2

Selenium and Boron Concentrations in Plain and

Spiked CCSRs and in the Leachate

Original Total after
CCSR, mg/kg Spiking,m_g LeachateConcentration,mg/L

Selenite Selenate Borate

CCSR Se B Se B Spike Spike Spike

Subbituminous

FA 12.5 1232 413 2032 0.64 2.20 1.40

Lignite

FA 13.7 1829 414 2629 0.18 2.60 2.40

FGD 7.6 1352 408 2152 .... 0.65 0.49

AFBC 7.7 441 408 1241 0.04 2.90 0.25

• AllCCSRs formedettringiteon hydration,rangingfromabout5% ettringite
forthetwo flyash pastestomore than30% fortheAFBC flayashpaste,
ai%er91 daysofcuring.

• Boratewas theoxyanionmost readilyimmobilizedinthehardenedpastes;
theselenite(SeO23)-spikedpasteshad more immobileseleniumthanthe
selenite(SeO24)-spikedpastes.

• When ettringiteformationinthecuredpastesexceeded20%,boronwas 99%
immobilizedaccordingtotheleachingtest;evenwithonlyminor(6-10%)
ettringiteformation,betterthan93% oftheseleniumaddedasseleniteand
70% oftheseleniumaddedasselenitewereimmobilized.

Theseresultsareconsistentwiththeconclusionthatettringiteformationhas
providedgoodSe and excellentB immobilization,atleastforthedurationoftheleaching
test.

Comparison of Department of Transportation Specifications for Coal Ash
Utilization

One of the primary obstacles to fully capitalizing on the engineering properties of
coal ash resources has been the lack of understanding of or familiarity with the different
applications appropriate for coal ash. Understanding the properties of coal ash allows the
design engineer to determine the best alternatives when prescribing material
specifications. However, because of lack of resources, namely, time and funding, most
transportation engineers cannot properly research all the current technologies for coal ash
utilization. The primary objective of this task is to present a state-by-state comparison of
DOT specifications governing the use of coal combustion residues. This compilation will
allow transportation and materials engineers to become familiar with other department

11



i i_ , m

TABLE 3

MortarBar Expansion,UnconfinedCompressiveStrength,
XRD EttringiteFormation,and ExtractedSe orB

Compressive Extracted
Expansion, % Stren_h, psi Ettringite, % Se/B, %

CCSR
Spike 91 d 7d 28 d 91 d 7 d 28 d 91 d 91 d

High-Calcium WY Subbituminous Coal pc Fly Ash (w:s = 0.25; 80% ash)

Plain 0.00 3155 3735 3890 7 6 6

Selenite 0.01 3090 2700 383_ 7 9 8 6.2

i Selenate 0.01 4723 4350 3190 7 7 4 21.3Borate 0.05 3055 3670 4445 15 12 11 2.8

ND Lignite (low-Na) pc Fly Ash (w:s = 0.17; 86% ash)

Plain 0.01 570 590 1840 6 6 5
Selenite 0.00 625 460 1970 7 7 6 1.7

Selenate --- 430 750 1225 4 9 6 25.1

Borate 0.04 755 925 4120 7 7 6 3.7

Dry Scrubber Ash/MT Subbituminous Coal (w:s = 0.45; 69% ash)

Plain -0.12 230 415 670 20 19 22

Selenite --- 265 410 --- 20 18 ......

Selenate --- 275 605 655 22 22 21 6.4

Borate 0.01 555 720 845 21 27 26 0.9

AFBC Fly Ash/Bituminous Coal (w:s = 0.45; 69% ash)

Plain 2.86 520 1120 1245 15 20 32

Selenite --- 360 875 1355 11 21 28 0.4

Selenate 2.66 290 860 1455 12 21 21 28.5

Borate 2.88 220 585 1060 12 27 33 0.8

practices in the field of coal ash utilization. It is anticipated that technology development
efforts may be reduced through this work.

A survey letter was sent to all highway department offices in the United States and
Canada in August 1992. Specifications on the use of coal by-products in their construction
procedures were requested. There were three main specification categories:
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• Physical and chemical coal by-product specifications
• Applications using coal by-products and the corresponding specifications
• Quantities of by-products allowed in each application

The response to the survey was excellent. The information obtained is presented in
two separate formats. First, a series of tables is presented to allow a quick reference to
specific areas and comparison of the different specifications. This facilitates evaluat'.'_n of
regulations and experiences in coal ash utilization by state or province. The second
format is a text format presented for each individual state or province. The second format
provides more detailed information concerning mix designs and departmental preferences
and further clarifies application procedures. Both methods are intended to be used as a
means for basic comparison, not as a comprehensive design manual.

The task has been completed, and a draft topical report has been prepared. Copies
of the report have been sent to all transportation departments that participated in the
survey. The information collected was updated during the course of the DOE barriers
study performed by the EERC, so the tooical report is being revised with editorial changes
and will be available to CARRC members during the next year. Future work in this area
will include regular updates to follow changes in transportation department practices as
new technologies are explored and brought into use by transportation agencies.

Comparative Leaching Study of Coal Combustion By-Products and
Competing Construction Materials

This activity focuses on the comparative leaching of coal combustion by-products and
competing construction materials. The objective of the task is to provide leaching
information on a wide variety of competing materials in the marketplace, allowing
equitable evaluation of materials that may not be subject to the same environmental
evaluation as coal combustion by-products. Examples of these materials are cement,
aggregates, and a variety of fill materials. Several leaching procedures will be used, and
this information, combined with the information already available from other EERC
studies, will allow generalized statements of appropriateness of leaching procedures for
utilization or disposal. It is anticipated that the scope of the task may be expanded to
include leaching of products containing coal combustion by-products. Regional materials
were selected for the first phase of this task.

During 1992-1993, comparative short- and long-term leaching experiments were
completed on four regional, commercially available cements and four coal fly ash samples
submitted from CARRC members. An appropriate suite of parameters, including the
Resource Conservation and Recovery Act (RCRA) elements, was selected for evaluating
the leachates from these experiments. Comparisons of the leaching results from coal fly
ash samples and cements were presented for the ACAA Tenth International Ash
Symposium. The formal cite for this paper is included in the List of Selected
Publications section of this report. Short-term leaching results only were included in this
paper to meet the submitted deadline. A graphical presentation of leaching results made
to highlight key points was presented at the 1993 CARRC Annual Meeting. Results of the
first phase of this task provide some specific examples of coal fly ash and cement that can
be directly compared. A topical report of this phase of the task is in preparation and will
be distributed to CARRC members in 1994.
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During 1993-1994, the leaching information and all other characterization
information on the coal fly ash s_nples will be placed into the Coal Ash Properties
Database. Additional work proposed for 1993-1994 includes the leaching of concrete
samples containing one of the cements from the first phase and each of the coal fly ash
samples.

Application of CCSEM for Coal Ash Chm.'acterization

Automated scanning electron microscope/microprobe techniques are effective tools for
the characterization of complex materials such as co_d and coal ash. Computer-controlled
scanning electron microscopy (CCSEM) is used to cbaracterize unaltered coal samples and
inorganic combustion products. A computer program is used to locate, size, and analyze
particles. Because the analysis is automated, a large number of particles can be analyzed
quickly and consistently. The heart of the CCSEM analysis system is an annular
backscattered electron detector (BSE). The BSE system is used because the coefficient of
backscatter (the fraction of the incoming beam that is backscattered) is proportional to the
square root of the atomic number of the scattering atoms. This permits a high degree of
resolution between sample components based on their atomic numbers. This means that
ash particles can be easily discerned from the epoxy matrix. Brightness and contras"
controls are used to optimize threshold levels between the coal matrix and mineral grains
or fly ash particles. When a video signal falls between these threshold values, a particle
is discerned and the particle center located. A set of eight rotated diameters about the
center of the part_,cleare measured, and the particle area, perimeter, and shape are
calculated. The beam is then repositioned to the center of the particle, and an x-ray
spectrum is obtained. The information is then stored to a transportable file for data
reduction and manipulation on a PC. The CCSEM data provide quantitative information
concerning not only the mineral types present, but their size and shape characteristics as
well. Since the same analysis can be performed on the initial coal and resultant fly ash,
direct comparisons can be made and inorganic transformations inferred.

CCSEM techniques provide valuable information, but this information can be even
more useful when evaluated in conjunction with morphological observations and chemical
analysis of the microstructural features of the material. This is performed using the SEM
manually to scan across the samples. Imaging and elemental mapping can be performed.

It has long been known that coal fly ash particle size and surface area have a strong
impact on the reactivity of these materials. Since CCSEM results indicate the particle
size and the associated chemical composition of the various size fractions, it was proposed
to perform a screening study to determine if correlations between the CCSEM results and
various physical behaviors of coal fly ash could be made. Preliminary work included the
selection of four coal fly ash samples that had been well characterized. The samples
selected were used in the comparative leaching task. CCSEM analysis and morphologic
observations were performed on each sample. The results are presented in Tables 4-7.

Tables 4-7 are the summary pages of CCSEM data. The mineral area data in the
parameter summary are most useful for analysis of mineral matter in coal. For coal by-
product samples (e.g., fly ash), this information is not important except to know that a
wide variety of particle sizes have been analyzed. Large particles fill the screen at high
magnifications and cannot be sized or chemically typed. For coal by-product analyses, the
total number of points analyzed is important. The more points analyzed, the more
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TABLE 4

Summary of CCSEM Results- Fly Ash #i

SUMMARY OF PARAMETERS

TOTAL MINERAL AREA ANALYZED AT HIGH MAG = 3289.1
NORMALIZED AREA ANALYZED AT HIGH MAG = 456943.8
MINERAL AREA ANALYZED INTERMEDIATE MAG = 42522.5
NORMALIZED AREA ANALYZED INTERMEDIATE MAC- = 298607.8
TOTAL MINERAL AREA ANALYZED AT LOW MAG = 52598.6
NUMBER OF FRAMES AT HIGH MAG - 41
NUMBER OF FRAMES AT INTERMEDIATE MAG = 76
NUMBER OF FRAMES AT LOW MAG = 23
TOTAL NUMBER OF POINTS ANALYZED = 2024
_ER OF POINTS UNDER THRESHOLD = 6

WEIGHT PERCENT ON A MINERAL BASIS
1.0 2.2 4.6 10.0 22.0 46.0
TO TO TO TO TO TO TOTALS
2.2 4.6 10.0 22.0 46.0 100.0

QUARTZ 2.3 4.3 1.3 1.5 .7 .3 10.3
IRON OXIDE .1 .3 .4 .2 .0 .0 1.0
PERICLASE .0 .0 .0 .0 .0 .0 .0
RUTILE .1 .0 .0 .0 .0 .0 .1
ALUMINA .0 .0 .0 .0 .0 .0 .0
CALCITE .0 .0 .2 .0 .1 .0 .3
DOLOMITE .0 .0 .1 .4 .2 .0 .8
ANKERITE .1 .0 .0 .2 .0 .0 .3
KAOLINITE .1 .0 .1 .1 .0 .0 .3
MONTMORILLONITE .2 .1 .0 .0 .1 .0 .4
K _ILICATE .9 3.1 2.7 1.6 .5 .6 9.4
FE _ILICATE .0 .2 .0 .1 .1 .0 .4
CA AL-SILICATE 6.7 9.2 5.1 1.5 .6 .0 23.0
NA _ILICATE .0 .0 .0 .0 .0 .0 .0
ALUMINOSILICATE .0 .1 .1 .3 .2 .0 .6
MIXED AL-SILICA .5 .6 .2 .0 .0 .0 1.2
FE SILICATE .0 .0 .0 .0 .1 .0 .1
CA SILICATE .8 .3 .5 .2 .1 .7 2.7
CA ALUMINATE .0 .0 .0 .0 .0 .0 .0
PYRITE .0 .0 .0 .0 .0 .0 .0
PYRRHOTITE .0 .0 .0 .0 .0 .0 .0
OXIDIZED PYRRHO .1 .0 .0 .0 .0 .0 .1
GYPSUM .0 .1 .1 .0 .0 .0 .3
BARITE .1 .0 .1 .0 .0 .0 .1
APATITE .0 .0 .0 .0 .0 .0 .0
CA ALP .0 .0 .0 .0 .0 .0 .0
KCL .0 .0 .0 .0 .0 .0 .0
GYPSUIVI/BARITE .0 .0 .0 .0 .0 .0 .0
GYPSUM/AL-SILIC .4 1.8 .8 .3 .0 .0 3.2
SI-RICH 2.5 3.4 3.1 1.6 .7 .0 11.2
CA-RICH .0 .0 .2 .1 .0 .0 .3
CA-SI RICH .3 1.1 .3 .6 .1 .0 2.5
UNKNOWN 6.4 10.3 8.1 4.8 1.6 .0 31.2

TOTALS 21.5 34.8 23.7 13.5 5.0 1.6 100.0
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TABLE 5

Summary of CCSEM Results- Fly Ash #2

SUMMARY OF PARAMETERS

TOTAL MINERAL AREA ._NALYZRD AT HIGH MAG = 3609.6
NORMALIZED AREA ANALYZED AT HIGH MAG = 640423.3
MINERAL AREA ANALYZED INTERMEDIATE MAG = 31989.4
NORMAL_D AREA ANALYZED INTERMEDIATE MAG = 359898.6
TOTAL MINERAL AREA ANALYZED AT LOW MAG = 202309.1

NIYMBER OF FRAMES AT HIGH MAG = 67
NUMBER OF FRAMES AT INTERMEDIATE MAG = 99
NUMBER OF FRAMES AT LOW MAG = 48
TOTAL NUMBER OF POINTS ANALYZED = 2251

NUMBER OF POINTS UNDER THRESHOLD -- 47

_ WEIGHT PERCENT ON A MINERAL BASIS
1.0 2.2 4.6 10.0 22.0 46.0
TO TO TO TO TO TO TOTALS
2.2 4.6 10.0 22.0 46.0 100.0

QUARTZ 15.4 6.6 2.4 4.1 4.2 2.2 34.8
IRON OXIDE .8 .0 .0 .2 .0 .0 1.0

E RICLASE .0 .0 .0 .1 .0 .0 .1
RUTILE .0 .4 .0 .0 .1 .0 .5
,.kLUMINA .0 .0 .0 ,0 .0 .0 .0
CALCITE .0 .0 .1 .0 .2 .0 .3
DOLOMITE .0 .7 .6 .1 .0 .0 1.4
ANKERITE .0 .0 .0 .0 .0 .0 .0
KAOLINITE .2 .3 .3 .4 .8 .7 2.6
MONTMORILLONITE .1 .1 .0 .0 .2 .0 .4
K AL--SILICATE .0 .0 .0 .1 .1 .0 .2
FE bJ.,-SILICATE .0 .0 .1 .1 .0 .4 .5
CA AL-SILICATE 3.4 2.4 1.6 2.0 1.2 .5 11.0
NA AL-SILICATE .3 .1 .3 .8 .2 .0 1.8
ALUMINOSILICATE .1 .0 .1 .0 .4 .0 .6
MIXED AL-SILICA .3 .4 .0 .8 .1 .0 1.7
FE SILICATE •1 .0 .0 .0 .0 .0 .1
CA SILICATE 1.0 .9 .7 1.3 .7 .7 5.2
CA ALUMINATE .8 1.5 2.4 1.3 .2 .0 6.2
PYRITE .0 .0 .0 .0 .0 .0 .0
PYRRHOT1TE .0 .0 .0 .0 .0 .0 .0
OXIDIZED PYRRHO .1 .0 .0 .0 ,0 .0 .1
GYPSUM .0 .0 .0 .0 ,0 .0 .0
BARITE .0 .0 .0 .0 ,0 .0 ,0
APAT1TE .0 .0 .0 .0 ,0 .0 .0
CA AL-P .0 .2 .0 .0 .1 .0 .3
KCL .0 .0 .0 .0 .0 .0 .0
GYPSUM/BARITE .0 .0 .0 .0 .0 .0 .0
GYPSI.YM/AL-SILIC .8 .6 .2 .0 .0 .0 1.7
SI-RICH .3 .4 .4 .3 .2 .2 .7
CA-RICH .1 .2 .6 .6 .3 .2 1.9
CA---SI RICH .0 .3 .0 .2 .3 .2 1.1
UNKNOWN 7.7 6.7 4.3 3.5 2.0 .4 24.6

TOTALS 31.5 21.8 14.2 15.7 11.4 5.3 100.0
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TABLE 6

Summary of CCSEM Results - Fly Ash #3

SUMMARY OF PARAMETERS

TOTAL MINERAL AREA ANALYZED AT HIGH MAG = 4216.9
NORMALIZED AREA ANALYZED AT HIGH MAG = 722999.9
MINERAL AREA ANALYZED INTERMEDIATE MAG = 37898.0
NORMALIZED AREA ANALYZED INTERIdEDIATE MAG = 399724.9
TOTAL MINERAL AREA ANALYZED AT LOW MAG = 80387.8
NUMBER OF FRAMES AT HIGH MAG = 65
NUMBER OF FRAMES AT INTERMEDIATE MAG - 99
NUMBER OF FRAMES AT LOW MAG = 45
TOTAL NUMBER OF POINTS ANALYZED = 2258
NUMBER OF POINTS UNDER THRESHOLD = 17

WEIGHT PERCENT ON A MINERAL BASIS
1.0 2.2 4.6 10.0 22.0 46.0
TO TO TO TO TO TO TOTALS
2.2 4.6 10.0 22.0 46.0 100.0

QUARTZ 15.2 12.6 2.6 2.0 1.2 .0 33.7
IRON OXIDE .3 .0 .I .0 .0 .0 .4
PERICLASE .0 .0 .0 .0 .0 .0 .0
RUTILE .0 .0 .0 .4 .0 .0 .4
ALUMINA .0 .1 .0 .0 .0 .0 .1
CALCITE .0 .I .5 .4 .2 .0 1.2
DOLOMITE .1 .1 .5 .1 .0 .0 .8
ANKERFrE .0 .0 .1 .2 .0 .0 .2
KAOLINITE .1 .0 .0 .2 .1 .0 .4
MONTMORILLONITE .0 .0 .0 .0 .0 .0 . .0
K _ILICATE .0 .0 .0 .2 .0 .0 .2
FE _ILICATE .0 .0 .0 .0 .0 .0 .0
CA _ILICATE 2.0 3.5 3.4 3.6 1.2 .0 13.7
NA _ILICATE .0 .0 .0 .I .0 .0 .I
ALUMINOSILICATE .0 .0 .0 .2 .0 .2 .4

MIXED AL-SILICA .1 .2 .0 .0 .1 .0 .4
FE SILICATE .0 .0 .0 .0 .0 .0 .0
CA SILICATE .5 .7 1.1 1.9 .6 .0 4.8
CA ALUMINATE .5 1.2 .7 .6 .1 .0 3.1
PYRITE .0 .0 .0 .0 .0 .0 .0
PYRRHOTITE .0 .0 .1 .0 .0 .0 .1
OXIDIZED PYRRHO .0 .0 .0 .0 .0 .0 .0
GYPSUM .1 .1 .1 .0 .0 .0 .4
BARITE .0 .0 .0 .0 .0 .0 .0
APATITE .0 .0 .0 .0 .0 .0 .0
CA AI_P .0 .0 .0 .0 .0 .0 .0
KCL .0 .0 .0 .0 .0 .0 .0
GYPSUM/BARITE .0 .0 .0 .0 .0 .0 .0
GYPSUM/_ILIC 2.3 2.1 .5 .7 .2 .2 6.0
SI-RICH .3 .7 .4 .4 .1 .0 1.9
CA-RICH .0 .1 .5 .3 .3 .0 1.2
CA-SI RICH .2 .2 .1 .6 .3 .0 1.3
UNKNOWN 8.2 8.1 5.6 5.5 1.1 .7 29.2

TOTALS 30.0 29.8 16.2 17.3 5.6 1.0 100.0
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TABLE 7

Summary of CCSEM Results- Fly Ash #4

SUMMARY OF PARAMETERS

TOTAL MINERAL AREA ANALYZED AT HIGH MAG = 4126.0
NORMALIZED AREA ANALYZED AT HIGH MAG = 656872.6
MINERAL AREA ANALYZED INTERMEDIATE MAG = 29523.8
NORMALIZED AREA ANALYZED INTERMEDIATE MAG = 311399.0
TOTAL MINERAL AREA ANALYZED AT LOW MAG = 108515.5
NUMBER OF FRAMES AT HIGH MAG = 70
NUMBER OF FRAMES AT INTERMEDIATE MAG = 99
NUMBER OF FRAMES AT LOW MAG = 45
TOTAL NI_ER OF POINTS ANALYZED = 2151
NUMBER OF POINTS UNDER THRESHOLD = 37

WEIGHT PERCENT ON A MINERAL BASIS
1.0 2.2 4.6 10.0 22.0 46.0
TO TO TO TO TO TO TOTALS
2.2 4.6 10.0 22.0 46.0 100.0

QUARTZ 13.7 6.4 1.6 2.0 3.2 .4 27.2
IRON OXIDE .4 .6 .2 .8 .0 .0 2.0
PERICLASE .0 .0 .0 .0 .0 .0 .0
RUTILE .0 .0 .0 .0 .0 .0 .0
ALUMINA .0 .0 .0 .0 .0 .0 .0
CALCITE .0 .0 .0 .0 .0 .0 .0
DOLOMITE .1 .0 .5 .1 .0 .0 .7
ANKERITE .0 .0 .0 .0 .0 .0 .0
KAOLINITE .2 .2 .2 .8 .5 .2 2.1
MONTMORILLONYI'E .0 .1 .0 .0 .0 .0 .2
K AL--SILICATE .0 .0 .0 .0 .1 .0 .1
FE AL-SILICATE .0 .0 .0 .0 .0 .0 .0
CA _ILICATE 1.1 1.6 .7 .4 1.0 .0 4.9
NA _ILICATE .8 1.1 1.5 1.5 .7 .0 5.7
ALUMINOSILICATE .0 .0 .0 .0 .5 .0 .6
MIXED AL--SILICA .4 .4 .2 .0 .2 .0 1.2
FE SILICATE .1 .0 .0 .0 .0 .0 .1
CA SILICATE .0 .4 .2 .2 .3 .0 1.1
CA ALUMINATE .6 2.9 3.2 2.0 .1 .0 8.7
PYRITE .0 .0 .0 .0 .0 .0 .0
PYRRHOTITE .0 .0 .0 .0 .0 .0 .0
OXIDIZED PYRRHO .0 .0 .0 .0 .0 .0 .0
GYPSUM .1 .3 .1 .0 .0 .0 .5
BARITE .0 .0 .1 .0 .0 .0 .1
APATITE .0 .0 .0 .0 .0 .0 .0
CA AL-P .0 .0 .0 .0 .0 .0 .0
KCL .0 .0 .0 .0 .0 .0 .0
GYPSUM/BARITE .0 .0 .0 .0 .0 .0 .0
GYPSUM/AL-SILIC 1.5 1.6 .3 .3 .1 .0 3.8
SI-RICH .5 1.0 .4 .8 .2 .0 2.9
CA-RICH .1 .0 .2 .5 .0 .0 .7
CA-SI RICH. .0 .3 .2 .4 .1 .0 1.0
UNKNOWN 11.5 12.6 5.4 4.6 2.4 .0 36.5

TOTALS 31.3 29.5 14.9 14.4 9.3 .6 100.0
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statisticallyvalidthedatabecomes.Ofmost importanceisthetablewhichsummarizes
theweightpercenton a mineralbasis.Thesedatarelateparticlesizetochemistry.The
firstcolumnontheleRliststhemineralsorimportantchemicalrelationshipsdefinedin
theprogram.The firstcolumnofnumbers ontheleRshowsthenormalizedweight
percentofthemineralsorphasestestedforinthesizerangeof1.0to2.2micrometers.
For example,inTable4,21.5%oftheparticlesanalyzedwereofthesizebetween1.0to
2.2mic_ns. Thc phasecalciumaluminum-silicatewas identifiedthemostoRen inthis
range(6.7wt%). The unknown portionwas nextat6.4wt%. The unknown category
simplymeans thatthechemicalanalysesoftheparticledidnotmatch any ofthecriteria
setforthosephaseslisted.Thisiscommon forashanalyseswithlargeamountsof
amorphousmaterialthatcanhavean extremelyvariablechemicalcomposition.The raw
datacanbe reviewedforthosephasesidentifiedasunknown and new phasescanbe
searchedfor.Inaddition,itispossiblefortwo ormore phasestobeanalyzedatonce
usingthistechnique.Rm_iewoftheraw datacanpotentiallyclarifythisscenario.This
canhappenwhen two separatephasedparticlesareadjacenttoeachotherand bothare
analyzedatthesame time.Agglomeratedparticlestendtobeclassifiedasunknowns for
thisreason.The restofthecolumnsgivetheweightpercentofeachphasefoundinthat
sizerange.The "Totals"columnon thefarrightgivestheweightpercentsum ofthe
particlesforeachmineralphase.Thisisnormalizedto100%,meaningalloftheparticles
analyzedmake up 100% ofthesample.

The resultspresentedherewillalsobeplacedintheCoalAsh PropertiesDatabase
intheformatshown here.During1993-1994,preliminarystatisticalevaluationsofthese
resultswillbemade.

Determination of Types and Causes of Efflorescence in Regional Concrete
Products

The primaryobjectiveofthistaskistodeterminespecificallywhat causes
efflorescenceand iftheadditionofhigh-calciumflyashorothermaterialscanreduceor
alleviatetheoccurrenceinconcreteproducts.Additionally,itwillbedeterminedifquality
controlmonitoringofingredientsinvariousmixescan beusedtoeliminatecontaminated
ornonspecificationmaterialstoavoidcontamination-inducedefflorescence,whichhas
beensuspectedasthecauseinseveraldocumentedcases.

Samplesofconcreteblockexhibitingefflorescenceweresubmittedforanalysisto
determinethecompositionoftheefflorescingmaterials.SampleswereanalyzedbyXRD
and scanningelectronmicroscopy(SEM). InitialXRD resultsindicatedcalcite(CaCO3).
Examinationofthesame materialbySEM showedthecrystalformstobeplatelets,and
thechemicalanalysisfromthemicroprobeindicatedportlandite(Ca[OH]0.The sample
analyzedby SEM was keptina vacuum desiccatortopreventtheportlanditefrom
reactingwithatmosphericCO2 and convertingtocalcite.The sampleanalyzedbyXRD
was exposedtoatmosphericconditions.
An apparatuswas constructedthatwillallowCARRC researcherstoreproduce
efflorescenceinthelaboratory.The apparatusisdesignedtoforcewaterthroughconcrete
products,bringingsolubleelementstothesurface.Duringthenextyear,variousconcrete
mixeswillbe tested,and high-calciumcoalflyashwillbeusedinconjunctionwithother
additivestominimizeefflorescenceunderconditionsconducivetoefflorescenceformation.
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Sulfate Resistance of Fly Ash Concrete: A Literature Review and
Evaluation of Research Priorities

The primary objective of this task is to provide definitive information on the sulfate
resistance of fly ash concrete. Conflicting research results and misleading information
have been published previously, and this project will identify the most complete and
technically sound published information. From this information, research needed to
strengthen technical support for the use of fly ash concrete in a sulfate environment will
be identified. A white paper defining the scope of work, budget, and timetable and listing
bidders to perform the work required will be prepared. This task was funded jointly by
the ACAA through the CARRC small projects effort.

Computer and manual literature searches were performed. The literature obtained
was reviewed, and discussions were held with consultant Oscar Manz regarding work he
had performed in this area with other key research groups. Preparation of the white
paper was initiated, and a draft will be submitted to ACAA and CARRC members late in
1993.

ADDITIONAL ACCOMPLISHMENTS

CARRC researchersand otherEERC personnelinitiatedan efforttoprovide
informationtotheDOE fora reporttoCongresson thebarrierstotheincreased
utilizationofcoalcombustionand desulfurizationby-productsby governmentand
commercialsectors.CARRC researchersanticipatethecooperationand inputofCARRC
members,utilities,thecoalashindustry,relatedindustries,and governmentagencies.
The DOE requestedthata workshopsummarizingtheresultsofthestudybeheldin
September,and theEERC willprovidea draftreporttoDOE lateinSeptember.The
DOE reporttoCongressisdue latein1993.

As a resultofeffortsby CARRC researchersand otherEERC personnel,thenew
EERC laboratoryadditionwas constructedwithflyashconcrete.Localcontractors,
engineers,and architectswho had nothad previousexperiencewithflyashconcretehad
theopportunitytobeinvolvedintheconstructionproject.CARRC researcherswishto
acknowledgeand thank STRATA Corporation,especiallyMr. Duane Dumas, who supplied
theready-mixflyash concreteand workedcloselywiththecontractorsovertheduration
oftheproject.ConcreteIncorporated,whichmanufacturedthepreformedflyash concrete
sections,isalsothankedfortheircooperationand support.A secondEERC pilotplant
additionwas alsosentoutforbids,specifyingtheuseofflyashconcrete.With the
cooperationand assistanceofMr.LeroySondrol,DirectorofUND PhysicalPlant,and Mr.
Kevin Knaus,UND Engineer,severalflyashconcretepavingprojectswereplannedfor
variouslocationsaroundcampus during1993-1994.CARRC researchersworkedwith
UND officialstochangespecificationstoincludetheuseofflyashinconcrete.These
changeshavebeenapprovedand willbeimplementedforthe1994constructionseason.

In 1992,a surveyofcoalashutilizationinDOE Region8,fundedby theDOE
Denver SupportOffice,was performedunderthedirectionofAnn-MarieGritzuk,Montana
DepartmentofNaturalResourcesand Conservation- EnergyDivision.A reportofthe
surveywas widelydistributedregionallyand nationally.Followingreviewofthis
document,representativesofutilities,coalash marketers,researchgroupsand state
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agencies met in Bismarck, North Dakota, to discuss ways to advance coal ash use in the
region. As a result of this meeting, CARRC researchers prepared a proposal to develop an
ash utilization training and promotion effort in DOE Region 8. The proposal was
submitted to the Technology Reinvestment Program in June 1993. Announcements of
awards was scheduled for December 1993. Additional regional meetings were planned for
1993-1994. CARRC members indicated that the advancement of coal ash utilization in
DOE Region 8 would benefit the coal ash industry in general, so CARRC members and
researchers plan to participate in this continuing effort. CARRC researchers participation
level will be determined on the basis of funds available.

PLANNED ACTIVITIES FOR 1993-1994

Research objectives for 1993-1994 can be summarized as follows:

• Advance predictive capabilities for ash behavior in utilization applications

• Promote high-volume use applications for coal ash

• Evaluate the potential for environmental impact from coal ash utilization and
disposal

• Develop a database of utilization applications requirements

• Investigate advanced technological utilization applications and promote
innovative ash use

• Facilitate the production of consistent, quality-assured coal ash

These specific objectives are consistent with the primary goal of CARRC. The
research tasks proposed address several generalized research areas. These research areas
and research and laboratory tasks can be summarized as follows:

• High-volume fly ash (HVFA) utilization

- Deicing resistance of HVFA concrete
- HVFA concrete in small construction projects

• Quantification of coal ash reactivity

- Application of CCSEM for coal ash characterization
- Development of heat of hydration procedure - Deleted for 1993-1994
- Advanced methods for determination of Mineral Phases in Coal Conversion

Solid Residues

• Behavior of coal ash in products

- Efflorescence in concrete products containing high-calcium coal by-products
- Determination of the role of mineral phase formation in long-term stability in

products containing advanced coal conversion process residues
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- Investigation of the effect of chemical admixtures on the setting time of fly
ash and cement pastes

• Environmental evaluation of coal ash and coal ash products

- Development of environmentally appropriate leaching procedure for coal ash
- Comparative leaching study of coal combustion by-products and competing

construction materials - Postponed

• Computer database and software development.

- Expansion of the coal ash properties database
- Generation of the use applications requirements database
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