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I .0 INTRODUCTION

A study conducted by Pittsburgh Energy Technology Center of sulfur
emissions from about 1,300 United States coal-fired utility boilers
indicated that half of the emissions were the result of burning coals
having greater than 1.2 pounds of SO2 per million BTU. This was mainly
attributed to the high pyritic sulfur content of the boiler fuel. A
significant reduction in SO2 emissions could be accomplished by removing
the pyrite from the coals by advanced physical fine coal cleaning.

An engineering development project was prepared to build upon the basic
research effort conducted under a solicitation for research into Fine Coal
Surface Control. The engineering development project is intended to use
general plant design knowledge and conceptualize a plant to utilize
advanced froth flotation technology to process coal and produce a product
having maximumpractical pyritic sulfur reduction consistent with maximum
practical BTU recovery.

I.I Scope of this Document

The Department of Energy (DOE) awarded a contract entitled
"Engineering Development of Advanced Physical Fine Coal Cleaning
Technology - Froth Flotation", to ICF Kaiser Engineers with the
following team members, Ohio Coal Development Office, Babcock and
Wilcox, Consolidation Coal Company, Eimco Process Equipment Company,
lllinois State Geological Survey, Virginia Polytechnic Institute and
State University, Process Technology, Inc. The organizational chart
for this project is presented in Figure I.I.

This document a quarterly report prepared in accordance with the
project reporting requirements covering the period from July I, 1992
to September 30, 1992. This report provides a summary of the
technical work undertaken during this period, highlighting the major
results. A brief description of the work done prior to this quarter
is provided in this report under the task headings.

1.2 Overall Project Scope

The overall project scope of the engineering development project is
to conceptually develop a commercial flowsheet to maximize pyritic
sulfur reduction at practical energy recovery values. This is being
accomplished by utilizing the basic research data on the surface
properties of coal, mineral matter and pyrite obtained from the Coal
Surface Control for Advanced Fine Coal Flotation Project, to develop
this conceptual flowsheet. The conceptual flowsheet must be
examined to identify critical areas that need additional design
data. This data will then be developed using batch and semi-
continuous bench scale testing. In addition to actual bench scale
testing, other unit operations from other industries processing fine
material will be reviewed for potential application and incorporated
into the design if appropriate.

The conceptual flowsheet will be revised based on the results of the
bench scale testing and areas will be identified that need further
larger scale design data verification, to prove out the design. The
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I proof-of-conceptwill be accomplishedby designing,constructing,
operatingand testing a 2-3 ton per hour proof-of-conceptplant.
This plant will be designed for continuous operation and will
includetwo consecutive5 days, 24 hour per day runs on each of the

. three test coals to demonstrateprocessperformanceon a commercial
basis.

The data from the basic research on coal surfaces, bench scale
testing and proof-of-conceptscale testing will be utilized to
design a final conceptualflowsheet.

; The economicsof the flowsheetwill be determinedto enableindustry
i to assess the feasibilityof incorporatingthe advancedfine coal

cleaningtechnologyintothe productionof cleancoal for generating
electricity. This concept should provide an ability to reduceI

sulfur oxide emissions more economicallythan FGD systems when
comparedon a dollar per ton of sulfurremovedbasis.

1.3 Work Executedat DifferentLocations

The projectteam consistsof researchand engineeringgroupsat ICF
Kaiser Engineers,Babcock and Wilcox, ConsolidationCoal Company,
Eimco ProcessEquipmentCompany, IllinoisState GeologicalSurvey,
Virginia Polytechnic Institute and State University, Process
Technology,Inc.and MichiganTechnologicalUniversityInstituteof
Materials Processing with ICF Kaiser Engineers as the prime
contractor with DOE. The work being conducted by different
organizationsis based upon their area of expertiseand this has
been incorporatedinto the projectWork Plan. The work undertaken
by the different organizationsis identifiedin Table 1.1. This
report is prepared in an integratedmanner combiningwork done by
each organization by task. This is considered to be a more
effectiveway of presentingthe technicaldata developedby each
organization.

Table I.1
Task and the ResponsibleTeam Member

Task I ProjectPlanning ICF KE
Task 2 PreliminaryConceptualDesign ICF KE, B&W, EIMCO,TSG, TAC
Task 3 Determinationof CriticalAreas ICF KE, B&W, EIMCO,TSG, TAC
Task 4 Test Plan Formulation ICF KE, B&W, EIMCO,TSG
Task 5 Bench Scale Testing ICF KE, B&W, EIMCO, PTI, TSG, TAC
Task 6 ComponentDevelopment VPI, TSG
Task 7 Analysisof Test Results ICF KE, B&W, EIMCO,VPI, TSG
Task 8 RevisedConceptualDesign ICF KE
Task 9 POC Module Design ICF KE, B&W, EIMCO,TSG, TAC
Task 10 POC Procurementand Fabrication ICF KE
Task 11 POC Installationand Startup ICF KE, B&W, EIMCO,TSG
Task 12 POC Test Plan Formulation ICF KE, B&W, EIMCO,TSG, TAC
Task 13 POC Testingand Operation ICF KE, B&W, EIMCO,TSG
Task 14 Analysisof POC Test Results ICF KE, B&W, EIMCO,TSG
Task 15 Final ConceptualDesign ICF KE, B&W, EIMCO,TSG
Task 16 POC Module Removal ICF KE
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2.0 TASK 2 PRELIMINARYCONCEPTUALDESIGN

2.1 Overview and Scope

The previous completion of this task resulted in the preliminary
conceptual design of a 20TPH semi-works advanced froth flotation
facility. The non-site-specific plant was designed using the best
available information and technology to achieve continuous,
steady-state process operation with 90% availability. The process
plant is a fully instrumented, integrated, stand-alone facility. A
greenfield site was assumed for the plant.

Throughout the project, the work was organized along a task/sub-task
basis with each sub-task logically assigned to provide necessary
information for the next sub-task, ultimately resulting in
completion of the conceptual design. For Task 2, the first sub-task
determined the design criteria needed to meet or exceed the advanced
froth flotation process specifications. At completion, work under
this sub-task provided information to design the flowsheet of the
process, and provided an energy and material balance of all process
streams. A list of all major process equipment was prepared and
used as a basis for a factored estimate for the capital, operating
and maintenance costs of the semi-works process and plant.

ICF Kaiser Engineers, assisted by the project sub-contractors and
Technical Support Group, was responsible for the performance and
completion of this task. This conceptual design is the basis for
Tasks 3, 4, 5, and 6 and will be revised in Task 8 for use as a
basis for the 2-3TPH POCmodule design in Task 9.

2.2 Review of Work Completed This Quarter

On August 15, 1989, DOEapproved Task 1.2 as submitted. With this
as a basis, ICF KE and the team membersproceeded with the remainder
of the project. No additional work was planned nor completed during
this quarter.

3.0 TASK3 CRITICAL AREADETERMINATION

3.1 Overview and Scope

Work performed during the conceptual design of Task 2 identified
areas where uncertainties exist in the design of the unit operations
for the advanced froth flotation process. Some of these problem
areas could not be solved based on currently available information
or technology. The objective of this task was to determine those
critical areas where more information would be necessary and outline
the work needed to obtain the design information.

A design deficiency list was generated, and the project team
determined the parameters needed for final design of the unit
operation - either by further engineering analysis or by
experimental data obtained from bench-scale tests. Other solids
processing industries, such as phosphate and clay benefication, were
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examined to assess the means by which they effectively process ultra
fine particles.

Each identified design deficiency was then ranked according to its
relative importance to the successful continuous operation of the
advanced froth flotation process. Both a technical and economic
analyses of the consequences of not being able to gather the
required design information for each deficiency was evaluated.

ICF Kaiser Engineers, Consolidation Coal and the other members of
the Technical Support Team (B&W, VPI and EIMCO)have contributed to
this task. The process deficiencies identified in this task will be
addressed in Tasks 4, 5, and 6 through additional engineering
computation and analysis and experimental techniques.

3.2 Review of Work Completed This Quarter

The final report of this task has been submitted to DOE. No
additional work was planned nor completed during this quarter.

4.0 TASK4 TEST PLANFORMULATION

4.1 Overview and Scope

Work completed in this task produced the criteria for additional
engineering analysis, computation and detailed experimental bench-
scale testing for areas of uncertainty identified in Task 3. The
engineering analysis, computation, bench-scale testing and component
development was formulated to produce necessary design information
to define a commercially operating system.

In order to produce the required information by means of bench-scale
testing and component development, a uniform coal sample was
procured. After agreement with DOE, a selected sample of coal from
those previously listed was secured.

The test plan was developed in two parts. The first part listed
procedures for engineering and computational analyses of those
deficiencies previously identified that could be solved without
bench scale testing. Likewise, the second part prepared procedures
for bench-scale testing and component development for those
deficiencies previously identified in Task 3.

The first part, engineering analysis and computation, provided for
means of employing presently know theory from other industries to
address deficiencies. This included examinations of literature and
contacting proven experts and operating personnel in fields related
to this deficiency. From the information gathered, engineering
calculations will be utilized to resolve this type of deficiency.

The second part, bench-scale testing and component development,
became necessary when the part one information was unavailable or
when the theory had never been commercially applied. Justification
for the test work was provided to show that technical data and
process needs could only be obtained by test work and that the test
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work results would produce necessary information to define a
commercially operating system.

The test work planned was based upon non-continuous and/or semi-
continuous bench-scale units of general laboratory design and would
include only those unit operations identified as deficiencies in
Task 3.

The detailed, quantified tests addressed obtaining data necessary
for solving problems uncovered in the deficiency review. Each
identified deficiency had a plan developed to address the reason for
the testing, the means for the test matrix to obtain results and the
expected results. Each test plan established procedures, adhering
as much as possible, to known and industry-acceptable procedures for
sampling and data collection. Rawdata collection would be reduced
to minimize expenses and to better be able to compare results and
obtain meaningful information, especially scale-up factors.

The Development Test Plan for both parts one and two contained
schedules, manpower requirements, and resources necessary to obtain
information to define a commercially available system.

The plan for use of the team members was developed to comply with
the results of the DOEuniform coal sample procurement and storage
procedures. The quantity of coal necessary for each testing program
was calculated. A sample of all three of the referenced coals was
to be obtained, preferably from the same source as the Surface
Control contractor. This coal would be stored and handled as
outlined in the coal procurement and storage plan. These
procedures, when properly followed, should minimize physical and
chemical changes to the raw coal.

4.2 Review of Work Completed This Quarter

The Task 4 Report was submitted to DOE as a final report. No
additional work was planned nor completed during this quarter.

5.0 TASK 5 BENCH-SCALEPROCESSTESTING

5.1 Overview and Scope

The overall goal of Task 5, "Bench-Scale Process Testing" is to
develop the necessary unit operation design and process performance
data required to I) reduce or eliminate the technical and
engineering uncertainties of the preliminary 20TPHadvanced location
semi-works plant and 2) design, build and operate a 2-3 TPH advanced
flotation POCmodule.

The unit operation performance and process design information
required to support development of the advanced flotation process is
being examined in a multi-tier program at B&W and Process
Technology, Inc. Laboratory scale studies are being conducted in
several key process areas - conventional precleaning of the raw
coal, microgrinding of the pre-cleaned coal, advanced froth
flotation of the fine coal and dewatering of the product streams.

799/160P/352/925 page 5



The results of these studies are then being used to guide Small,
semi-continuousand continuoustestingof the key unitoperationsat
approximately100 Ib/hr.

The bench-scaleand semi-continuousprocessdesign evaluationtest
programswill providedetailed informationfor developingprocess
material and energy balances. The material balancedata will be
used to correctlydesignand sizethe equipmentfor the POC module.
The energy balance informationwill allow for estimationthe cost
effectivenessof the design.

The bench-scale test programs will also identify the optimum
conditionsfor microgrindingthe coal for maximum pyritic sulfur
rejection in advanced flotation and the most promising advanced
flotationtechniquewhich will then be integratedinto the overall
processing scheme. The 100 Ib/hr test program will provide
verificationof the laboratorytests resultsand demonstrationthat
these resultscan be scaled-upfor applicationin the 20TPH semi-
works plant design.

Both the bench-scale,semi-continuousand continuousprocessdesign
evaluationtests will serve as criticalreviewsof the preliminary
processflowsheet. Processdeficienciesand limitationsdiscovered
in these programs will require modification of the original
conceptual flowsheet. This informationwill aid in identifying
solutionsto the successfulimplementationof advanced flotation
technology.

The bench-scale and process testing consists of eleven major
subtasksperformedover a periodof 12 months.

5.2 Reviewof Work CompletedThis Quarter

5.2.1 Raw Coal Characterization

The IllinoisNo. 6 and Upper Freeportcoal seamswere completedand
TopicalReportsNo. 3 and No. 4 were submittedto DOE during this
quarter. The results of both of the tests were reported in
QuarterlyReport No. 8 for IllinoisNo. 6 and QuarterlyReportNo.
10 for Upper Freeport. This subtask is now complete

5.2°2 Bench Scale Testing

The Task 5 reportwas submittedto ICF KE by B&W and is under review
and will be incorporatedinto the Task 7 final report.

5.2.3 Dewatering

In additionto detaileddewateringtests conductedby Eimco on the
vacuum disc filter, the belt press and the pressure filter, two
other dewatering devices were laboratory tested on 325 M x 0
Pittsburghseam clean coal samples. These were a second pressure
filter and the hyperbaric filter, for which the results are
presentedbelow.
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The second pressure filter can be distinguished from other high
pressure filters primarily by its cake discharge system in which a
continuous cloth belt automatically advances to empty all chambers
fully and simultaneously. Final pressure (up to 235 psi) is applied
by a diaphragm that directly contacts and presses the coal
slurry/forming cake against the filter cloth belt, which is backed
by a rigid polypropylene grid. This membranesqueeze was tested as
an option on Eimco's filter press but is the sole means for high
pressure (>150 psi) filtration on this second unit. An air blow
cycle was also used on this unit.

Eleven tests were conducted on a sample of advanced column flotation
concentrate supplied by B&W. A laboratory model filter, which
simulates the filtration, pressing, washing and air drying
operations available on commercial units, was used for the tests.
Pumptime, press time and air dry time were varied.

Results for tests indicating maximumcapacity and minimum product
moisture are presented in Table 5.1.

Test results indicate that cake moisture increase with projected
unit capacity and that both moisture and specific capacities vary
over a wide range. The 18%moisture achieved in testing this unit
was significantly lower than that achieved by any other dewatering
method on 325 M x 0 coal samples.

The hyperbaric filter is a rotary filter (disc or drum type)
enclosed in a pressure vessel which combines continuous feed and
cake discharge capabilities with much higher dewatering-pressure
differentials than that available with vacuum-type rotary filters.
In applications that require higher capacities without cake
washing,a disc filter version is usually employed.

TABLE 5,1

FILTER PRESS (WITH DIAPHRAGM) DEWATERING RESULTS
ON 325 M x 0 PFI-FSBURGH SEAM CLEAN COAL

MINIMUM

MAXIMUM PRODUCT

PARAMETER CAPACITY MOISTURE

-Feed % Solids 26.5 26.5

Cake Moisture (%) 26 18

Capac_0b/'_/h;i 51 28
Chemical Addition None None

Pressures (PSI)

Chamber Fill 80 80

Press Water 230 230

Drying Air 90 90
....
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Pump Time (min) 1.0 1.0

Press T,'ne (rain) 1.0 1.0

Air Blow Time (mint 1.0 7.0 ,,

Discharge Time (rain) 4.0 4.0

Total Cycle rime (rain) 7.0 13.0

Two setsof dewateringresults(maximumcapacityand minimumproduct
moisture)from testing;the hyperbaricfilteron 325 M x 0 Pittsburgh
seam coal are presented in Table 5.2. These results indicate
potentialcake moisturesrangingfrom 24% to 26% at a fairlywide
range of specific capacities. While the Yecommended operating
pressure range is 45-75 psi, only 60 psi was used due to limited
samplequantityavailablefor testing. Improvedperfortnancemay be
possiblefrom that indicated.

TABLE 5.2

HYPERBARIC FILTER DEWATERING RESULTS
ON 325 M x 0 PI_'SBURGH SEAM CLEAN COAL ,.,

MINIMUM

MAXIMUM PRODUCT

PARAMETER CAPAC ."Y MOISTURE

Feed % Solids 21.4 21.4

Cake 1_4oisture(%) 26 24

Capacity (Ib/ft2/hr) 120 80

Chemical Addition None None

Pressures (PSI) 60 60

Specific Energy Consumpt. (KWH/ton) 4 10
--,

6.0 COMPONENTAND UNIT OPERATIONSDEVELOPMENT

6.1 Overview and Scope

The Task 6 effortinvolvesthree main elementsincludingcolumncell
development,flotationcircuittestingand flotationcellmodeling.
The work outlined is to research column designs and operation
parametersin developin£an optimizedcolumn flotationcell (OCFC)
to meet the overallprogramobjectives. The test resultsobtained
throughthis effort will be evaluatedagainstthe resultsobtained
from the round-robintest programin Task 5. Any designparameters
or operatingconditionsthat are unique with the round-robintest
winner that were not evaluated as part of the optimized column
developmentwork will be reviewed and tested so as to incorporate
all possible scenariosin prese_ItingUOE wlth the best available
flotationprocessfor use in the 2 to 3 ton per hour POC.

Following development of the OCFC, various flotation circuit
,'_+" -_,,_design

_1 t, llt:: U_ 1, I _.,u i

configurationswiii be evaluateddetermine=L. ci t
for the 2 to 3 ton per hour POC. Single and multiple stage
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flotation, grab and run, rougher/scavenger/cleaner,etc., test
circuitswill be testedas part of this effort. Upon completionof
this test work, the "best" possibleflotationcell will have been
testedin a numberof possibleflotationcircuitdesignsto possibly
provide the "best" flotation approach in meeting the design
criteria.

In conjunctionwith the flotationtest effort, model development
work will be conductedto providea tool in evaluatingthe various
flotation circuit configurations and in predicting flotation
performance. The model will be useful in selecting operating
conditionsin the POC and in evaluatingthe performanceof the POC.

6.2 Reviewof Work Completedthis Quarter

The assignmentfor this task was VPI & SU. VPI & SU has completed
their revisionto the Task 6 reportand submittedthe same to ICF KE
for review. The total resultsof this task will be includedin the
Task 7 report.

Task 6 was divided into three subtaskswhich are I) Optimum Column
Cell DevelopmentTest Work; 2) Optimum Column Cell Configuration,
and 3) Column Cell FlotationModel Development. The following
descriptionsoutlinea brief determinationof resultsfor the three
subtasks.

6.2.1 OptimumColumnCell DevelopmentTest Work

The objectiveof this subtaskwas to utilizeparametrictestingto
determine the effects of various operating parameters on the
performanceof a column flotationcell. The resultsof this work
were to be used in establishingan optimumcolumncell configuration
which could be incorporatedinto the POC flowsheet.

The sample used in this investigationwas a precleanedPittsburgh
Seam coal obtained from Babcock & Wilcox. The precleaned coal
samplewas received in slurryform and arrivedat VirginiaTech in
several55-gallondrums. The solidscontentof the froth productin
eachdrum was approximately15-30%. Grab samplesindicatedthat the
quality of the material in each drum was highly variableand that
blendingwas requiredbeforethe samplescould be used in the test
work.

Flotation samples (-325 mesh) were prepared by grinding
representativesamplesof the as-receivedslurryfor 4 minutesin a
laboratory-scalestirredball mill. This procedureproduceda mean
particlesize of approximately10 microns. The sampleswere diluted
to the desired solidscontent using fresh water and reagentswere
added at the level specifiedby the experimentaldesign. After
conditioning,a variable-speedpumpwas usedto feedthe slurryinto
the flotationcolumnat a distanceof approximately12 inchesbelow
the productoverflowlip. A countercurrentflow of wash water was
added just below the productoverflowlip. Pulp level in the cell

i was m__intainedthroughthe use of a simpleoverflowweir connected
to the reject line. A by-pass sand gate was used to prevent a
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build-upof the coarse or high specificgravityparticles(such as
pyrite) in the reject stream. Air spargingwas accomplishedby
means of a in-linemicrobubblegenerator(i.e., static mixer). A
schematic of the column apparatusused in this investigationis
shown in Figure6.1, while the standard test conditions are
summarizedin Table 6.1.

TABLE B.1
STANDARDCONDITIONS USEDFOR PARAMETRICTEST PROGRAM

PARAMETER SETTING

COLUMN DIAMETER 2 INCHES
COLUMN LENGTH 60 INCHES
GRIND TIME 4 MINUTES
GRINDSIZE -325 MESH
#MASHWATERADDITION POINT 15 CM ABOVE PULP
GENERATORLENGTH 30 CM
GENERATORDIAMETER 1.3CM
FROTHERTYPE DOWFROTHM-1012
COLLECTORTYPE KEROSENE
BAFFLES NONE

Six key operatingparametersthat can be manipulatedduring column
operationwere selectedfor study inthe experimentaldesign. These
included collector dosage, frother dosage, feed solids content,
aerationrate, wash water flow rate and feed slurryflow rate. The
test levels selectedfor each of these parametersare specifiedin
Table 6.2. These values were selectedon the basis of exploratory
test work conductedwhen the samplefirst arrived.

TABLE 6.2
TEST LEVELSUTILIZEDIN THE PARAMETRICTEST PROGRAM

PARAMETER LOW NORMAL HIGH

FEED SOLIDS (%) 5 10 15
FROTHER DOSAGE(LB/TON) 0.5 1.5 2.5
COLLECTORDOSAGE (LB/TON) 0.5 1.0 1.5
FEED RATE (ML/MIN) 50 150 250
AERATIONRATE (CM3/MIN) 500 1000 1500
WASH WATERRATE (ML/MIN) 200 400 600

Using these levels,a statisticaltest programwas developedusing
a composite Box-and-Behnkenexperimentaldesign. This type of
design is well suitedfor the study of flotationtestwork since it
provides a measure of the contributionof each parameterto the
given response. In addition, it allows the influenceof joint
interactionsbetween the various test parametersto be estimated.
The specific tests required by the Box-and-Behnkendesign are
summarized in Table 6.3. The design requires a total of 54
individualflotationtests in order to quantifythe effectsof the
6 specifiedtest parameters. All tests were conducted in random
order to minimizeexperimentalbias.
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ParametricTest Overview

The resultsobtainedfromthe parametrictestwork are summarizedin
Table 6.4. In order to obtain a consistentset of experimental
data, all test valueswere analyzedand adjustedusing a single-node
material balance program publishedby Wills (1988). In general,
only minor adjustmentsto the experimentaldata were noted. The
factthatmajor data manipulationwas not requiredsuggeststhatthe
measuredvalues were reliable.

As indicatedin Tables 6.3 and 6.4, six replicate"baseline"tests
were performedat varioustimes throughoutthe test programso that
the amount of pure experimentalerror could be assessed. This
provideda check on the consistencyof both the test procedureand
assay determinations_ The yield, product ash and product sulfur
data obtainedfrom these replicatetests are plottedin Figure6.2.
As shown,a very reproducibleset of data was obtainedin eachtest.
This finding suggeststhat the characteristicsof the coal sample
did not change during the test program and that the sampling and
storageprocedures used to maintain a representativesample were
acceptable. The estimated standard deviations for each of the
assays determinedin the presentwork are tabulatedin Table 6.5.
The relativelylow values of standarddeviationalso indicatethat
the test data acquired from the parametric testing program are
reliableand reproducible, lt should also be noted that in general
the productassaysappearto be the most reliable,while the reject
assays are the least dependable. This result is not unexpected
given the comparativelysmallerweightof the rejectsamplesand the
high concentrationof very fine particles, e.g., clays, in this
stream.

Figures6.3 through6.5 providea summaryof the productrecoveries
obtained as functions of ash, total sulfur and pyritic sulfur
rejection rates for the parametric test program. For sake of
comparison,both the energy (i.e.,Btu) recoveriesand combustible
recoveriesare shown. The test data indicatethat at a 90% energy
recovery,the followingresultscan be obtainedfor this coal at the
given grind size"

Ash Rejection = 70%
Total Sulfur Rejection = 30%
PyriticSulfur Rejection= 60%

Although the test matrix covered a wide range of operating
conditions, most of the experimentalresults are grouped along
singlegrade-recoverycurves. All of the data pointswere found to
fall just below the releaseanalysiscurve (which is not shown for
the sake of clarity). In addition, it was discovered that the
experimentaldata points which deviated the most from the release
analysiscurve were obtainedat high gas flow rates and low wash
water additionrates. Under these conditions,a smallerfractionof
the wash water which enters the column makes its way down through
the froth bed.
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Table 6.3

PARAMETRIC TEST PLAN FOR THE OPTIMIZATION STUDIES

PERFORMED USING THE PITTSBURGH NO. 8 SEAM COAL.

TEST COLLECTOR FROTHER AERATION FEED FEED WASH WATER

NO. DOSAGE DOSAGE RATE SOUDS RATE RATE

(LB/TON) (LBfFON (CC/MIN) (%) (ML/MIN) (MWMIN)
, ,.

Xl X2 X3 X4 X5 X6
..,,. ,..

1 1.5 2.5 1000 15 150 400

2 0.5 2.5 1000 15 150 400

3 1.5 0,5 1000 15 150 400
4 1.5 2.5 1000 5 150 400

5 0.5 0.5 1000 15 150 400

6 1,5 0.5 1000 5 150 400

7 0.5 2.5 1000 5 150 400

8 0,5 0.5 1000 5 150 400

9 1.0 2.5 1500 10 250 400
10 1.0 0.5 1500 10 250 400

11 1.0 2.5 500 10 250 400

12 1.0 2.5 1500 10 50 400

13 1.0 0.5 500 10 250 400

14 1,0 2.5 500 10 5'3 400

15 1.0 0.5 1500 10 50 400

16 1.0 0.5 500 10 50 400

17 1.0 1.5 1500 15 150 600

18 1.0 1.5 500 15 150 600

19 1.0 1,5 1500 5 150 600

20 1,0 1.5 1500 15 150 200
21 1.0 1.5 500 _ 150 600

22 1.0 1.5 1500 5 150 200

23 1.0 1.5 500 15 150 200

24 1,0 1.5 500 5 150 200

25 1.5 1,5 1000 15 250 400

26 0,5 1.5 1000 15 250 400

27 1.5 1,5 "lO00 5 250 400

28 1,5 1,5 1000 15 50 400
29 0.5 1.5 1000 5 250 400

30 1.5 1.5 1000 5 50 400

31 0.5 1.5 1000 15 50 400

32 0.5 1.5 1000 5 50 400

33 1.0 2,5 1000 10 250 600

34 1.0 0.5 1000 10 250 600

35 1.0 2.5 1000 10 50 600

36 1.0 2,5 1000 10 250 200

37 1.0 0.5 1000 10 50 600

38 1,0 2.5 1000 10 50 200

39 1.0 0.5 1000 10 250 200
40 1,0 0.5 1000 10 50 200

41 1.5 1.5 1500 10 150 600

12 0.5 1,5 1500 10 150 600

43 1.5 1.5 500 10 150 600

44 1.5 1.5 1500 10 150 200

45 0.5 1,5 500 10 150 600

46 1.5 1.5 500 10 150 200

47 0.5 1.5 1500 10 150 200

46 0.5 1.5 500 10 150 200

49 1.0 1.5 1000 10 150 400
50 1.0 1.5 1000 10 150 400

51 1.0 1.5 1000 10 150 400

52 1.0 1,5 1000 10 150 400
53 1.0 1.5 1000 10 150 400

54 1.0 1.5 1000 10 150 400
,,
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TABLE6.5
ESTIMATEDVALUESOF STANDARDDEVIATION

FORVARIOUSASSAYSUSED INTHE PARAMETRICTEST WORK

COMPONENT ESTIMATED
STANDARDDEVIATION

MASSYIELD (%) 0.65
PRODUCTASH (%) 0.05
REJECTASH (%) 2.63
FEEDASH (%) 0.41
PRODUCTSULFUR (%) 0.07
REJECTSULFUR(%) 0.16
FEEDSULFUR (%) 0.21
PRODUCTBTU/# 135
FEEDBTU/# 106

This fraction is commonly referred to as the bias factor.
Therefore,when operatingat a highgas flow rate or low wash water
rate, the column is less effectivein preventingthe entrainmentof
fine mineralmatter. Figure6.6 shows the bias factorplottedas a
function of the difference between the ash rejection obtained
experimentallyand that predicted,at the same level of recovery,
fromthe releaseanalysiscurve. The test data indicatethat a good
correlationexists betweenthe bias factorand the reductionin ash
rejectioncalculatedfor each test run. This findingsuggeststhat
if the wash water is properly utilized, the grade-recovery
relationshipis primarilydeterminedby the characteristicnatureof
the coal sample, i.e., degree of liberation and component
hydrophobicity. On the other hand, operationalparameterswhich
alter the bias factor tend to producevariationsin the amount of
mineral matter that is nonselectivelyentrained into the froth
product. This phenomenontends to shift the columnperformanceto
a lower grade-recoverycurve and should be avoided. Previoustest
work suggeststhat the bias factor should be greaterthan 0.65 in
order to effectivelyreducethe entrainmentof finemineralmatter.

The effectsof the operatingparameterson separationefficiencyare
demonstrated in Figures 6.7 and 6.8. Two different separation
efficiencieshave been calculated,one based on the separationof
combustiblesfrom ash and the other based on the overallseparation
of energy and sulfur. Combustible separation efficiency
(SEcombustibte) has been calculatedusing the expression:

100 - Ap Ar
SEcombust_ble = Y + (100 - Y) -- - 100 [1.1]

I00 - As As

in which Y is the product yield and Ap, Ar and As are the ash
contentsof the product,rejectand feed streams,respectively.The
energy-sulfurseparationefficiency(SEoverall)was calculatedfrom:
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BTUp Sr
SEoveralI = Y. + (100-Y)- - 100 [1.2]

BIUr Sf

inwhich BTU_and BTUr are the respectivecalorific(Btu)valuesfor
the product_nd feed streamsand Sr and Sr are the respectivesulfur
contentsof the reject and feed streams.

The results, shown in Figure6.7, indicate that most of the
separation efficiency values fall along two distinct parabolic
curves. In both cases, however, a maximum separationefficiency
could be obtained at an ash rejectionof approximately65%. This
valueappearsto be independentof whetherthe separationefficiency
was calculatedon a combustiblebasis or overallbasis. This level
of ash rejectioncorrespondsto the "bend"or "knee" in the grade-
recoverycurve shown in Figure6.3. Therefore,it can be concluded
that the maximum separationefficiencyfor a given coal occurs at
the point just before the large deteriorationin yield. In the
present work, the maximum separation efficiency-ash rejection
relationshipappearsto be a functionof the coal characteristics.
As a result, various combinationsof operatingconditionscan be
utilizedto obtain the same maximumseparationefficiency.

Figure6.8 showsthe separationefficiencyvaluescalculatedfor the
varioustests as a functionof sulfurrejection. As before,most of
the points fall along two separate parabolic curves, with the
maximum separationefficiencyfor each curve occurringat a sulfur
rejectionof approximately20%. This value also correspondsto the
abrupt bend in the grade-recoverycurve shown in Figure6.4. This
findingindicatesthat sulfur is more difficultto reject than ash
for this particularsample. This phenomenonis demonstratedmore
clearlyin Figure 6.9 in which sulfur rejectionhas been plottedas
a function of ash rejection. As shown, there is a distinct
relationshipbetweenash rejectionand sulfur rejection. If both
sulfur and ash were rejectedequally,the points should fall along
the dashed line shown in the figure;however,this is clearlynot
the case. The data plotted in Figure 6.8 suggestthat the best
separation point for this particular coal would be at an ash
rejectionof 65% and a sulfurrejectionof 20_o.

6.2.2 OptimumColumn Cell CircuitConfiguration

The primaryobjectiveof this subtaskwas to examinevariouscolumn
: circuit configurationsfor advancedcoal cleaning. The flotation

circuitsexamined in this effort included:

a) single-stage(SS)
b) rougher-scavenger(RS)
c) rougher-cleaner(RC)
d) rougher-scavenger-scavengercleaner (RSSC)
e) rougher-scavenger-cleaner(RSC)
f) rougher-cleaner-recleaner(RCRC).
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Schematic representationsof these circuits arrangements are
provided in Figure6.10.

6.2.2.1 Sample Preparation

The circuit tests were carriedout using samplesobtained from
the Pittsburgh,IllinoisNo. 6 and Upper Freeport coal seams.
These coal sampleswere precleaned by B&W using conventional
flotationand shippedin slurryform to VirginiaTech in several
55-gallondrums. Grab samples indicatedthat the contentsof
eachdrum was highlyvariableand thatblendingwould be required
in order to obtain representativesamples for testing. The
homogenizationof the sampleswas carriedout in severalsteps.
First,the contentsof each drum was thoroughlyagitatedusing a
low-speeddrum mixer to redispersecoarse particleswhich had
settledto the bottomof the drum during shipment. The contents
of each drumwas then transferredto a 500-gallonsumpwhich was
equippedwith a propeller-typemixer and pumping circuitwhich
continuouslyrecirculatedthe slurry. After emptying all drums
for a givencoal, representativesamplesof the well-mixedslurry
were pumped from the sump into individual5-gallon containers.
Each container was flooded with nitrogen and sealed prior to
storage.

Flotation samples were prepared by grinding each coal sample
using a Union Processstirredballmill. Sampleswere groundat
30% solidsusing 3.2 mm diameterstainlesssteelgrindingmedia.
The Pittsburghsamplewas groundto a nominalsize of -325 mesh
using a grindingtime of approximately4 minutes. The Illinois
No. 6 and Upper Freeportsampleswere each groundto a nominal-
200 mesh productsize using a 1.5 minutegrinding time.

6.2.2.2 Summary

The test results obtained from the circuit testing program
demonstratethat differencesin the levelof performancefor the
individual column circuits are due to shifts along a single
recovery-gradecurve. No changes in the location of the
recovery-rejectioncurves were observedfor any of the circuits
tested to date. Therefore, there appearsto be little or no
metallurgicaladvantagein usingmultiplecolumncircuitsfor the
deep cleaningof the three base coals tested.

The fact that all of the columncircuitsbehavedessentiallythe
same, in terms of metallurgicalperformance,can be explainedby
developinga complete understandingthe fine particle recovery
mechanisms. In conventionalflotationcircuits,differencesin
performancecan frequentlybe attributedto wide variationsin
the nonselectiveentrainmentof fineparticlesof mineralmatter
into the froth product. Multiplecleaningstages are generally
capable of reducing entrainment,thereby improving the final
separation. However, since most flotationcolumns utilize a
countercurrentflow of wash water to prevent entrainmentof
fines, multiple column circuits have little advantage for

improving performance. The use of wash water also explains why
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columns are capable of achieving results similar to those
attainableusing release analysis. Therefore, for a properly
operatedflotationcolumn,the effectivenessof the separationis
primarilycontrolledby the characteristicsof the coal and is
relativelyindependentof the cell used to performthe separa-
tion. The results obtained in the present work suggest that
single-stagecolumn units are capable of achievingessentially
the same metallurgicalperfcrmance as multiple-stagecircuit
configurations.Therefore,otherfactorsshouldbe consideredin
the selectionof an appropriatecircuitfor coal cleaning. For
example, the use of multiple column circuits may be desirable
from an operational point of view since additional columns
providesafeguardsin the event that one of the columns is not
operatingproperly. For example, if one of the columns in a
rougher-cleaner-recleanercircuit has a plugged wash water
distributor,the performanceof that columnwill be diminished;
however, the other columns in the circuit will continue to
guaranteethat productquality is met for the overallcircuit.
As a result,the selectionof column circuitarrangementswhich
are most capableof meetingindividualoperationalrequirements
will need to be made on a case-by-casebasis.

6.2.2.3 ColumnCell FlotationModel Development

Introduction

The uniquefeaturesof flotationcolumnshave requiredthatmany
of the operational guidelines developed in the past for
conventionalflotationbe abandonedor modified. In an attempt
to help resolve this deficiency,the overall objectiveof this
subtask was the developmentof a user-interactivesimulation
programfor the predictionof column flotationperformance.The
simulation package should provide useful informationfor the
design,optimizationand scale-upof advancedcircuitsfor fine
coal flotation. A furtherpurposeof the simulatoris to provide
a mechanismfor evaluatingand debuggingthe POC module. Use of
the simulatorshouldeliminatethe need for extensivetrial-and-
error testingto determinethe best column configurationin the
advanced cleaning circuit. Therefore, the major advantageof
this approach is that it allowsthe effectsof a wide range of
operating parameters to be studied in a low-cost and time-
effectivemanner. The simulationpackagemay also be usefulfor
trainingpersonnelin column operationand for trouble-shooting
various operational problems. The simulator,when modified
appropriately,may also be usefulfor the analysisand design of
conventionalflotationcircuits.

The development of the user-interactivesimulation program,
calledCOLMSIM,was completedduring the Task 6 work effort.

Comparisonswith Experiments

The simulationpackagewas validatedusing data obtainedfrom a
series of laboratorytests conductedusing a 5-cm diameter by
150-cmtall column. A Pittsburghcoal sample having a feed ash
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contentof 11.8%was used for all tests. In each experiment,all
flow rates to the columnwere measured,as well as the air hold-
up. Simulationswere also conductedfor each of the three base
coals examinedin the circuitevaluationtest program.

Comparisonsbetweenthe simulatedand predictedresultsfor each
base coal are providedin Figures6.11 through6.13. As shown,
very good agreement between the predicted and experimental
recovery-grade curves were obtained, particularly for the
Pittsburgh and Illinois No. 6 seam coals. The fit is
particularlygood in light of the factthat the experimentaldata
were collectedover a range of bubble sizes, solids contents,
feed flow rates and circuit configurations. The relatively
poorerfit obtainedfor the Upper Freeportcoal can be explained
by the presenceof large amountsof middlingsparticlesin the
coal. Nevertheless,the very good predictionsobtainedwith the
other base coals indicate that this approach for simulating
column flotationperformanceis promising.

7.0 EVALUATIONOF BENCH-SCALEAND COMPONENTTEST RESULTS

7.1 Overviewand Scope

A bench-scale and component testing report was prepared and
submittedto DOE after completingTask 5 and Task 6.

The report includedthe preparation,presentationand analysisof
all the experimentaldata obtainedin the bench-scaleand component
unit operations,development and testing. A comparison of the
resultsobtainedwith the expectedlimitationsand deficienciesthat
occurred from bench-scaletestingwas compiled.

Followingthe evaluationof the bench-scaleand componenttesting
results,a residualneeds analysiswas prepared. This was prepared
after comparingresultslearnedin Tasks 5 and 6 with the original
residualneeds analysis.

Finally, a bench-scale testing summary was prepared, lt
specificallyaddressed the results of the bench-scalecomponent
testing in respect to the information necessary to define a
commerciallyoperatingsystem. This includedequipmentselection,
sizing,evaluationand operationto achieveboth coal cleaning as
well as the cost of systemoperation.

7.2 Review of Work Completedthis Quarter

Task 7 report was completedduring this quarter. The task report
includesthe analysisof all experimentaldata compiledfrom Tasks
5 and 6 and conclusionsdrawn from these resultsas comparedto the
preliminaryconceptualdesignfor the 20 TPH semi-worksplant. The
resultsfromTasks 5 and 6 are reportedunder their respectivetasks
and the best way to summarizethese results is to examinecircuit
performanceprojectionsbased on Tasks 5 and 6 results.
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7.2.1 Circuit PerformanceProjections

The raw coal washabilityresultsindicatethat there is theoretical
potentialto clean each of the threecoals studiedto meet the 85/85
performancegoals establishedfor this project. Resultsof Tasks 5
and 6, meanwhile,have addressedspecificconcerns relatedto the
design and operationof individualprocessunits requiredto clean
the coals using approachesthat would try to exploitthe raw coals'
potential.

Investigatorsutilizedthe continuousbench-scaletestingresultsin
order to constructoverallcircuitperformanceprojections. While
these projections cannot be considered definitive, the approach
taken to complete the individual unit operations testing was
designed to provide the data for making somewhat reasonable
estimationsof plant performance.

In order to providethis opportunity,investigatorstesteda series
of unit operationson each of the coals that, if coupled and ran
continuously,would approachthe processphilosophiesestablishedas
alternativesin the preliminaryconceptualflowsheetand simulated
in the raw coal characterizations.For the PittsburghSeamtesting,
each individualunit was testedby itselfcompletelyuncoupledfrom
any other sizing,cleaningor dewateringunit. Figure 7.1 showsthe
equipmenttestedon the Pittsburghseam coal and the mass balance,
which will be discussedlater.

Referring to the figure, in order to allow a full flowsheet
performanceprojection,investigatorsfirst processedthe I/4 inch
x 0 Pittsburghcoal in a 6" diameter hydrocyc!one. The products
were sampled for the hydrocycloneperformanceevaluation and the
clean coal was collectedand reused for subsequentsize reduction
(to 48M x O) and recleaning (the crushed coal) in the same 6"
hydrocyclone. This approachwas repeatedfollowingthe flowscheme
shown in Figure7.1 so that a final clean coal could be produced
that is reasonablyrepresentativeof what may be expected from a
continuous, completely coupled process similar to that in the
figure. Since no precleanedproducts from the conventionalcoal
cleaning units were extractedduring this testing and the final
clean coal was totally produced from the advanced column froth
flotationunit,this resemblesthe Case C cleaningalternative.Due
to the great effort required to approach optimum conditions,
resources were not available to test the Case A and Case B
alternatives. Realizingthis, investigatorsnarrowedthe scope of
this testing to the overall scheme that had the best chance of
meetingthe 85/85 performancegoals.

Using a similarapproachand also evaluatingthis Case C approach,
investigatorsprocessedthe IllinoisNo. 6 coal using the equipment
shown in Figure 7.2. For this coal, however, investigatorswere
ableto directlycouple a seriesof unit operationsat the Institute
of MaterialsProcessingof MTU to more accuratelysimulatea fully
continuousprocess. Referringto the figure, all units after the
fine (48Mx O) hydrocyclonewere operatedin a coupled,continuous
fashion. The other units were not.
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Comparing Figures 7.1 and 7.2, it should be noted that different
coarse precleaningunits were utilized in the two flowsheets: A
water-onlycyclonefor the Pittsburghcoal and a heavymedia cyclone
for the IllinoisNo. 6 coal (andthe Upper Freeportcoal). In order
to make a coarse coal, high gravity separation in the Case C
cleaningalternative,eitherunitwould be acceptableas long as the
circuitsare properlysized. Becausethe proposedfacilityto house
the POC module (theOCDO facilityin Beverly,Ohio) will containtwo
stage heavy media circuitry,coarse coal cleaningat the POC-level
will employ heavy media circuitry.

The cleaningequipmenttestedon the Upper Freeportcoal is shown in
Figure7.3. As with the IllinoisNo. 6 coal testing,onlythe units
followingthe fine hydrocyclonewere operated continuouslyas a
circuit(all unitswere coupled). The equipmentused for the Upper
Freeportcoal cleaningwas identicalto that used for the Illinois
No. 6 coal, however,the coal cleaningphilosophywas changed. For
the Upper Freeport coal, the Case B cleaning alternative was
evaluated. The grab-and-run, conventional froth flotation
configurationwas only successfullyemployedon the Upper Freeport
coal. This flotationapproachwas tried on each of the three coals,
but investigatorsruled out this approach for the Pittsburghand
IllinoisNo. 6 coals for the purposesof the continuous,bench-scale
testing. In deciding whether the grab-and-runconfigurationwas
appropriate,a coal qualitybased criteriawas used. Again, this
was done because investigatorsonly had the resourcesto test a
single flowsheetalternativefor each of the coals.

A qualityspecificationof 6% ash from the grab productof the grab-
and-run flotationtests was used by investigatorsin deciding the
best configurationto run for the final flowsheet test series.
Investigatorsdesired to produce the coarsest clean coal product
possible, but reasoned that if 6% ash could not be met, then the
overall85/85 performancegoals would probablynot be achieved. As
will be shown later in this section,the 85/85 performancegoals
were not met when using either the Case C cleaning alternativeto
clean the Pittsburghand IllinoisNo. 6 coals or the Case B approach
to clean the Upper Freeport coal. Despite this, investigators
maintain that these flowsheet performa_se projections are not
conclusive, and that improved performancemay be possible in a
continuously operated process. Also, even though the 85/85
performancegoals were not met for any of the coals,the separation
efficiencyresultsfor the IllinoisNo. 6 and Upper FreeportSeam
goals closely approachor exceed that of 85/85 performancelevels
(70% separation efficiency). In addition, even if the 85/85
performancegoals can not be achieved,there may be a practical
applicationfor a processthat can achievenear 85/85 performance,
which is shown to be possible from the bench-scaletesting. The
cost of competing sulfur reduction strategies will ultimately
determinethe practicality,and indeed,a significantcontribution
to overall sulfur reductionefforts by a physical coal cleaning
processmay make sense.

799/160P/352/9221 page 21





7.2.2 Approachto CircuitProjections

Circuitperformanceprojectionswere based on actualdata obtained
during the bench-scaletesting phase of Task 5. Since perfect
closureof a strictmetallurgicalbalancecalculationfor more than
o-e measured parameteris very unlikelyeven arounda single unit,
reasonably estimating overall plant performanceby theoretically
coupling the results of single-unit operations is obviously a
complicatedproblem.

Thus, in order to obtain the desiredestimatesfor overallcircuit
performance,investigatorsutilized a computer program that is
designedfor materialbalancedata adjustment. This BILMATprogram
was developed by the Canadian Center for Mineral and Energy
Technology (CANMET)and is the same program used to evaluate the
advancedflotationround robin data. A descriptionof the use and
capabilitiesof this programwas presentedin TopicalReport No. 2
which was prepared for DOE as part of this project (Round Robin
TopicalReport).

Actual sampledata, includingash,total sulfur,pyriticsulfur,and
BTU per pound, as well as an estimateof the streamssolidsweight
ratio (expressedas a percentof plant feed)were all input intothe
BILMAT program for each flowstream of a particular flowsheet
(Figures7.i through7.3). Also, for each piece of data, a standard
deviation number between 0 and 1000 is input by the user, which
representsthe overallconfidencethat is placedin the accuracyof
the data. Lower values for the standard deviation indicates a
higherlevel of confidencein its accuracy. The BILMATprogramthen
adjuststhe inputdata set (not includingthe standarddeviations)
to producean estimatedmetallurgicalbalanceof all unitoperations
and the processas a whole. The programoperatesso as to minimize
the adjustmentof data to producea strictmaterial and material-
component(i.e.ash, sulfur,etc.) balance. The allowablemagnitude
of adjustmentis controlledby the standarddeviationinputs.

Of the analyticaldata usedfor thesematerialbalancecalculations,
investigatorsgenerallyplaced the highest level of confidencein
ash data followed in decreasing order by BTU per pound, total
sulfur,and pyriticsulfur. The standarddeviationvalueswere also
affectedby the samplingapproachfor a given sample,and the actual
value itself (ash analyses of materials of high ash are less
reliablethan the same analysesfor low ash materials). B&W and PTI
investigators,who were involvedinthe equipmentperformancetests,
provided initial standard deviation values. Additionally,upon
difficulty with initial BILMAT results, ICF KE investigators
finallyinputvery highstandarddeviations(of 1000)to all pyritic
and total sulfur data, except the clean coal sample data, for the
Illinois No. 6 and Upper Freeport seam results. This was
necessitatedby the factthat, for many high sulfurstreams,pyritic
sulfur resultswere higher than tutal sulfur results. The BILMAT
programcould not resolvethis conflictusingthe initially-inputted
....._-_ ......._ did a ...._ _" _...............S_allUdrUdeviatior,valu_ a,,u ,,,_,,_=_, _h ,.,ho,a!1_,.,oA
more f;exibilityin adjustingthe sulfur results.
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7.2.3 Resultsof Circuit Projections

Table 7.1 presents a summaryof the overall flowsheetperformance
projectionsfor all three coals. All BILMAT data inputsas well as
the projected (adjusted)results for each coal stream shown in
Figures7.1 through 7.3 are shown in these BILMAT outputs.
Table 7.1 indicates that pyritic sulfur rejections ranging from
78.1% to 91.2% were achieved at energy recoveriesfrom 78.1% to
91.2%. As may be expectedthe higherthe pyriticsulfur rejection
the lower the energy recoverywhen comparingresultsfor the three
coals.

TABLE 7.1
CIRCUIT PERFORMANCE ESTIMATIONS

COAL SEAM

PITTSBURGH ILLINOIS NO. 6 UPPER FREEPORT

FLOWSHEET APPROACH CASE C CASE C CASE B

PYRITIC SULFUR REJECTION (%) 81,5 91,2 78.1
ENERGY RECOVERY (%) 78.1 80,7 91.2
SEPARATION INDEX (%) 59.6 71.9 69,3
ASH REJECTION (%) 89,5 87.7 75,7
SULFUR REJECTION (%) 55.9 58.6 61.1

NOTE(S): _ SEPARATION INDEX = % ENERGY RECOVERY. (100. % PYRITIC SULFUR REJECTION)

The relatively poor results of the Pittsburgh seam testing are
likely the result of operationalproblems related to the coarse
water only cycloneprocess. Based uponthese knownproblemsand the
relative theoretical performance of the Pittsburgh coal versus
Illinois No. 6 coal Case C scenarios in the raw coal
characterizationstudy, it is likely that the Pittsburgh coal
performance,couldhavemore closelyapproached,matchedor exceeded
the Illinois No. 6 coal performance if operated under similar
conditions.

Regardless,the overall results show that at least one of the
performancecriteria could be met while achieving a respectable
showing for the other. For both the IllinoisNo. 6 coal and the
Upper FreeportCoal, the efficiencyindiceswere near 70%. Exact
achievement of the 85/85 performancegoals would result in an
separationefficiencyof 70%.

The results of the circuit performanceevaluationsindicatethat
substantialpyriticsulfurrejectionscan be achievedat reasonable
energyrecoveriesby employingconventionalcoal cleaningprocesses
ahead of applicationsof finegrindingand advancedfroth flotation.

The approachused for evaluatingthe bench-scaledata simulatedfull
flowsheetoperationfor all but the finalthickeningand dewatering
units. In actual practice, these units would produce clarified
water (thickening)and diluteeffluents(dewatering)for recycleto
preceding processes. In material balances projections,it is
assumedthat solidsthatwould be recycledwith these streamswould,
afterbuildupand stabilizationof the recirculati_gload, be placed
to the correctproductstream. While not identicalin concept,this

=
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equates to an assumptionthat thickeningand dewateringequipment
solids recoveriesare 100%. Detaileddiscussionof the flowsheet
performanceprojectionsfrom each seam follow.

PittsburghSeam Coal

A estimatedoverallmaterialbalancefor the continuousbench-scale
testingof the Pittsburghseam coal is presentedin Table 7.2. The
flowsheet and mass balance for this test was presented in
Figure 7.1. Overall,the pyriticsulfurrejectionfor thiscoalwas
81.5% at an energyrecoveryof 78.1% which does not meet the 85/85
performancegoals establishedfor the project.

Of the total pyritic sulfur rejected, 86.2% was rejected in
conventionalcleaningequipmentwhile 13.8%was rejectedin advanced
column cell flotation. Similarly,85.6% of the total lost energy
was rejected from the conventional processes while 14.4% was
rejected from the advanced column. The coarse water-onlycyclone
process removednearly 43% of the raw coals pyritic sulfur while
nearly 14% of the raw coal'senergywas lostwith the units'reject.
The coarse water-only cyclone process did not perform to
expectations,and it is anticipatedthat a properlydesignedcircuit
would achieveimprovedresults. Overallflowsheetperformancewould
most Iikely improve.

The mean particlesize of the feed to advancedfroth flotationwas
10.3 microns (DtO - 2.6 microns, D50 - 8.6 microns, Dgo - 20.9
microns). Advancedfroth flotationremoved11.3%of the raw coal's
pyritic sulfurand the fine water-onlycycloneremoved12.7%. The
refuse from each of these processescontainedabout 3% of the raw
coal's energy. The -200M conventionalfroth flotation process
removed 8.3% of the raw coals pyritic sulfur and 1.1% of the raw
coals energy was lost with the reject. Meanwhile, +200M
conventionalflotationremoved 6.6% of the raw coals pyrite, and
0.8% of the raw coals energy was lost in the process.

IllinoisNo.6 Seam Coal

The estimatedflowsheetmaterialbalancefor the IllinoisNo. 6 seam
coal is presentedin Table 7.3. The totalmass balancepredictedby
the BILMAT programwas providedin Figure7.2.

The overallpyritic sulfur rejectionfor this flowsheetwas 91.2%
while the energy recoverywas 80.7% which, again,does not meet the
85/85 performancegoals.
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TABLE7.2
MATERIALBALANCEFORTHE PITI"SBURGHSEAM

3RD LOT

YIELDAND QUALITY PERFORMANCE

UNIT FEED TOTAL FEED
, ,

PYR. PYR.
UNIT % PYRT. TOT, BTU SUL. BTU SUL. BTU

STREAM YIELD OF ASH SUE. SUL. PER REJ. REC. REJ. REC.
DESIGNATION (%) ROM (%) (%) (%) LB. (%) (%) (%) (%)

OVERALL

RAWCOAL FEED 100.0 25,58 2.76 4.66 10,439
.i HI

COARSE W, O. CYCLONE

FEED 100.0 25.58 2.76 4.66 10,439

PRODUCT 82.3 82.3 22,41 1.93 3.83 10,929 42.6 86.2 42.6 86.2

REFUSE 17.7 17.7 40.33 6.66 8.49 8,164

FINEW. O. CYCLONE

FEED 82.3 22.41 1.93 3.83 10,929

PRODUCT 96.1 79.1 22.09 1.56 3.52 10,976 2"2.2 96.5 55.4 83.2

REFUSE 3.9 3.2 30.16 10.98 11.64 9,767

CLASS.CYCLONE(200M)

FEED 79.1 22.09 1.56 3.52 10,976

OVERFLOW 67.8 53.7 26.47 1.06 2.86 10,230

UNDERFLOW 32.2 25.4 12.86 2.63 4.89 12,549

-200M CONV. F. rLOT.

ROUGHERFEED 53.7 26.47 1.06 2.86 10,230

ROUGHERCONC. 75.5 40.5 7.71 0.83 3.22 13,261 40.6 97.9 87.8 51.5

ROUGHERTAILS 24.5 13.1 84.38 1.75 1.76 874

+200M CONV. F. FLOTI

ROUGHERFEED 25.4 12.86 2.63 4.89 12,549

ROUGHERCONC. 93.0 23.7 9.54 2.05 4.49 13,131 27.3 97.3 82.4 29.7

ROUGHERTAILS 7.0 1.8 56.66 10.17 10.19 4,850

COMPOSITECONV. F. FLOT.

ROUGHERFEED 79.1 22.09 1.56 3.52 10,976

ROUGHERCONC. 81.1 64.2 8.38 1.28 3.69 13,213 33.4 97.7 70.3 81.2

ROUGHERTAILS 18.9 14.9 81.06 2.76 2.77 1,351

COLUMN CELLFLOTATION

FEED 64.2 8.38 1.28 3.69 13,213

CONCENTRATE 91.6 58.8 4.59 0.87 3.49 13,866 38.0 96.1 81.5 78.1

TAILS 8.4 5.4 49.79 5.79 5.82 6,095

OVERALLPLANT

FEED 100.0 25.58 2.76 4.66 10,439

CLEAN COAL 58.8 4.59 0.87 3.49 13,866 81.5 78,1

REFUSE 41.2 55.52 5.47 6.31 5,551

TOTAL CIRCUITPERFORMANCE

% PYRITICSULFURREJECTION 81.5

% BTU RECOVERY 78.1
,,,,

% EFFICIENCYINDEX 59.6

% ASH REJECTION 89.5
, ,,,

% TOTAL SULFURREJECTION 55.9
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TABLE7.3

MATERIALBALANCEFORTHE ILLINOISNO. 6 SEAM COAL (BILMATADJUSTED)
TEST 2, BATCH4

YIELDAND QUALITY PERFORMANCE
UNIT FEED TOTALFEED

PYR. PYR.
UNIT % PYRT. TOT. BTU SUL, BTU SUL BTU

STREAM YIELD OF ASH SUL. SUL. PER REJ. NEC. REJ. NEC.
DESIGNATION (%) ROM (%) (%) (%) LB. (%) (%) (%) (%)

OVERALL ....... # .......
ACTUALRAWCOAL FEED 100.0 31,53 2,23 3.73 9,466
RAW COAL FEED (CALC) 100.0 31.96 2.23 3.74 8,936

DESLIMESCREEN (28M)
FEED 100.0 31.96 2.23 3.74 8,936
OVERSIZE 81.0 81.0 30.48 2.19 3.68 9,129
UNDERSIZE 19,0 19.0 38.23 2.42 3.98 8,113
FIEAVYMEDIACYCLONE....
FEED 81.0 30.48 2.19 3.68 9,129
PRODUCT 70,9 57.5 19.27 0.98 3,01 11,594 68.2 90,1 74.8 74.5
REFUSE 12.3 77.86 8,35 7,95 2,246
MAG. SEP. LOSSES 11.2 35.86 1.59 2.41 4,066

REFUSE(INCMAG.SEP.LOSSES) 29,1 23.6 57.85 5,13 5.31 3,114
wATER-ONLYCYCLONE

FEED 76.5 23.98 1.34 3.25 10,729
PRODUCT 96,7 74.0 23.06 1.14 3.10 10,884 17.9 98.1 62.4 90.1
REFUSE 3,3 2.5 51.43 7,37 7,82 6,145

'SIEVEB'i_ND(200M) "
FEED 74.0 23.06 1.14 3.10 10,8B4
OVERSIZE 32,4 24.0 10.07 0.78 3.02 12,813
UNDERSIZE 67,6 50.0 29.29 1.31 3,14 9,957

-200M coNV, F, PLOT, (ROUGHE_RONLY)
FEED 100,0 50.0 29,29 1,31 3.14 9,957
CONCENTRATE 80,3 40.1 14.83 0,89 3,07 12,059 45.2 97,2 84.0 54.1
TAILINGS 19.7 9.9 88.11 2.99 3.41 1,405

200M CONV. F.'FLOT. (Rc)'UGHER"-ONlY)----
ml

iFEED 100.0 24.0 10.07 0,78 3.02 12,813
ICONCENTRATE 99,6 23,9 9.81 0,78 3.02 12,853 0.7 99,9 91,6 34.4

TAILINGS 0.4 , 0.1 72.02 1.36 1.75 3,229
COMPOSITECO'IV. F, FLO'I:'I(48m X O)
FEED 100.O 74.0 23.06 1.14 3.10 10,884
ICONCENTRATE 86.5 64.0 12,96 0.85 3,05 12,356 35.3 98,2 75,6 88.5
TAILINGS 13.5 10o0 87.95 2.97 3.39 1,424
COLUMN CF:'LLFLOTATION
FEED 64.0 12.96 0.85 3,05 12,356
CONCENTRATE 85.3 54.6 7,23 0,36 2.83 13,206 63.8 91.2 91.2 80.7

TAILS ., 14.7 9.4 46.24 .... 3.69.1 4,34 , 7,420 ....
OVERALLPLANT
FEED 100.0 31.96 2.23 3.74 8,936
CLEANCOAL 54.6 7.23 0.36 2.83 13,206 91.2 80.7
REFUSE 45,4 61,70 4,48 4.83 3,801

,., ..

TOTALCIRCUIT PERI:ORMANCE
% PYRITICSULFURREJECTION 91.2
%BTU REcovERY 80.7
_/.EFFICIENCYINDE_ 71.9
% ASH REJECTION 87.7
% TOTALSULFURREJECTION 58.6 ,,

The resultingseparationefficiencyof 71.9%,however,exceedsthat
of 85/85 performance(70%). Of the total pyriticsulfurrejectedin
the f!owsheet_ 83,0_ was rejected from conventional cleaning

_iI processes while 17.0% was rejected from advanced flotation. In
contrastto the Pittsburghseam results,however,only 59.6% of the
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total BTU losseswere attributableto conventionalcleaningdevices
while 40.4% was lost with the advancedflotationreject.

The heavy media cycloneprocessperformedverywell by removing54%
of the raw coals pyrite,while losing 8.2% of the coal's energy.
Meanwhile,conventional,-200M froth flotationremoved13.2% of the
raw coal's pyritic sulfur while the 48M x 0 water-only cyclone
process removed8.2%. Energy losses in these processeswere 1.6%
and 1.7%. Finally, beneficiationby +200M conventionalFroth
flotationprovedof no benefit. On a total feedbasis, bothpyritic
sulfur rejectionand BTU losseswere less than 0.1%.

The mean particlesize of the feed to advancedfroth flotationwas
12.5 microns (DIO - 2.6 microns, D50 - 8.8 microns, D90 - 26.6
microns). About 15.5% of the raw coals pyriticsulfurwas removed
in column flotationand 7.8% of the coals energy was lost in the
process.

Upper FreeportSeam Coal

The estimatedmaterialbalancefor the Upper Freeportseam coal is
presentedin Table 7.4. The mass balancewas shown in Figure 7.3.

Overall pyritic sulfur rejectionfor the Upper Freeport coal was
78.1% at an energy recoveryof 91.2% which does not meet the 85/85
performancegoals. The separationindex based on these valueswas
69.3%which againcloselyapproachesthatof 85/85 performance.Ash
and total sulfur rejectionswere 75.7% and 61.1%. Of the total
pyritic sulfur removed in this test 82.1% was rejected from
conventionalcoal cleaningdeviceswhile 17.9%was rejectedfromthe
advancedcolumn flotationcell. The correspondingsharesof total
energy losseswere 75.0% and 25.0%,respectively.

The mean particlesize of the feed to advancedfroth flotationwas
24.1 microns (DtO- 3 microns, D50- 14.8 microns, D90- 59.5
microns). The column flotationcell rejected 14.0% of the raw
coal's pyriteswhile losing 2.2% of the coals energy to the reject
stream. The heavy media and water-only cyclone processes,
meanwhile, rejected 38.1% and 18.7% of the coal's pyrites while
losing 4.5% and 1.7% of the energy to refuse streams. The minus
200M conventionalfroth flotation circuit rejected 6.8% of the
pyrites and lost 0.4% of the raw coal's energy. The +200M
conventionalfroth flotationprocesswas relativelyineffectivein
that it rejectedonly0.5% of the raw coal'spyriteand improvedthe
ash of the flotation feed from 10.70% to 9.59%. However, this
circuit and the -200M conventionalflotationcircuit combined to
yield a full 34.9% of the raw coals weight to a precleanproduct
stream.
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TABLE 7.4

MATERIAL BALANCE FOR THE UPPER FREEPORT SEAM COAL
TEST 1, BATCH 5

YIELD AND QUALITY PERFORMANCE

UNIT FEED TOTAL FEED

PYR. PYR.
UNIT % PYRT, TOT. BTU SUL. BTU SUL, BTU

STREAM YIELD OF ASH SUL. SUL. PER REJ. REC. REJ. REC.

DESIGNATION (%) ROM (%) (%) (%) LB. (%) (%) (%) (%)

OVERALL #
ACTUAL RAW COAL FEED 100.0 22.53 1.98 2.42 11,878

RAW COAL FEED (CALC) 100.0 21.81 1.87 2.42 11,981

DESLIME SCREEN (28M)
FEED 100.0 21.81 1.87 2.42 11,981

OVERSIZE 78.5 78.5 21.86 1.85 2.35 11,959

UNDERSIZE 21.5 21.5 21.61 1.94 2.71 12,062

HEAVY MEDIA CYCLONE
FEED 78.5 21.86 1.85 2.35 11,959
PRODUCT 85.1 66.8 14.31 1.11 1.64 13,247 49.0 94.3 60.4 73.9

REFUSE 7.9 83.62 8.02 8.22 1,398

MAG. SEPARATOR LOSSES 3.8 26.15 2.09 2.55 11,272

REFUSE (INC, SEP. LOSSES) 14.9 11,7 64.95 6.09 6.38 4,605
WATER-ONLY CYCLONE

FEED 88,3 16.09 1.31 1.90 12,958

iPRODUCT 96,6 85.3 14.83 0,95 1.53 13,181 30,2 98.3 56.8 93.8
REFUSE 3.4 3.0 51.96 11,65 12,47 6,635

SIEVE BEND (200M)
FEED 85.3 14,83 0.95 1.53 13,181
OVERSIZE 30.9 26,4 10.70 0.73 1.45 13,863

UNDERSIZE 69.1 58.9 16.68 1.04 1.56 12,875

-200M CONV. F. FLOT.
ROUGHER FEED 58.9 16.68 1.04 1.56 12,875
ROUGHER CONC. 34,0 20,0 5.06 0.40 1,16 14,880 87.0 39.2 95.7 24.8

ROUGHER TAILS 66.0 38.9 22.65 1.38 1.77 11,845

SCAVENGER CONC. 86.7 33.7 12.88 1.21 1.71 13,516 23.7 98.9 78.2 38.0

SCAVENGER TAILS 13.3 5.2 86.13 2.45 2.14 986

+200M CONV, F. FLOT.
ROUGHER FEED 26.4 10.70 0,73 1.45 13,863

ROUGHER CONC. 56.4 14.9 5,02 0.37 1,16 14,902 71.5 60.7 97.1 18.5

ROUGHER TAILS 43.6 11.5 18.06 1.20 1,83 12,516
SCAVENGER CONC. 96.5 11.1 15.72 1.16 1.81 12,942 7.1 99.8 93.1 12.0

SCAVENGER TAILS 3.5 0.4 82.85 2.45 2.38 705

iCOMPOSITE CONV. F. FLOT.
ROUGHER FEED 85.3 14.83 0.95 1,53 13,181

ROUGHER CONC. 40.9 34,9 5.04 0,39 1.16 14,889 83,3 46.2 92.8 43.4

ROUGHER TAILS 59.1 50.4 21.60 1.34 1,78 11,998
SCAVENGER CONC, 88.9 44.8 13.58 1,20 1.74 13,374 20.3 99.1 71.3 50.0

FLOTATION TAILS 11.1 5,6 85.89 2.45 2.16 986

COLUMN CELL FLOTATION
FEED 44.8 13.58 1.20 1,74 13,374
CONCENTRATE 89.9 40.3 8.79 0.68 1.33 14,215 48.8 95,6 85,3 47.8

TAILS 10.1 4.5 56,43 5.81 5,34 5,859

OVERALL PLANT
FEED 100.0 21.81 1,87 2.42 11,981
CLEAN COAL 75.2 7,05 0.55 1.25 14,528 78.1 91.2

REFUSE 24.8 66.55 5,89 5.97 4,258

TOTAL CIRCUIT PERFORMANCE

% PYRITIC SULFUR REJECTION 78.1

%BTU RECOVERY 91.2
% EFFICIENCY INDEX 69.3

% ASH REJECTION 75,7

% TOTAL SULFUR REJECTION 61.1
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The Upper Freeportcoalwas the only one of the three coals inwhich
a precleaningproductstreambypassedthe advancedfroth flotation
process and this likely contributed to the impressive energy
recovery level attained for the test. While this approach also
reducedthe maximumachievablepyriticsulfurrejectionlevel,it is
unlikelythat a significantimprovementin pyriticsulfurrejection
would have been accomplishedby crushing and recleaning (in the
column flotationcell) the conventionalflotationrougherproduct.
Of the pyrite remaining in the total clean coal, 32.9% is
contributedby the rougher product and 67.1% by the column cell
product. Of the energy in the total clean47.6% is from the rougher
product and 52.4% from the column product. Thus, the rougher
product is cleaner than the column product without further
processing.

7.2.4 Re-Evaluationof the PreliminaryConceptualProcess

Laboratoryand bench-scaletestingthatwas completedin Tasks 5 and
6 addressedmany of the deficienciesthat needed resolvedbefore a
final conceptualflowsheet incorporatingadvanced froth flotation
could be designed. Unfortunately, this testing could not
definitively establish whether overall process performance
objectives could be achieved by any of the coal cleaning
alternativesthat were proposedin Task 2. Additionally,specific
equipment-relateddesigndeficienciesremain to be resolved.

A databasesufficientfor an effectivePOC designhas been provided
for all key elementsrequired. Specificimprovementsin the process
design requirementsinclude:

• A determinationthatpotentialexistsin each of the raw coalsto
meet the 85/85 performancecriteriain the Case B and Case C coal
cleaning alternatives.

• The ability to properly size process circuitry and equipment
basedon the raw coalcharacterizationand continuousbench-scale
testingresults.

• The abilityto operatethe key processelements in a continuous
fashion.

• The abilityto achieveproductmoisture targets.

• The ability to rule out specific operating conditions in POC
testing and thus improvethe chances of approachingoptimized
performancein the POC module.

The only specializedoperatingunit requiredfor continuedprocess
development is the advanced column flotation unit. As earlier
noted, the VPI design has been successfully scaled-up to a
commercialapplicationon lOOM x 0 coal. Investigatorsfeel that,
based on a successfultrack recordin previousscale-upefforts,the
VPI design can be reasonably scaled-up for the POC module
application on 200M x 0 or 325M x o coal. Residual design
deficiencies related to the advanced flotation hardware and
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capabilities,however,may requiremodificationsto the VPI design
before the POC is constructed. This would be required, for
instance,in order to test variousmixing and distributionsoptions
relatedto the distributionof air bubbles, feed slurry, and wash
water, which may significantlyinfluence flotation performance.
These factors will not otherwise restrict further process
development.

The significantresidualdesigndeficienciesrelatedto eachproblem
area identifiedin Task 3. Basedon Tasks 5 and 6 test results,the
technicalsupportgroup can developa sufficientstrategyfor the
POC module operationin order to resolvethe remainingdeficiencies
or provide indicationthat advanced flotation technology is not
ready for a commercialapplicationin which the projectobjectives
can be achieved. The additionalmodificationsrequiredto the VPI
columndesign,if selected,can be achievedin a timelymannerprior
to the POC module installation.

While the Task 5 and 6 data has not proved the Task 2 approach
capable of meeting required performance objectives (85/85
performance goals and 90% on-line process availability),the
following results may be considered as positive indicationsfor
continuedprocessdevelopmentin the POC.

Overall circuit performance projectionsbased on data from the
Pittsburgh seam testing indicate that 82% pyrite rejection is
possible at a 78% energy recovery. During the Pittsburgh seam
tests, it was apparentthat the coarsehydrocyclonedid not perform
as expected and it is anticipatedthat improved performance is
possible. In the POC facility,coarseprecleaningwillbe completed
using a single-or two- stage heavy-mediacyclonecircuit.

Investigatorsstill maintainthat a properlydesignedhydrocyclone
circuitwill be sufficientin the final semi-worksplant design to
effectivelyproducea high ash refuse stream in the I/4 inch x 48M
size fraction, but this option will probably not be further
addressedin testing.

The continuous bench-scale testing of the Illinois No. 6 seam
resultedin overallperformanceprojectionsof 91% pyriterejection
and 81% energy recovery. This again did not meet 85/85 performance
goals, but it is anticipatedthat improvedperformanceis possible
since a portionof coalwas lost in the heavymedia cyclone,product
recovery systems (drain and rinse screens and media recovery
device). Logisticsdid not allow the recovery of coal in these
systems,and the unrecoverablematerialwas consideredas a refuse
stream in the flowsheet performanceprojections. For the same
reason, the Upper Freeport seam projectionsof overall flowsheet
performancemay not be representativeof that expected for the
conceptualflowsheet. These projectionswere 78% pyrite rejection
and 91% BTU recovery.

The raw coal characterizationshave shown that the potentialexists
for each of the coals to achievethe 85/85 performancegoals, and
the performanceprojections,based on bench-scaleunit operations
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testing,has shown that the performancecriteriacan be approached.
Given the difficultiesencountered in applying the bench-scale
testing results to arrive at overall circuit projections,final
determinationcannotnow be made whetherthe preliminaryconceptual
flowsheetcan achieve the 85/85 performancegoals. The results
cited above are encouragingin light of the testing difficulties
experienced.

POC testing results should allow an accurate assessmentof the
potentialfor meetingthe 85/85 performancegoals. Becausethe only
process equipment requiring further hardware developmentis the
advanced flotationcell and since a versionof the proposed unit
(VPI approach) has already been installed in a commercial
application,investigatorsare confidentthat the processwill be
capable of 90% on-stream availability. This also can be
demonstrated to a high level of certainty in the POC module
operation.

Economicsof specific alternativesof the preliminaryconceptual
design cannotbe determined,to a high degreeof accuracy,based on
the laboratoryand bench-scaletesting results. Final economics
will be dependenton the specificcoal cleaning approachtaken in
the final conceptualflowsheetfor each coal, and on the resulting
yield of clean coal. Economicswill of course significantlyimpact
the degreeto which this technologywill be commerciallyimplemented
or consideredby the coal industry. PreviousDOE researchhas shown
than physicalcoal cleaningcan reduce sulfur levels in coal more
effectivelythan competingsulfur reductionstrategies. Physical
coal cleaningapproachescan also complementother sulfurreduction
strategies by removing a bulk of the pyrites as well as other
undesirablemineralsprior to coal utilization.

Thus, in the end, the optimum economicsof implementingadvanced
froth flotationtechnologieswill balancepyriticsulfur rejection
levels with the requiredcosts to achievethese levels. The best
economics may not require 85% pyrite rejection and 85% energy
recovery. In order to estimate the relationship of cost to
performance, the POC can be built with the flexibility to
continuouslytest each alternativecoal cleaning process of the
preliminaryflowsheet on each of the three coals. This is the
suggested approach, and the Task 5 and 6 test results resolved
design deficienciesto the extent that this approach can now be
successfullyimplemented.

8.0 REVISED CONCEPTUALDESIGN OF SEMI-WORKSPLANT

8.1 Overview and Scope

Following DOE authorization to proceed with this task, the
preliminaryconceptualdesignof a 20TPH semi-worksplant (Task2)
was redesignedfrom all informationavailableat this point in the
project. This update of the conceptual design incorporated
informationderivedabout fine grinding,advancedfroth flotation,
and dewatering in Tasks 5 and 6. The summaryreport produced in
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Task 7 describingbench-scaletestresultsand componentdevelopment
was used as a basis.

This task compliedwith all of the design requirementsdiscussedin
Task 2. The processflowsheetwas updatedwith completeenergyand
material balancesfor all processflowstreams. The equipmentlist
was updated and supplied the base for a recalculationof the
factoredestimateof the capital,operatingand maintenancecosts.
In addition,differencesbetween the designs in Task 8 and Task 2
was highlighted and their effects on process and plant design
credibility, efficiency, maintenance, operation, complexity,
control,performance,and economicswere discussed.

ICF Kaiser Engineers,with assistancefrom its sub-contractorsand
the TechnicalSupportGroup,were responsiblefor the completionof
this task. This designwill serve as a basis for the POC design in
Task 9 and the final semi-worksdesign in Task 15.

8.2 Review of Work Completedthis Quarter

The Task 8 reportwas begun after the completionof Task 7. At this
time only the basicshave been startedand no conclusionshave been
reached. This Task report will be completed during the next
quarter.

9.0 POC MODULE DESIGN

9.1 Overview and Scope

In order to developadditionalconfidencein the conceptualdesign
of the advancedfroth flotationcircuit,a 2-3 TPH Proof-of-Concept
(POC) facilitywas necessary. During operationof this facility,
the ICF KE team will demonstratethe ability of the conceptual
flowsheets to meet the program goals of maximum pyritic sulfur
reduction coupled with maximum energy recovery on three DOE
specifiedcoals. The POC circuitwas designedto be integratedinto
the Ohio Coal Development'sfacilitynear Beverly,Ohio.

OCDO's facilitywill provide the precleaningunit operationsand
ICF KE will add the advancedfroth flotationcircuitry. The work in
this task will include the POC conceptual design, flowsheet
development,equipmentlist, fabricationand constructiondrawings,
procurement specifications and bid packages and a facilities
estimate at the completion of design. After DOE approval,the
design was finalizedfor the next task.

9.2 Review of Work CompletedThis Quarter

The preliminarydesign of the flowsheetwas started as well as
sizing the equipmentrequiredfor the POC. Work will continueinto
the next quarter.
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I0.0 TASKS I0 THROUGH 16

I0.1 Reviewof Work CompletedThis Quarter

No work was scheduledfor Tasks 10 through16 this quarter.
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