
i
i

IllllIllllLLLlI





QUARTERLY TECHNICAL PROGRESS REPORT 5
OCTOBER - DECEMBER, 1993

ENGINEERING DEVELOPMENT OF ADVANCED PHYSICAL
FINE COAL CLEANING FOR PREMIUM FUEL APPLICATIONS

Prepared for
U. S. Department of Energy

Pittsburgh Energy Technology Center
Pittsburgh, Pennsylvania 15236

By
Frank J. Smit

Mahesh C. Jha
Amax Research & Development Center

Golden, Colorado 80403-7499

DOE Contract No. DE-AC2?-92PC92208
Amax R&D Project No. 91455

February 18, 1994

DISTRIBUTION OF THIS DOCUMENT t$ IJNLLMITP.I_ _f_



LEGAL NOTICE

THIS REPORTWAS PREPAREDBY AMAX RESEARCH&
DEVELOPMENTCENTERAS AN ACCOUNT OF WORK
SPONSORED BY THE PITTSBURGHENERGYTECHNOLOGY
CENTER. NEITHER AMAX RESEARCH& DEVELOPMENT
CENTER NOR ANY PERSONACTING ON ITS BEHALF:

(A) MAKES ANY WARRANTY,EXPRESSEDOR IMPLIED,
WITH RESPECTTO THE USE OF ANY INFORMATION,
APPARATUS,METHOD,OR PROCESSDISCLOSED IN
THIS REPORTOR THAT SUCH USE MAY NOT
INFRINGEPRIVATELYOWNED RIGHTS; OR

(B) ASSUMES ANY LIABILITIESWITH RESPECT TO THE
USE OF, OR FOR THE DAMAGES RESULTING FROM
THE USE OF, ANY INFORMATION,APPARATUS,
METHOD, OR PROCESSDISCLOSEDIN THIS
REPORT.

DISCLAIMER

This report was preparedas an account of work sponsored by an agency of the United States
Government. Neither the United States Governmentnor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product,or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product,process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.



TABLE OF CONTENTS

EXECUTIVE SUMMARY ............................... 1

INTRODUCTION/BACKGROUND ........................ 8

SPECIFIC OBJECTIVES OF PROJECT ...................... 8
APPROACH ....................................... 9

ACCOMPLISHMENTS DURING QUARTER ................ 12

TASK 1. PROJECT PLANNING .......................... 12

Subtask 1.2 Project Plan Revisions ..................... 12
TASK 2. COAL SELECTION AND PROCUREMENT ............. 16

Sample Testing .................................. 16
Discussion ..................................... 18

TASK 3. DEVELOPMENT OF NEAR-TERM APPLICATIONS ........ 18

Subtask 3.1. Engineering Analyses ..................... 18
Subtask 3.2. Engineering Development .................. 19

TASK 4. ENGINEERING DEVELOPMENT OF ADVANCED FROTH
FLOTATION FOR PREMIUM FUELS ........................ 19

Subtask 4.1. Grinding ............................. 21
Subtask 4.2. Process Optimization Research ............... 22

Parametric Testing of Winifrede Coal .................. 22
Parametric Testing of Taggart Coal .................... 27
Parametric Testing of Indiana VII Coal ................. 30
Parametric Testing of Sunnyside Coal ................. 30
Parametric Testing of Packed Column ................. 31
Status of Packed Column Testing .................... 44

Subtask 4.3. CWF Formulation Studies .................. 44

Taggart Seam Coal-Slurry Fuels ..................... 45
Subtask 4.4. Bench-Scale Testing and Process Scale-Up ....... 48
Subtask 4.5. Conceptual Design of the PDU and
Advanced Froth Flotation Module ....................... 50

TASK 5. DETAILED ENGINEERING DESIGN OF THE PDU AND
ADVANCED FLOTATION MODULE ........................ 51
TASK 6. SELECTIVE AGGLOMERATION LABORATORY RESEARCH
AND ENGINEERING DEVELOPMENT FOR PREMIUM FUELS ....... 52

Subtask 6.2. Grinding ............................. 52
Subtask 6.3. Process Optimization Research ............... 55
Subtask 6.6. Conceptual Design of the Selective Agglomeration
Module ........................................ 55



TABLE OF CONTENTS
(Continued)

PLANS FOR NEXT QUARTER .......................... 59

REFERENCES ...................................... 6o

APPENDIXA. ACRONYMS/ABBREVIATIONS.................... 62



LIST OF TABLES

Table 1. Outlineof Work BreakdownStructure ............... 13

Table 2. Actual Rangesof FlotationParametersDuringMatrix
Testingof WinifredeCoal Slurryat Amax R&D ......... 24

Table 3. Parametric Column F!otationTestingof Winifrede
Coal at Amax R&D ........................... 25

Table 4. Denver Cell Flotation of Original and Reground
Winifrede Slurry ............................. 27

Table 5. Actual Ranges of Flotation Parameters During Matrix
Testing of Taggart Coal Slurry at Amax R&D .......... 28

Table 6. Parametric Column Flotation Testing of Taggart
Coal at Amax R&D ............................ 29

Table 7. Column Flotation Parameters and Percent Ash and
HHV Recovery Obtained Using Statistically
Designed Experiments 'or Sunnyside Coal ............ 30

Table 8. Packed Column Flotation for Winifrede Coal .......... 36

Table 9. Packed Column Flotation for Sunnyside Coal .......... 40

Table 10. Taggart Column Flotation Concentrate SlurP/
Properties ................................. 46

Table 11. Optimized Size Distribution for 300 x 0.5 Micron
Size Range ................................ 47

Table 12. Parametric Grinding Tests on Dietz Coal (HGI = 41)
in 1.2-m Ball Mill and 40-Liter Stirred Ball Mill .......... 53

Table 13. Low-Rank Coal Results ........................ 56



LIST OF FIGURES

PaQe

Figure 1. Project management organization chart............... 10

Figure 2. Project schedule.............................. 14

Figure 3. Processing cost summary (S/st).................... 20

Figure 4. Grade-recoverycurveobtained by Microcel flotation of
fine Winifredecoal at VPI........................ 23

Figure 5. Grade-recovery data for laboratory column flotation of
fine Winifredecoal at Amax R&D.................. 26

Figure 6. Response surface block diagram and contours for solids
concentration and retention time for HHV recovery at
a fixed airflow of 3.5 liters/minute................... 32

Figure 7. Response surface block diagram and contours for solids
concentration and retention time for percent ash in
clean coal at a fixed airflow of 3.5 liters/minute.......... 33

Figure 8. HHV recovery and percent ash in clean coal as a
function of wash water addition fo="Sunnyside coal....... 34

Figure 9. Column flotation and release analysis curve for
Sunnyside coal............................... 35

Figure 10. Response surface block diagram and contours for solids
concentration and airflow for HHV recovery for Winifrede
coal at 8 minutes retention time.................... 38

Figure I1. Response surface block diagram and contour for solids
concentration and airflow for grade (ash content) for
Winifrede coal at 8 minutes retention time............. 39

Figure 12. Effect of wash water rate on HHV recovery and percent
ash in clean coal for Winifrede coal usingthe packed
column.................................... 40

Figure 13. Response surface block diagram and contour for solids
concentration and airflow for HHV recovery for
Sunnyside coal at 5 minutes retention time............ 41

iv



LIST OF FIGURES
(Continued)

Figure 14. Responsesurface block diagramand contourfor solids
concentrationand airflowfor grade (ash content)of clean
coal for Sunnysidecoal at 5 minutesretentiontime....... 42

Figure 15. Effectof wash water rate of HHV recoveryand percent
ash in clean coal for Sunnysidecoal usingthe packed
column.................................... 43

Figure 16. PSD comparisonsof as-producedand regroundTaggart
flotationcoals with optimizedCWF distributions.......... 49

Figure 17. Ball mill grinding rate versus80 percentpassingsize
(D80) for six test coals.......................... 53

Figure 18. Stirred ball mill grindingrate versus80 percent
passingsize (D80) for six testcoals.................. 54

Figure 19. Ash liberationversus80 percentpassingsize (DS0) for
Dietz coal ground in the 40-liter stirred ball mill.......... 54

Figure 20. pH reduction power of acetic acid and EDTA........... 57



EXECUTIVE SUMMARY

This project is a major step in the Department of Energy's program to show
that ultra-cleancoal-waterslurryfuel (CWF) can be produced from selected coals
and that this premium fuel will be a cost-effectivereplacementfor oil and natural
gas now fueling some of the industrialand utilityboilersin the UnitedStates.

The replacement of oil and gas with CWF can only be realized if retrofit costs
are kept to a minimum and retrofit boiler emissions meet national goals for clean
air. These concerns establish the specifications for maximum ash and sulfur levels
and combustion properties of the CWF.

This cost-share contract is a 51-month program which started on September
30, 1992. This report discusses the technical progress made during the 5th quarter
of the project from October 1 to December 31, 1993.

SPECIFIC OBJECTIVES OF PROJECT

The project has three major objectives:

• The primary objective is to develop the design base for prototype commercial
advanced fine coal cleaning facilities capable of producing ultra-clean coals
suitable for conversion to coal-water slurry fuel for premium fuel applications.
The fine coal cleaning technologies are advanced column flotation and selective
agglomeration.

• A secondary objective is to develop the design base for near-term application of
these advanced fine coal cleaning technologies in new or existing coal
preparation plants for efficiently processing minus 28-mesh coal fines and
converting this to marketable products in current market economics.

• A third objective is to determine the removal of toxic trace elements from coal
by advance column flotation and selective agglomeration technologies.

APPROACH

The project team consists of Cyprus Amax Minerals Company through its
subsidiaries Amax Research & Development Center (Amax R&D) and Amax Coal
Company (Midwest and Cannelton Divisions), Bechtel Corporation, Center for
Applied Energy Research (CAER) of the University of Kentucky, Arcanum
Corporation, and Virginia Polytechnic Institute (VPI). Dr. Douglas Keller of Syracuse
University is a consultant to the project.

The project effort has been divided into four phases which are further divided
into eleven tasks, including coal selection, laboratory and bench-scale process



optimization, design, construction, and operation of a 1.8 tonne/hour process
development unit (PDU). Tonnage quantities of the ultra-clean coals will be
produced in the PDU for combustion testing by the DOE. Near-term applications of i
advanced cleaning technologies to existing coal preparation plants will also be
studied.

ACCOMPLISHMENTS DURING QUARTER

The annual Task 1 reviewand updatingof the ProjectManagementPlanwas
accomplished early during the quarterand activitiescontinuedon Phase I Tasks 2
through 6 as described below.

Task 1. Proiect Plannina
v

Duringthe quarter, the ProjectManagementPlan was revised and submitted
to DOE. The followingforms showingthe detailedplans for F-'Y1994 were also
submitted separately:

Form F 1332.3 Milestone Schedule Plan
Form F 1332.4 Labor Plan
Form F 1332.7 Cost Plan

The labor plan was revised and Amax R&D's labor hours were reduced for
two main reasons. First, Virginia Tech was added to the project team as a
subcontractor. Second, some of the labor hours originally planned for analytical
and shop activities were reallocated to the "Other Direct Cost" category.

Based on the experience of the first year of the project, some subtask
budgets were revised. The overall budget for the project, however, remained
unchanged. The project has fallen behind schedule by about three months and is
now scheduled for completion by the end of calendar year 1996.

Task 2. Coal Selection and Procurement

Six coals (namelyTaggart, Indiana VII, Sunnyside,Winifrede,ElkhornNo. 3,
and Dietz) were selected for testingduringPhase I. The fir._tfive are washed
bituminouscoals and the last is a subbituminouscoal. Twenty tonne lotsof the
coals were purchasedfor use during the project. Each lot has been crushed,
sampled, and stored for use as needed duringthe project.

All of the above test coalswere relativelylow in pyritesulfuras well as being
low in organic sulfur. Processingthese coals may not challengethe pyriteremoval
abilitiesof the advanced cleaningtechnologies,so the DOE requestedAmax R&D



to consider alternate test coals that contained more pyrite. The choices of coal
would still be restricted to those containing less than 258 g/GJ (0.6 Ib/mmBtu)
organic sulfur since the latter form of sulfur would not be removed by any physical
cleaning process.

Using data provided by the DOE from their database of channel sample
analyses, Amax R&D conducted a telephone survey to locate sources of high pyrite
sulfur/low organic sulfur ratio coals. Three potential sources were identified and
samples were obtained from two of the mines for examination at Amax R&D. The
two coals were as follows:

• Ohio No. 7 coal from the Buckeye Industrial Mine.
• Sewickley coal from the Warwick Mine in Pennsylvania.

The Ohio No. 7 coal was indeed found to be a high pyrite coal containing less
than 258 g/GJ organic sulfur. It was also found that much of the pyrite would be
rejected in a conventional washing plant and that very fine grinding would be
required to liberate the ash minerals ahead of advanced flotation or agglomeration.
In this respect, the Ohio No. 7 resembles the Winifrede coal previously selected for
testing. The Sewickley coal was found to contain more organic sulfur than the
channel samples in the DOE database and would not meet the <258 g/GJ
specification. It was learned that the third coal (from the Matiki Mine in Maryland)
is a medium volatile coal which probably would not respond well to the advanced
cleaning technologies.

It was decided that there would be no advantage in substituting one of these
three coals for one of the six test coals already being tested during Phase I.

Task 3. Development of Near-Term Applications

The topical report for Subtask 3.1, Engineering Analysis, was finalized by
Bechtel and distributed to DOE and project team members on November 15, 1993.
The report presents conceptual designs and cost estimates for the addition of
advanced coal cleaning circuits (column flotation or selective agglomeration) to
process minus 100-mesh fines into marketable products (filter cake, dry powder, or
briquettes). Three Amax coal preparation plants (Ayrshire, Lady Dunn, and
Wabash) were evaluated as potential sites. The general conclusion was that
column flotation would be less expensive than selective agglomeration. Drying and
briquetting add significantly to the processing costs, but their inclusion may be
justified based on the specific niche markets.

Work will now move towards actual testing of advanced column flotation
technology at bench-scale under Subtask 3.2. The possibility of field testing at a
larger scale will also be evaluated.



Task 4. Enaineer!nq Development of Advanced
Froth Flotation for Premium FUels

Task 4 is divided into five subtasks. There was activity on each of the
subtasks during the quarteras described below.

Subtask 4.1. Grindina

A topical report describing the grinding test work was drafted during the
quarter for submission to the DOE during January 1994 for comment and approval.
The report contains the grinding parameters to be used for each of the five
bituminous coals when designing the PDU. Winifrede coal, in particular, will require
ultra-fine grinding (to D80 <11 /_m) and installation of the largest grinding capacity
(341 kW/tph).

Subtask 4,2. Process Optimization Research

The laboratory-scale flotation researchhas been divided among members of
the team. CAER is evaluatingequipmentdesign variablesand the flotation
responseof ElkhornNo. 3, Sunnyside,and Winifredecoals. VPI is evaluatingthe
performanceof the Microcelaerationsystemand the flotation responseof Indiana
VII and Winifrede coals. Amax R&D is evaluatingTaggart and Dietz coals. Amax
R&D is also obtainingcomparisondata for Winifredecoal and supplyingground
coal slurriesto the other membersof the team.

For the most part, the laboratory flotation response testing of the five
bituminous coals was completed at each location and the results were being
evaluated at the end of the quarter. The initial observations were that the target
ash and HHV recovery specifications can be met for Taggart, Elkhorn No. 3, and
Sunnyside coals, but the specifications will be more difficult to meet with Winifrede
coal. These observations were consistent with results of earlier laboratory batch
flotation testing at Amax R&D to quantify the liberation characteristics of the coals.
The column flotation results were not available for the Indiana VII coal, and work on
the Dietz coal was deferred until a viable flotation scheme is developed for low-rank
coal.

CAER conducted tests on Winifrede and Sunnyside slurries in a l O0-mm (4-
inch) packed column for comparison with results of tests in conventional columns
equipped with internal and external air spargers. Further optimization of the packed
column operation is planned, but so far the comparisons have favored the
conventional configurations with respect to ash reduction:



Conventional Packed
HHV HHV

Ash, % Recovery.% Ash, % Recovery,%

Winifrede 3.5 85 4.25 >90
Sunnyside 2.1 90 3.75 99

Subtask 4.3. CWF Formulation Studies

The objective of Subtask4.3 is to definethe processsteps necessaryto
prepare a premium grade coal-waterslurryfuel (CWF')from column flotation
product. These processsteps includethe following:

• Grindingto achieve an optimumparticlesize distribution.
• Reagent additionsto achievethe desiredslurrytheology.
• Mixingto reslurrythe dewateredfroth.

It is expected that the initialtest work willbe on clean c'_al producedduring
Subtask 4.2 (laboratoryscale columnflotation)and Subtask4.4 (bench-scale
columnflotation). The subtasktest plan was approvedby DOE/PETC project
management and issuedon October 21, 1993.

Testing began duringthe quarter on Taggart seam clean coal produced from
the Subtask 4.2 lO0-mm columnflotationof minus62-mesh coal. The initialtests
indicatedthat the flotationproduct lackedsufficientultra-fineparticles to provide
stable slurrywith good rheology. It appearsthat additionalgrindingwillbe
required after flotationto optimizethe particlesize distribution.

Subtask 4.4. Bench-Scale Testing and Process Scale-Up

The Ken-Flote0.3-m diameterby 4.6-m (1- by 15-foot)bench-scalecolumn
flotationsystem that had previouslybeen used for the processcontrolemerging
technologyproject at PETC was installedin the Amax R&D pilotplant area for the
bench-scaletesting. The unitwill have capacityin the 50 to 100 kg/hr range (dry
coal, equal to 100 to 200 Ib/hr). The systemwas started up successfullywith
Elkhom No. 3 slurry,and the fuzzy logic leveland flow controlsystemsperformed
very well. Parametrictestingof Elkhom No. 3 coal will begin in January.

Subtask 4.5. Conceptual Desion of the PDU and Advanced Froth Flotation
Module

The topical report for Subtask4.5, subtitled"ConceptualEngineering
Package", was issued on December10, 1993. The concept is for the productionof
1.8 tph (2.0 stph on a dry basis) of clean coal by columnflotation in a PDU to be



located at Amax R&D in Golden, Colorado. The unit will be designed for
continuous production of ultra-clean coal meeting project specifications and to
demonstrate process scale-up when cleaning three of the test coals. The PDU will
also be capable of demonstrating near-term applications, including drying and
briquetting of fine coal into marketable forms, and will be housed in existing pilot
plant buildings at Amax R&D.

Task 5. Detailed Engineerina Deslan of
the PDU and Advanced Flotation Module

Bechtel has started planning activities for this task. Plant 400, filtering and
dewatering, will be designed first. The plant will utilize filters already in place at
Amax R&D Center as well as filters transferred from the Wilsonville selective
agglomeration POC plant.

Task 6. Selective Agqlomeration Laboratory
Research and Enaineerina Development for Premium Fuels

Task 6 is divided into six subtasks. There was activity in three of the
subtasks during the quarter, namely Subtask 6.2 (Grinding), Subtask 6.4 (Process
Optimization Research), and Subtask 6.6 (Conceptual Design of the Selective
Agglomeration Module).

Subtask 6.2. Grindinq

The continuous grinding tests for preparation of feed for selective
agglomeration were finished during the quarter with completion of parametric 1.2-m
ball mill and 40-liter stirred ball mill tests on Dietz coal. Dietz is a subbituminous
coal with a Hardgrove grindability of 41. As a result of the lower grindability,
grinding capacities of the two mills were reduced by 40 to 50 percent from the
capacities noted for the bituminous coals. Liberation tests indicated that the coal
needs to be ground to an 80 percent passing size of 20/Jm in order to meet the
product ash specification.

Subtask 6.3. Process Optimization Research

The effects of pH and chelating agent addition on the selective agglomeration
of Dietz coal were investigated with heptane bridging liquid. Reduction of the pH
was found to be a requirement for efficient agglomeration. EDTA (ethylene diamine
tetraacetic acid) chelating was found to be helpful, but acetic acid was found be a
more effective agent for pH reduction on a mass basis.

Subtask 6.6. Conceptual Design of the Selective Aaqlomeration Module

During the quarter, a preliminary planning meeting was held at Bechtel.
Focus of initial activities was on evaluation of relative costs and medts of two



potential designs. The firstwill be similar to the design developed and tested by
Arcanum and Bechtelat Homer City using heptane as the agglomeratingagent in a
series of high and low shearstirred tank reactors. The second approach wi=luse a
single-stagenovel design reactorproposed by Dr. Kellerbased on his past
experiencewith the Otiscaagglomerationsystemwhich used pentane as the
agglomerating agent. The second systemoffers potentialfor cost savingsbut may
need more developmenteffort.



INTRODUCTION/BACKGROUND

The main purpose of this project is engineering development of advanced
column flotation and selective agglomeration technologies for premium fuel
applications. Development of these technologies is an important step in the
Department of Energy program to show that ultra-clean fuel can be produced from
selected United States coals and that this fuel will be a cost-effective replacement
for a portion of the oil and natural gas burned by electric utility and industrial
boilers in this country. Capturing even a relatively small fraction of the total utility
and industrial oil-fired boiler fuel market would have a significant impact on
domestic coal production and reduce national dependence on petroleum fuels.
Significant potential export markets also exist in Europe and the Pacific Rim for
cost-effective premium fuels prepared from ultra-cleancoal.

The replacement of oil and natural gas with CWF can only be realized if
retrofit costs and boiler derating are kept to a minimum. Also, retrofit boiler
emissions must be compatible with national goals for clean air. These concerns
establish the specifications for the ash and sulfur levels and combustion properties
of ultra-clean coal discussed below.

The cost-shared contract effort is for 51 months beginning September 30,
1992, and ending December 31, 1996. This report discusses the technical progress
made during the fourth quarter of the project, October 1 to December 31, 1993.
Four quarterly reports have been issued previously.1'2'3'4

SPECIFIC OBJECTIVES OF PROJECT

The three major objectives of this project are discussed below.

The primary objective is to develop, the design base for prototype
commercial advanced fine coal cleaning facilities capable of producing ultra-clean
coals suitable for conversion to stable, highly loaded coal-water slurry fuels which
contain less than 860 grams ash per gigajoule HHV and preferably less than 430
grams ash per gigajoule HHV and less than 258 grams of sulfur per gigajoule HHV.
These amounts are equivalent to the 2 pounds of ash and preferably less than 1
pound of ash per million Btu HHV and less than 0.6 pound of sulfur per million Btu
HHV stated in the solicitation. The advanced fine coal cleaning technologies to be
employed are advanced column froth flotation and selective agglomeration.
Operating conditions during the advanced cleaning processes will allow recovery of
at least 80 percent of the Btus in run-of-mine source coals at an annualized cost of
less than $2.37 per gigajoule ($2.50 per million Btu), including the mine mouth cost
of the raw coal.

A secondary objective of the work is to develop the design base for near-
term commercial applications of advanced fine coal cleaning technologies suitable



for integration into new or existing coal preparation plants for the purpose of
economically and efficiently processing minus 28-mesh coal fines. The design base
will also include the auxiliary systems required to yield a shippable, marketable
product such as a dry clean coal product.

A third objective of the work is to determine the distribution of toxic trace
elements between clean coal product and refuse during the cleaning of various
coals by advanced froth flotation and selective agglomeration technologies. Eleven
toxic trace elements have been identified. They are antimony, arsenic, beryllium,
cadmium, chromium, cobalt, lead, manganese, mercury, nickel, and selenium. The
results will show the potential of removing these toxic trace elements from coal by
advanced physical cleaning.

APPROACH

A team headed by Amax Research & Development Center (Amax R&D) was
formed to accomplish the project objectives. Figure 1 shows the project
organization chart. Amax R&D is managing the project and also providing
laboratory and pilot plant facilities and expertise in the areas of coal characterization
and coal slurry fuel preoaration. Amax Coal Company (now part of Cyprus Amax
Coal Company) is providing operating and coal marketing experience and some of
the coals to be used during the program. Bechtel Corporation is providing
engineering and design capabilities and the operating experience it gained while
managing similar proof-of-concept projects for the DOE. The Center for Applied
Energy Research (CAER) at the University of Kentucky and Virginia Polytechnic
Institute and State University (VPI) are providing research and operating experience
in the column flotation area, and Arcanum Corporation is providing similar
experience in the selective agglomeration area. Dr. Douglas Keller of Syracuse
University is serving as a consultant in the area of coal source selection and
selective agglomeration.

The overall engineering development effort has been divided into four phases
with specific activities as follows:

Phase I encompasses preparation of a detailed Project Work Plan, selection
and acquisition of the test coals, and laboratory and bench-scale testing. The
laboratory and bench-scale work will determine the cleaning potential of the
selected coals and establish design parameters and operating guidelines for a
process development unit (PDU) containing advanced column flotation and selective
agglomeration modules. A conceptual engineering design is being prepared for a
fully integrated and instrumented 1.8-tonne/hour PDU incorporating the features
determined from the laboratory and bench-scale studies. A generic approach is
being followed during the laboratory studies for selection of the flotation and
agglomeration systems for the PDU which will best meet project objectives.
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The propertiesof slurryfuels prepared from the ultra-cleancoals also will be
determined during Phase I, and test lots of ultra-cleancoalswill be prepared by
bench-scalecolumn flotationand bench-scaleselectiveagglomerationfor end-use
testing by the DOE. The distributionof toxictrace elementswill be determined
during productionof these test lots.

In addition, methods for applying the advanced cleaningtechnologies in
existingcoal preparationplants in the near term will be studiedduring Phase I.

Phases II and III cover the constructionand operationof the 1.8-tonne/hour
PDU. Phase II will be for advancedcolumnflotationand Phase III will be for
selective agglomeration. Process performancewill be optimizedat the PDU-scale,
and 180-tonne lots of ultra-cleancoal will be prepared by column flotationand
selective agglomerationfrom each of three test coals. Toxic trace element
distributionswill also be determinedduringthe productionruns. The ultra-clean
coals will be delivered to the DOE for end-usetesting. In addition and as part of
Phases II and III, near-termapplicationsidentifiedin Phase I will be tested in the
PDU.

Phase IV covers decommissioning the PDU, restoration of the host site, and
preparation of the final project report.

11



ACCOMPLISHMENTS DURING QUARTER

As shown in the Work Breakdown Structure(Table 1), the four phases of the
project have been furtherdivided intotasks and subtasks. Figure 2 showsthe
project schedule. Each task and subtaskhave specificobjectivesthat may be
inferredfrom its title. Work was done on Tasks 1 through6 of Phase I during the
October 1 to December 31, 1993, reportingperiod.

TASK 1. PROJECT PLANNING

Subtask 1.2. Project Plan Revisions

During the quarter, the Project Management Plan was revised and submitted
to DOE. Annual revision of the labor and cost plans is required by the contract.
The following forms, which were included in the revised Management Plan, were
also submitted to DOE separately:

Form F 1332.3 MilestoneSchedule Plan
Form F 1332.4 Labor Plan
Form F 1332.7 Cost Plan

The labor plan was revisedand Amax R&D's labor hours were reduced for
two main reasons. First, Virginia Tech was added to the project team as a
subcontractor, and some of the work to be performed in-house will now be
performed by them. They will evaluate the performance of the Microcel column
design for production of premium fuels. Secondly, some of the labor hours
originally planned for analytical and shop activities have been removed and the
equivalent budget has been added to the "Other Direct Cost" category. This was
done because of the change in internal policy of Amax R&D.

= Based on the experience of the first year of the project, some subtask
budgets were revised. The overallbudget for the project, however,remains
unchanged. The project has fallen behindschedule by about three monthsand is
now scheduled for completionby the end of calendaryear 1996.

After the revised Management Plan was submitted to DOE, the merger of
AMAX into Cyprus took place and the R&D Center employees received notice of
plant closure effective December 29, 1993. However, Cyprus Amax management
has planned a transition phase for the project during which key project staff will be
retained as contract employees and work will continue while a new project
management structure is agreed upon by Cyprus Amax and DOE.

12



RevkNKiJanuary 12, 1993

Tabtl 1. Outlineof WorkBrel_down Sln.mluro

Phase !. EngineeringAnaly=is _ Leb_.atory and Banch-Scale R&D

Task 1. ProjectPlanning

Subtask 1.1. Project Work Plan
Subtask 1.2. Project Work Plan Revisions

Task 2. Coal Selectionand Procurement
Subtask 2.1. Coal Selection

Subtask 2.2. Coal Procurement,Preclesnlngand Storage

Task 3. Developn'm_ of Nes_r-TermApplications
Subtask 3. I. EngineeringAnalyses
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TASK 2. COAL SELECTION AND PROCUREMENT

At the request of the DOE, Amax R&D checked the availabilityand suitability
of alternative coals for testing during the premium fuels project. The DOE
specifically asked that coals be considered which contain more pyrite than the six
coals selected during Task 2.5 The DOE also provided a list identifying high pyrite
sulfur/low organic sulfur ratio coal seams by county that might fit project
requirements. The list was extracted from the DOE database of channel sample
analyses.

A telephone survey was made of mines listed in Keystoneas operating in the
identified countiesmining the identifiedcoals. The survey focused on Pennsylvania,
Ohio, and Maryland coals. In most cases, the listed mines were found not to be
operating in the identifiedseam or else operatingintermittentlyor at low production
rates. In other cases, currentproductionwould not meet the targetof less than
258 g/GJ (0.6 Ib/mmBtu) organicsulfurin the coal.

Two mines were located, though, which had substantial production of high
pyrite/low organic sulfur coal and which agreed to furnish Amax R&D with 5-gallon
samples of their coals for testing in order to verify sulfur content and cleaning
characteristics. The two mine sources were as follows:

1. Ohio No. 7 coal (Upper Freeport), Buckeye Industrial Mine, Columbiana
County, Ohio.

2. Sewickley coal, Warwick Mine, Duquesne Light Company, Greene County,
Pennsylvania.

The above operators indicated a willingness to supply truck lots of the respective
coals in the event their coals were selected for project use. Buckeye mines coal
from a number of locations in Columbiana County, and Ohio No. 7 represents a
small portion of their production. The rest contains considerably more organic
sulfur. All of the Warwick production is from the Sewickley seam. A third potential
source (Matiki Mine in Maryland) was also considered, but further checking
indicated that Matiki coal is near medium volatile in rank. Higher rank coal is
usually very hydrophobic and examples such as Maxwell from Colorado and Upper
Freeport from Indiana County, Pennsylvania, have been difficult to work with during
flotation and selective agglomeration, so no sample was requested from that mine.

Sa.mpleTestlna

The samples were crushed to 6 mesh and splits taken for head analyses and
liberation testing. The following analyses were obtained for the two as-received
samples:
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Ohio No. 7 Sewickle¥

ProximateAnalysis,%
Moisture 2.79 4,91
Ash 7.01 8.58
VolatileMatter 34.58 32.18
Fixed Carbon 55.74 54.33

HHV, Btu/Ib 13,606 13,169
SulfurForms, %

Total 2.67 1.94
Pyrite 2.39 0.98
Sulfate 0.002 0.002
Organic 0.28 0.96

OrganicSulfur, Ib/mmBtu 0.21 0.73
PyriteSulfur, Ib/mmBtu 1.76 0.74

The agglomerationliberationtestingwas with heptane on coal groundto
nominallypassing325 mesh, and the testingproduced the followingresults:

OhiONo. 7 Sewickley

D80,/Jm 18.9 18.5
Ash (Dry),% 3.52 5.98
Ash, Ib/mmBtu 2.42 4.14
Total Sulfur (Dry), % 1.73
Total Sulfur, Ib/mmBtu 1.19
PyriteSulfur (Dry), % 1.03
PyriteSulfur,Ib/mmBtu 0.71

A sink-floatseparationwas also made on the crushed Ohio No. 7 coal at a
specificgravityof 1.6. The bone dry plus !00-mesh float had the following
analyses:

% Ib/mmBtu

Ash 4.00 2.74
Total Sulfur 0.85 0.58
PyriteSulfur 0.21 0.14

Heating value recoveryduringthe sink-floatseparationwas 97.4 percent.
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Discussion

The Sewickley coal did not meet the target organic sulfur specification,so it
was not considered furtheras an alternativetest coal.

On the other hand, the organic sulfur content of the Ohio No. 7 coal was
acceptable and the pyrite was well liberated by further crushing. In view of the
good pyrite liberation during crushing but mediocre pyrite rejection during
agglomeration, precleaning would be an obvious step ahead of fine grinding and
advanced flotation or selective agglomeration. After precleaning, the Ohio No. 7
coal contained only slightly more pyrite sulfur than the Winifrede or Elkhorn No. 3
coals (0.21 percent versus 0.15 or 0.17 percent). Further testing would be needed
to define the actual ash liberation/grinding profile, but the data for minus 325-mesh
grinding suggested that the Ohio No. 7 coal resembled Winifrede coal in this
regard. That is, very fine and expensive grinding would be necessary if one wished
to produce premium fuel meeting a <860 g/GJ ash specification.

At this point, not much would be gained by substituting Ohio No. 7 coal for
one of the selected test coals since its processing characteristics are likely to
resemble Winifrede coal which is already on the list.

TASK 3. DEVELOPMENT OF NEAR-TERM APPLICATIONS

The goal of this task is to develop near-term commercial applications for one
or both of the advanced physical coal cleaning processes (column flotation and
selective agglomeration) to process coal fines into marketable products. The task
is divided into two subtasks:

• Subtask 3.1 - Engineering Analyses
• Subtask 3.2- Engineering Development

The progress made during the quarter on each subtask is summarized below.

Subtask 3.1. EngineerinqAnalyses

Under this subtask, Amax selected three coal preparation plants (Ayrshire in
Indiana, Wabash in Illinois, and Lady Dunn in West Virginia) for evaluation of near-
term commercial application. Bechtel performed the engineering analyses which
included development of conceptual flowsheets, selection of equipment, and
estimation of capital and operating costs. The results were presented as a draft
topical report to DOE, Amax Coal staff, and other project team members last
quarter.

During the reporting quarter, Bechtel addressed the comments received on
the draft topical report and finalized it. The final report was distributed to DOE and
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project team members on November 15, 1993.6 The report presentsconceptual
designs and cost estimatesfor the additionof advancedcoal cleaningcircuits
(columnflotationor selectiveagglomeration)to processminus 100-meshfines into
marketable products (filtercake, dry powder, or briquettes). ThreeAmax coal
preparationplants (Ayrshire,Lady Dunn, and Wabash) were evaluatedas potential
sites. Figure 3 showsthe estimatedprocessingcost in $ per ton for various
scenarios (plant location,cleaningtechnology,and productto be sold).

The general conclusionis that columnflotationwill be less expensivethan
selective agglomeration. Drying and biiquetting add significantlyto the processing
costs, and their inclusionmay be justifiedonly based on the premiumpricethat
can be obtained in some specificniche markets.

Subtask 3.2. Engineerin.q Development

Work wi;; now move towardsactual testingof advancedcolumn flotation
technology at bench scale underSubtask 3.2. The possibilityof field testingat a
larger scale will also be evaluated.

A visitwas made to the Wabash Mine during the thirdweek of Octoberto
discuss how a sample of minus 100-meshfinescan be collected. The line going
to the thickener is of largediameter, and there is no possibilityof collectinga
sample from this line untilat the point where it dischargesinto the thickener. At
that point, fiocculanthas already been added, so flotationtestingwill not be
effective. An alternativelocationis to collect a sample from one of the cyclone
overflow lines. This approachwill be followed by the plant personnelas time and
other plant operationprioritiespermit.

TASK 4. ENGINEERING DEVELOPMENT OF ADVANCED FROTH FLOTATION
FOR PREMIUM FUELS

Task 4 activities during the quarter included work in each of the five subtask
areas, that is, grinding, process optimization, CWF preparation, bench-scale testing,
and conceptual design of the PDU.

As described in the Subtask 2.1 Coal Selection Plan and Recommendations5
and in previous quarterly reports,3'4six coals were identified as good candidate
feedstocks for conversion into premium fuel and selected for testing during Task 4.
The six coals were as follows:
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Figure 3. Processing cost summary (dollars per short ton).

Product A = Centrifuge Cake/Agglomerates

Product B = Dried Powder

Product C = Briquettes
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Coa..._/I Min_..__ee Stat...._.eeHG.__!Ash % Sulfur.%

Taggart Wentz VA 52 2.07 0.62
Indiana VII Minnehaha IN 55 9.25 0.49
Sunnyside Sunnyside UT 54 5.t 1 0.63
Winifrede Sandlick WV 47 8.42 0.94
Elkhom No. 3 Chapperal KY 46 6.04 0.86
Dietz Spring Creek MT 41 4.98 0.33

The test coals were all washed bituminouscoals except the Dietz coal which
was a subbituminouscoal that had only been crushed before marketing. Washing
plant carbon and heating value recoverieswere in the 89 to 94 percent range for
the five bituminouscoals. Thus, near 90 percentcarbon and heatingvalue
recoveriesare necessary during the advanced flotationstep in order to meet the
project goal of recovering80 percentof the carbon from the run of mine coals.

Subtask 4.1. Grindina

The laboratory and continuousbench-scale portionsof the grinding studies
were completed as described in the last quarterlyreport. The topical reportfor
Subtask 4.1 was drafted during the fifth quarterand will be issued duringJanuary
1994 for DOE's commentsand approval.

The principal objective of the subtask was to determine the degree of
grinding and liberation required for each test coal in order to meet the target ash
and sulfur specifications of premium fuel. The acquisition of grinding circuit
parameters for design of the 1.8 tph PDU was an important additional objective of
the subtask.

As described in previous quarterly reports,="=the five bituminous test coals
were ground at rates between 50 and 500 kg/hr in continuouscircuitswith various
configurationsof millsand classifiers. Grindingstudieswere not done on the Dietz
coal because of the uncertaintyregardingdevelopmentof a feasiblefroth flotation
processfor subbituminouscoal. Liberationtesting indicatedthat the followinggrind
sizes (D80 = 80 percentweight passing)would be needed in order to meet the
ash and sulfur specifications:

Test Coal D80, _m

Taggart 45
Indiana VII 20
Sunnyside 45
Winifrede 11
Elkhorn No. 3 45
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Depending upon the liberation characteristicsof the specific test coal, either
single-stage closed-circuit ball milling or two-stage closed-circuit ball milling/stirred
ball milling was recommended for the individual coals during the Phase II PDU
operation.

Subtask 4.2. Process Optimization Research

The process optimization studies scheduled in the Subtask 4.2 Test Plan7
continued during the quarter. Parametrictestingusing laboratory-scaleflotation
columns was accomplishedon the Sunnysideand Winifredecoals at CAER, on the
Winifrede and Indiana VII coals at VPI, and on the Winifredeand Taggart coals at
Amax R&D during the quarter. (CAER had completed their parametrictestingof
Elkhorn No. 3 coal during the third quarter.3) CAER also investigatedthe use of a
packed column during the latestquarter and continuedcomparisontestingbetween
externaland internalspargers. In all but one instance,the ground coalswere
provided to the flotationlaboratoriesin slurryform by Amax R&D. CAER prepared
their own coarse grind ElkhornNo. 3 slurry.

The laboratory columns are 100 mm (4 inches) in diameter with a standard
height of 6.1 meters (20 feet). CAER is testing internal (Foam-Jet) and external
(Bureau of Mines) air sparging systems. The Amax R&D laboratory column is set
with a porous metal sparger. VPI is using 50 and 75-mm columns fitted with
external Microcel air sparging systems. CAER normally emulsified the reagents and
added them to the sparger water. The reagents were premixed with the feed slurry
at VPI and Amax R&D.

Parametric Testing of Winifrede Coal

Finely ground (nominally passing 325 mesh) Winifrede coal slurrywas tested
at each laboratory in order to providecomparisonsbetween performanceof
equipment at the respectivelocations. In each case, the slurrywas preparedat
Amax R&D, and the coal in the slurry was ground to a D80 of 18/Jm. Thisslurry
was chosen for the interlaboratorycomparisonsbecause it representsa) a coal
known to respond well to ordinaryfroth flotation,b) a particle size distributionthat
many observersexpect to be typicalfor premiumfuel production,and c) marginal
mineral matter liberationthat will challengethe ash-rejectioncapabilitiesof the
respectivecolumn flotationprocedures.

Results at CAER: The parametric testing at CAER on the Winifrede slurry
was described in the 4th quarterly report.4 The followingoptimized operating
conditionswere projected for their 100-mm column when equippedwith an external
sparger:
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Airflow, Liters/Minute 4.6
Solids Content, % 11.7
Retention Time, Minutes 7.3
Wash Water, Liters/Minute 0.5

These operating conditions were projected to recover 90 percent of the clean coal
at an ash content of 3.3 percent (976 g/GJ or 2.22 Ib/mmBtu). Comparable results
were obtained during the 5th quarter when using the internal sparger.

Results at VPI: Preliminary flotation tests were made on the Winifrede slurry
at VPI in the 50-ram column fitted with the Microcel aeration system, and additional
testing is in progress in the 75-ram system. The best operating point for the 50-
mm column was at a HHV recovery of 94 percent and at a clean coal ash content
of 3.8 percent. Subsequently, 85 percent of the HHV was recovered at an ash
content of 2.9 percent (430 g/GJ or 1.0 Ibs/mmBtu) during parametric testing in the
larger system. Figure 4 is the grade-recovery curve for the latter work. Further
evaluation of the data is in progress.
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Figure 4. Grade-recovery curve obtained by Microcel flotation of fine VVinifrede coal
at VPI.
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Results at Amax R&D: Thirty-nine tests were made on the Winifrede slurry
at Amax R&D. The initial work was a series of 27 tests arranged in a 4-factor Box-
Behnken matrix of variables. The set was subsequently augmented by additional
tests in the regions of particular interest (low ash and/or high recovery of the
heating value). The process parameters varied during the initial matrix were dry
feed rate, retention time, wash water ratio, and aeration rate. MIBC and diesel fuel
additions were held between 18 and 20 ppm each on a slurry basis during the
initial matrix tests, but increased dosages were investigated during the follow-up
work. The actual ranges covered by the fixed and floating variables during the
testing are shown in Table 2. Test results are summarized in Table 3.

Table 2. Actual Ran.qes of Flotation Parameters Dudn.q
Matrix Testin.q of Winifrede Coal Slurry at Amax R&D

Center Point

Dry Feed, Grams/Minute 76.6 9 - 119
Feed Slurry, % Solids 6.6 1.0- 10.3
Aeration, Liters/Minute 3.9 2 - 6
Aerator Water, Liters/Minute None Used
Retention Time, Minutes 17.6 12.5 - 23.3
Wash Water, Liters/Minute 0.5 0.2- 0.8
Wash Water Ratio, Liters/kg 14.7 3.9 - 44

-(,_5)"
Bias Ratio 0.31 -0.46 - 0.92

(-1.4)-(1.02)
Diesel Fuel, kg/t 0.5 0.25 - 0.90

-(2.3)
MIBC, kg/t 0.5 0.25- 0.90I

-(2.3)
MIBC, ppm Slurry 19.6 16- 23
HHV Yield, % 66 14.9 - 99.8

(1.7)-(100)
Ash inClean Coal,g/GJ 1,080 820- 1,630
Production,t/h/sqm 0.49 0.15- 1.00

(o.oi)-

" Values in parentheses are extreme values and represent
tests that were not included in correlations.
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Table 3. Parametric Column Rotation Testinq of Winifrede Coal at Amax R&D

Dry Retention Wash HHVc Hancock
Coal, Aeration Time, Water Ash, Ash, S, Recovery, Efficiency

Tes_.__tt _ I/rain Minutes Ratio % Ib/mmBtu S,% lb/mmBtu % HBash

CLM31 63.1 4 23.3 8.7 4.67 3.28 0.88 0.62 100.0 40.3
CLM32 85.4 2 22.5 4.6 4.81 3.38 100.0 35.4

CLM33 82.9 6 21.3 6.6 5.82 4.14 100.0 25.5

CLM34 37.5 2 18.9 14.4 2.97 2.04 0.81 0.56 69.5 47.2
CLM35 111.7 2 16.7 30.7 3.20 2.21 19.5 122

CLM36 46.9 6 17.9 7.8 4.47 3.13 0.89 0.62 99.8 45.3
CLM37 112.3 6 16.1 10.3 3.79 2.63 57.1 31.6

CLM38 79.8 4 12.5 4.7 4.16 2.90 0.87 0.61 99.9 50.0
CLM39 76.5 4 12.5 31.6 2.92 2.01 32.4 23.5

CLM40 80.9 4 20.1 7.1 3.31 2.29 66.1 38.4
CLM41 69.6 4 21.5 29.2 3.01 2.07 _3.5 o.2.0
CLM42 84.5 4 16.4 10.3 3.07 2.12 O_._ 41.7
CLM43 44.4 4 13.8 8.5 4.20 2.93 0.85 0.59 99.6 47.9
CLM44 118.7 4 13.8 19.9 3.08 2.12 32.2 20.0
CLM45 31.6 4 23.1 13.3 3.32 2.30 0.90 0.62 91.9 62.1

CLM46 92.7 4 16.5 13.1 2.97 2.04 0.85 0.59 48.8 31.5
CLM47 82.5 2 17.8 17.2 2.92 2.01 26.9 17.7

I_ CLM48 95.3 6 16.4 3.9 5.42 3.84 99.4 31.9

01 CLM49 85.2 2 17.1 44.0 2.94 2.02 20.4 13.6
CLM50 86.5 6 16.6 21.3 3.11 2.14 41.5 26.8

CLM51 88.2 4 16.2 11.3 3.10 2.14 57.3 35.5
CLM52 51.7 4 17.0 4.8 4.43 3.10 0.87 0.61 99.8 45.0
CLM53 114.1 4 16.7 8.2 3.65 2.53 54.4 30.9

CLM54 47.2 4 17.0 10.6 3.80 2.64 0.85 0.59 99.8 51.6
CLM55 114.3 4 17.2 6.9 3.79 2.63 63.5 34.1
CLM56 95.4 2 13.7 40.3 2.74 1.88 14.9 10.0

CLM57 89.2 4 13.0 7.4 3.70 2.57 0.88 0.61 85.7 46.8
CLM58 83.2 2 21.1 405.5 2.75 1.89 1.7 1.2

CLM59 87.2 4 20.6 15.4 3.60 2.50 42.3 24.3
CLM60 64.9 4 16.7 12.3 3.65 2.53 54.5 31.0
CLM61 85.1 4 20.4 10.8 3.62 2.51 0.87 0.60 72.7 38.7

CLM62 87.0 5 16.2 8.3 3.58 2.48 0.90 0.62 79.0 45.3
CLM63 93.3 4 14.3 10.5 3.74 2.60 0.86 0.60 86.2 45.8
CLM64 17.4 4 14.3 43.3 4.60 3.23 99.0 39.7

CLM65 59.6 4 20.6 11.1 3.18 2.19 57.6 35.6
CL.M66 88.7 4 13.2 11.2 3.77 2.62 0.91 0.63 85.7 5.6
CLM67 90.8 5 17.1 9.1 5.91 4.21 100.0 26.5

CLM68 8.3 2 25.4 43.9 4.14 2.89 0.87 0.61 46.7 0.0

CLM69 34.3 4 19.2 14.6 4.05 2.82 0.90 0.63 48.1 5.3



Figure 5 is a grade-recoverycurve for the laboratorycolumnflotationdata
from the Amax R&D parametrictesting. As seen eadierby CAER and VPI, a <860
g/GJ ash specificationwas not met when recoveringgo percentof the heating
value of the Wlnifredecoal. Furthermore,sacrificingrecoverydid littleto improve
ash rejectionduring the laboratorytesting.

Winifrede Coal, D80 = 18-20 urn
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Figure 5. Grade-recoverydata for laboratorycolumn flotationof fine
Winifredecoal at Amax R&D. Line plotsthe Denvercell tree
flotationresults.

The deviations of individual test results from the average grade-recovery
curve are being studied by regressionanalysis6 to identifythe operatingvariables
which have significantimpacton coal recoveryand ash rejection. All of the
variables listed in Table 2 were consideredduringthe statisticaltreatmentof the
data. The statisticalanalysiscompleted so far on the Amax R&D flotationdata
indicates that the feed solidsconcentrationand wash water ratio have the greatest
impact upon ash reductionwhen reagent levels,retentiontimes, and aeration are
set to achieve high recoveryof the heatingvalue in the coal. There was little
indication from thls analysisthat it will be possibleto achieve less than 3.4 percent
ash (1,030 g/GJ) in the clean coal while maintaininga 90 percentHHV yield from
this slurry.
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Fqrther Work on Wlnlfrede Coal: At a PSD of Da0 = 18/Jm, the Winifrede
coal in the test slurrywas not ground quite fine enoughfor completeash liberation.
This was confirmedby a selectiveagglomerationtest performedon the slurry. The
resultingclean coal contained 3.72 percentash or 1,120 g/GJ (2.6 Ib/mmBtu). The
VPI work providesencouragementthat sufficientcomposite middlingcould be
rejected by column flotationat this grind so that the froth would come close to the
target ash and HHV recoveryspecifications,but the obviousdirectionto move in
order to insure rejectionof more ash from the Wlnifredecoal would be to grind the
coal finer than Da0 = 18.

The Subtask4.1 grinding study summarizedeadier in this reportindicated
that Winifredecoal shouldbe groundto Da0 <11 /Jm in order to achievethe
desired liberation. For this reason,two comparisonlaboratoryflotationexperiments
were conducted in a Denvercell. Both were rougherflotationtests followedby two
stages of cleaner flotationto simulatethe washingactionoccurringin a column.
One test was on a cut of the slurryused for the column flotationtestingand the
other test was on a cut of the slurrythat had been ground an additionalamount in
a laboratorybatch stirred ball mill. Table 4 is a comparisonof the two test results.
The additionalgrindingcut the D80 in half, to 9.1 /Jm, but made the flotation
separationmore difficultratherthan easier. An agglomerationtest on the same
regroundslurry produced clean coal containing2.46 percentash or 727 g/GJ
(1.71b/mmBtu). That matched the ash liberationseen eadieron extrafinelyground
Winifrede coal.4

Table 4. Denver Cell Flotationof
Originaland,RegroundWinifredeSlurry

Slurry
Odaina! .Reqround

PSD D80, pm 17.8 9.10
Second Cleaner Float

Dry Weight, % 81.2 78.8
HHV Yield, % 86.1 83.3
Ash, % 3.28 3.81
Ash, Ib/mmBtu 2.27 2.65
Total Sulfur, % 0.85 0.85
Total Sulfur, Ib/mmBtu 0.59 0.59
Pyrite Sulfur, % 0.065 0.081
Pyrite Sulfur, Ib/mmBtu 0.045 0.056

Parametric Testing of Taggart Coal

The laboratory column flotation testing of Taggart coal was conducted at

27



Amax R&D. A statisticallydesigned set of 15 testswas nunon Taggart coal that
had been ground in the 1.2-m ball mill in closed circuitwith a 62-mesh screen.
Three variableswere investigated(dry feed rate, retentiontime, and wash water
rate). A fixed aeration rate of 4 liters/minutewas used for these tests since that
airflow performed well in previoustesting. The rangesof the set and resulting
operating parametersare summarized in Table 5.

Table5. ActualRanaes of FlotatiorlParameters DuMna
I_atdxTestina of Taaaart Coal Slurryat Amax R&D

_enter Point Range

Dry Feed, Grams/Minute 98.36 63- 129
Feed Slurry,% Solids 7.2 3.3 - 9.9
Aeration, Liters/Minute 4.0 4 (Fixed)
AeratorWater, Liters/Minute None Used
RetentionTime, Minutes 13.7 11.0- 17.3
Wash Water, Liters/Minute 0.5 0.4- 1.0
Wash Water Ratio,Liters/kg 7.2 5.1 - 9.3
Bias Ratio 0.82 0.32 - 0.62
Diesel Fuel, kg/t 0.45 0.33 - 0.79
MIBC, kg/t 0.45 0.33 - 0.79
MIBC, ppm Slurry 19.9 18- 22
HHV Yield, % 99.6 99.4 - 99.7
Ash in Clean Coal, g/GJ 422 380 - 450
Production,t/h/sq m 1.06 0.69- 1.39

The DS0 of the Taggart feed slurrywas 101 /Jm. This PSD was considerably
coarser than the PSD of the test slurriespreparedfrom Winifrede,IndianaVII, and
Sunnysidecoals. As expected, the Taggart coal respondedvery well to column
flotation. Heating value recovery consistentlyexceeded 99 percent,as shownin
Table 6. The resultingclean coal containedbetween380 and 450 g ash/GJ (1.34
and 1.58 percent ash or 0.88 and 1.04 Ib/mmBtu). The amountsof sulfurin the
clean coals easily met the target specificationof less than 278 g/GJ. A more
extensivestatisticalanalysiswillbe performedon the data, but at this point, it
appears that the full capabilityof the columnflotationsystemwas not tested during
this series of experiments. Higherfeed rates shouldbe investigatedto define the
upper capacity of unit, and increasingwash water rates and/or finer grind should
also be investigatedin order to produceclean coal containing<430 g ash/GJ on a
consistentbasis. The presentplan, though, is to defer such testinguntilbench-
scale flotationduring Subtask 4.4.
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Table 6. Parametric Column Flotation Testir_ of Ta.qgart Coal at Amax R&D

Dry Retention Wash HHVc Hancock
Coal, Aeration Time, Water Ash, Ash, S, Recovery, EWmiermy

Test _min I/min Minutes Ratio % Ib/mmBtu _ iblmmBtu % Index

CLM70 64.6 4 14.2 5.62 1.54 1.01 0.56 0.37 99.7 20.1
CLM71 121.3 4 14.7 5.99 1.52 1.00 0.56 0.37 99.6 22_8
CLM72 67.6 4 14.6 8.94 1.50 0.99 0.59 0.39 99.7 17.3
CLM73 121.6 4 12.5 8.18 1.50 0.99 0.57 0.37 99.5 23.1

I_ CLM74 102.8 4 14.0 7.06 1.52 1.00 0.56 0.37 99.6 21.7
co CLM75 63.0 4 12.1 7.68 1.55 1.02 0.59 0.39 99.6 20.6

CLM76 129.3 4 11.0 7.49 1.48 0.97 0.59 0.39 99.5 21.2
CLM77 66.0 4 17.3 7.33 1.37 0.90 0.58 0.38 99.7 24.5
CLM78 129.1 4 12.1 7.43 1.49 0.98 0.57 0.37 99.5 27_1
CLM79 100.9 4 14.1 7.20 1.48 0.97 0.60 0.39 99.6 23.4
CLM80 101.2 4 11.0 5.39 1.44 0.95 0.57 0.37 99.4 22.6
CLM81 104.6 4 11.2 8.69 1.57 1.03 0.58 0.38 99.5 22.0
CLM82 107.2 4 17.3 5.07 1.50 0.99 0.60 0.39 99.7 20.8
CLM83 97.8 4 14.9 9.28 1.34 0.68 0.58 0.38 99.6 25.9
CLM64 97.7 4 14.5 7.43 1.51 0.99 0.60 0.39 99.6 22.1



Parametric Tastlno of Iqdlana VII Coal

Parametriclaboratorycolumnflotationtesting of nominallyminus 325-mesh
Indiana VII coal slurry was assignedto VPI. The testing has been completedand
the resultswere being evaluatedby VPI at the end of the quarter.

Paramatr!c Taatlna Of Sunrlya!de Coal

Preliminary testing of Sunnysidecoal was described last quarter. The
preliminaryresultswere used to statisticallydesign a set of 20 experimentswhich
were conducted at CAER on Sunnysidecoal that had been ground to nominally
passing325 mesh (D80 = 21 _m). These were followed by additionalteststo
determine the effectsof increasingwash waterand to compare performanceof the
internal and externalsparging systems.

Table 7 lists the experimentalconditionsand percentash in clean coal and
HHV recoverydata for the seriesof tests conductedusing the statisticallydesigned
experiments. The HHV recoveryrangesfrom 10.5 to 99.6 percentand ash content
ranges from 1.43 to 2.93 percentdependingon the operatingconditionutilized.

Table 7, Column Flqtatlon Pa,rameters and Percent A._hand HHV Recovery
Obtained Usin_aStatistically Designed Experiments for Sunnyside Coal

Column Parameters

Retention Feed Slurry Results ....
Airflow, Time, Solids Conc., HHV Percent

Liters/Minute Minutes Weiclht % Recovew Ash

2.0 4.10 10.0 16.60 1.79
5.0 7.20 5.0 89.20 1.84
2.0 4.10 5.0 61.60 2.66
3.5 5.65 7.5 22.70 1.25
2.0 7.20 10.0 37.40 1.82
5.0 7.20 10.0 65.80 1.73
3.5 5.65 7.5 25.10 1.38
2.0 7.20 5.0 56.80 1.93
3.5 5.65 7.5 25.40 1.60
3.5 5.65 7.5 23.30 1.60
5.0 4.10 10.0 32.70 2.29
5.0 4.10 5.0 60.90 2.93
3.5 5.65 7.50 19.10 1.60
3.5 5.65 3.29 61.20 2.04
6.0 5.65 7.50 46.80 2.15
3.5 5.65 7.50 29.30 1.64
3.5 5.65 11.71 17.40 1.43
3.5 8.25 7.50 99.60 2.27
3.5 3.04 7.50 17.90 1.86
0.9 5.65 7.50 10.50 1.84
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A responsesurface curve (contourplot) and block diagram for solids
concentrationand retentiontime for HHV recoveryat a fixed airflowof 3.5 litersis
shown in Figure 6. This figureshowsthat the maximumHHV recovery is obtained
at high retentiontime (8.2 minutes)and low solids(3.3 percent)concentration.
Similarly,a responsesurface block diagramand contoursfor percentash in clean
coal is shown in Figure7. It showsthat the lowestash is obtained at high solids
(approximately10.3 percent)and about 5.8 minutesretentiontime. Based on the
statisticalanalysisof all data, the optimumcolumnconditionsfor flotationof the
Sunnysidecoal were determined to be as follows:

Airflow,Liters/Minute 3.98
RetentionTime, Minutes 7.10
Solids Concentration,Weight % 3.29

Using these conditions, theoretically a clean coal product containing 1.75 percent
ash (520 g/GJ or 1.2 Ib/mmBtu) could be obtainedwith 90 percentHHV recovery.

A series of column flotation tests were conducted using the optimum
conditionsand varyingonly the wash wateraddition rate. Figure 8 showsthe HHV
recoveryand percentash in clean coal obtained usingthe externaland internal
spargers. It showsthat the external spargerprovided more than 90 percentand
the internalsparger provided close to 80 percentHHV recovery. However, the ash
contentof the product using the internalspargerwas lower (approximately1.7
percent,500 g/GJ) compared to the externalspargerwhich produced clean coal
containingabout 2.1 percent ash (620 g/GJ).

Figure 9 shows all the column and laboratory tree flotation data for the
Sunnyside coal. Note that most of the column data are very close to the tree
flotation curve.

Parametric Testinq of Packed Column

A 100-mm diameter by 6-m packed laboratorycolumn was purchased from
GNL&V Ontarioand installedin the CAER laboratory. The packed column is filled
with bafflesto distributethe flow of slurryand air bubbles acrossthe diameterof
the column. Air is admitted directly into the bottom of the column without any
special sparging or dispersion device. GNL&V markets the column for the inventor,
Dr. David Yang formerly of Michigan Technical University.

Parametric testing of the packed column began during the quarter to
compare its performance with the performance of columns with the internal and
external air spargers. The parametric tests have been completed on minus 325-
mesh Winifrede and Sunnyside coals.

31



C: SolidConc. 3"295"_"__044"887 B:Retch.Time

°°

11.71

044 4.746 5.448 6.151 6.853 7.555 8.257

B: Reten.Time

Figure 6. Response surface block diagram and contours for solids concentration
and retention time for HHV recovery at a fixed airflow of 3,5 liters/minute.
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time, and 3.3% solids).
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Procedure: A packed column of 10-cm (4-inch) I.D. and 6-m (20-foot) height
was utilized for the flotation studies. For each test, the column was filled first with
water containing frother. Flotation reagents, fuel oil (0.25 Kg/t), and MIBC (0.25
Kg/t) were added on-line as an emulsion to the feed slurry. Froth depth in the
column was kept constant at 1 meter for all the tests. The pressure of air utilized
for bubble generation was kept at 20 psi. Samples of froth and tailings were
collected after allowing at least double the retention time of the feed slurry in the
column.

Winifrede Coal: All of the packed column flotation tests were conducted
with ultra-fine (DS0 = 18/Jm) ground coal slurry provided by Amax R&D. Table 8
lists the experimental conditions, percent ash in clean coal, and HHV recovery data
for the sedes of tests conducted using statistically designed experiments. The
experimental conditions for the test matrix were established by a separate series of
preliminary testing of Winifrede coal in the column. Note that the percent ash in
the clean coal ranged from 1.93 to 7.08 at HHV recoveries ranging from 2.9 to 99.6
percent. A low ash product was obtained at low HHV recovery.

Table 8. Packed Column Flotationfor Winifrede
Coal (WashWater - 1 Liter/Minute}

Retention Solids Feed HHV
Airflow,a Time, Concentration, Rate, Ash, Recovery,

Liters/Minute Minutes Weight % K_gL_ % %

10 6 5 22.3 4.14 8.3
30 6 5 22.3 5.71 85.2
10 10 5 7.4 3.96 30.2
30 10 5 7.4 6.54 99.3
10 6 10 44.6 2.06 2.9
30 6 10 44.6 6.88 72.3
10 10 10 14.7 1.93 3.5
30 10 10 14.7 7.08 91.9
20 8 7.5 17.1 5.46 73.7

i 20 8 7.5 17.1 5.54 73.5
20 8 7.5 17.1 5.95 85.5
20 8 7.5 17.1 5.90 80.9
3 8 7.5 17.1 1.73 7.6
3 8 7.5 17.1 7.71 99.3

20 4.6 7.5 29.1 6.08 68.8
20 11.3 7.5 9.2 6.68 99.3
20 8 3.4 6.5 5.00 56.9
20 8 11.7 23.3 6.98 99.6
20 8 7.5 17.1 6.17 93.0
20 8 7.5 17.1 6.23 92.3

a Air pressure maintainedat 20 psi.
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A response surface curve (contour) and block diagram for solids
concentrationand airflow at a fixed retentiontime of 8 minutesfor HHV recovery
are shown in Figure 10. Note that a high (>90 percent)HHV recoveryoccurs at
high (25 liters/minute)airflow using about 7.5 weight percentsolids in the feed
slurry. The responsesurface block diagram and contoursfor the ash contentof
the clean coal (Figure 11) showthat the lowestash in the clean coal is obtained at
high (- 10 percent) feed solids and low (- 4 liters/minute)airflowrates.

Based on the statisticalanalysis of all data, the optimum conditionsfor
flotationof Winifredecoal using the packed columnwer=_determinedto be as
follows:

Airflow, Liters/Minute 36.8
Retention Time, Minutes 3.29
Solids Concentration, Weight % 11.3

Under these conditions, it is projected that a clean coal product containing 4.9
percentash at 89.8 percentHHV recovery would be obtained from the Winifrede
slurry.

Figure 12 shows the effect of increased wash water rates on the HHV
recovery and the ash contentof clean coal obtained usingthe optimizedcolumn
operating conditions. Note that increasingwash water had minimumeffecton HHV
recovery which remained at >90 percent;however, the ash contentof the clean
coal decreased from 5.1 to 4.25 percentas wash water rate was increasedfrom 1
to 3 liters/minute.

Sunnyside Coal: Minus 325-mesh ground coal slurry with D80 = 21 pm,
prepared from Sunnysidecoal, was suppliedby Amax R&D. Table 9 liststhe
packed column experimentalconditions,percentash in clean coal, and HHV
recoverydata for the seriesof tests conducted usingstatisticallydesigned
experiments. As for the Winifredeslurry, these test conditionswere establishedby
preliminarytests in packed column. Note that the ash contentof clean coal varies
from 1.10 to 4.93 percentand HHV recovery rangesfrom 9.4 to 99.9 percent
depending on the experimentalconditions.

An HHV recovery response surface block diagram and contour plot for
varying solids concentration and airflow at a constant 5 minutes retention time are
shown in Figure 13. High (>90 percent) HHV recovery is obtained using about 3
weight percent solid slurry. Similarly, Figure 14 shows the response surface block
diagram and contours for the ash content of the clean coal. It shows that an
airflow of about 9 liters/minute will provide a low (--- 1.5 percent) ash product
irrespective of percent solids in the slurry.
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Figure 10. Response surface block diagram and contours for solids concentration
and airflow for HHV recovery for Winifrede coal at 8 minutes retention
time.
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Figure 12. Effect of wash water rate on HHV recovery and percent ash in clean coal
for Winifrede coal using the packed column (36.8 liters/minute airflow,
11.3 minutes retention time, 3.3% feed solids, 3.95 Kg/hr feed rate).

Table 9. Packed Column Rotation for Sunnvside Coal (Wash Water - 1 UterlMlnute|

Retention Solids Feed HHV
Airflow,' Time, Concentration, Rate, Ash, Recovery,

Liters/Minute Minutes Wei=ht % _ _ %

10 5 5 22.3 1.48 36.5
30 6 5 22.3 3.62 98.3
10 10 5 7.4 1.23 50.2
30 10 5 7.4 4.53 99.9
10 6 10 44.6 1.I0 9.4
30 6 10 44.5 4.05 71.I
10 10 10 14.7 1.25 30.3
30 10 10 17.1 4.93 99.6
20 8 7.5 17.1 3.53 76.3
20 8 7.5 17.1 3.53 79.0
20 8 7.5 17.1 3.55 79.2
20 8 7.5 17.1 3.55 79.5

3.2 8 7.5 17.1 1,23 35.2
36.8 8 7,5 17.1 4.06 98.7
20 4.5 7.5 29.1 3.38 50.1
20 11.4 7.5 9.2 3.57 98.3
20 8 3.3 6.5 3.29 98.0
20 8 11.7 23.3 3.99 80.0
20 8 7,5 17.1 3.49 88.2
20 8 7.5 17.1 3.38 86.2

' Air pressure maintained at 20 psi.
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Figure 13. Responsesurface blockdiagram and contourfor solidsconcentration
and airflowfor HHV recoveryfor Sunnysidecoal _=t5 minutesretention
time.
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Figure 14. Response surface blockdiagramand contourfor solidsconcentration
and airflow for grade (ash content)of clean coal for Sunnysidecoal at 5
minutes retentiontime.
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Based on statisticalanalysisof all data, the followingoptimum conditionsfor
the packed column were identifiedfor Sunnysidecoal:

Airflow,Liters/Minute 36.8
RetentionTime, Minutes 4.9
Solids Concentration,Weight% 3.3

Using these optimum conditions,it is projectedthat a clean coal containing2.58
percent ash (770 g/GJ or 1.8 Ib/mmBtu) at near 100 percent HHV recoverycould
be obtained.

The effect of increasingwash water ratesusingthe optimumoperating
conditionsof the packed columnon HHV recoveryand percentash in clean coal is
shown in Figure 15. Note that increasingwash water flow ratesfrom 1 to 3 liters/
minute had a minimumeffecton HHV recoveryand ash contentof the clean coal.
The two responsesremained constantat - 99 and 3.75 percent (2,130 g/GJ or 2.6
Ib/mmBtu), respectively.
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Figure 15. Effect of wash water rate of HHV recoveryand percentash in clean
coal for Sunnysidecoal usingthe packed column (36.8 liters/minute
airflow,4.9 minutesretentiontime, 3.3% feed solids,and 7.67 Kg/hr
feed rate.
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Statureof Packed Column Testing

The experimentaldata show that when the packed column is operated under
comparable conditionsas operationof the "Ken-Rote"column, it was not effective
in providinga low ash clean coal from the Winifredeor Sunnysidecoals.
Surprisingly,the ash contentof both the clean coals was significantlyhigherfor the
packed column compared to the conventional"Ken-Flote"column. The followingis
a comparison:

...Copventton_i Packed ............
HHV HHV

Ash. % R_overv. % Ash. % Recovery,%

Winifrede 3.5 85 4.25 >90
Sunnyside 2.1 90 3.75 99

It should be pointed out that the developerof the packed column, Dr. David Yang,
prefers to operate the column with a deeper froth columnthan used in the present
study. There is a possibilitythat a deeper froth may providea lower ash clean
coal productthan indicatedby the work completedso far.

Packed column tests with ElkhornNo. 3 coal are planned. Time permitting,
additionaltests will be conducted usingthe packed columnto identifythe effectof
frother type and froth height as well as combiningthe "Ken-Flote"bubble generating
systemwith the packed column.

Subtask 4.3, CWF Formu!atloo StUdies

The objectiveof Subtask4.3 is to define the processsteps necessaryto
prepare a premium grade coal-waterslurryfuel (CWF) from columnflotation
product. Processsteps include:

• Grindingrequirementsto achieve an optimum particlesize distribution.

• Reagentadditions to achievethe desired slurryperformancecharacteristics.

• Mechanical agitation techniques to reslurrydewatered froth from the column
flotationcell.

As described in the test plan' issuedon October 21, 1993, test work will
focus on the flotationproductsproduced duringSubtasks4,2 and 4.4 using the
coals selected duringTask 2. If necessary,some testingmay be performed on the
feed coals in order to determinethe effectsof flotationreagentsand mineralmatter
changes on coal-waterslurryproperties.
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TaGaart Se_rn Coa!-slurw Fuels

Initialtests were performed usingthe Taggartseam coal froth product,
produced in Subtask 4.2. Approximately50 gallonsof flotationfroth productwas
used for preparingcoal-waterslurry. The coal had been ground to nominally
passing 62 mesh and floated in a laboratorycolumnwith MIBC frotherand No. 2
diesel fuel collector. Both the collectorand frotherwere added at a rate of 0.5 to
1.0 pound per ton of coal. The frothwas collectedand stored in a drum for use
as feedstockwhen preparingslurries. Slurryfromthe drum was filteredand air
dded as needed prior to formulatingslurryfuel.

Two slurrieswere prepared for initialevaluationof the flotationproduct as a
slurryfuel feedstock. An "as-produced"slurrywas prepared from the flotation
product by repulpingthe filter cake with dispersantand additionalwater. A
"reground"slurrywas also prepared from filtercake which was ground in a ball mill
for 30 minutes.

The as-produced slurrywas preparedfrom cake with the additionof 2
percent A23 dispersantat about 64 weight percentcoal. The slurrywas blended
with the aid of a laboratorymixer. After the slurrywas well blended, it was rolled
in a plastic bottleto aid the removalof air bubbles. Then slurry propertieswere
examined.

The regroundslurry was prepared in a rubber-linedball millwith a 7-1/2 inch
inside diameter by 9-inch length. The millhas a ball charge which fills
approximately45 percent of the volume of the mill. The ball charge consistsof the
following media:

1-1/2-Inch Balls 50%
l-Inch Balls 30%
3/4-Inch Balls 15%
1/2-Inch Balls 5%

Approximately 1,444 grams of coal plus water and reagent was added to the mill
for grinding. This represents a 1:1 material:void ratio, assuming the void space in
the ball charge is 41 percent. The mill was operated for 30 minutes at a speed of
60 rpm which is 62 percent of critical speed. The resulting slurry was 62.6 percent
coal and contained 2 percent A23 dispersant.
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Table 10 comparesthe characteristicsof the two slurryfuels which were
prepared from Taggart seam coal. Neitherslurrywas stable and both were slightly
rheopectic. This is undesirableas the slurrywill settleeasilyand respondsto
increasingshear rates by an apparent increasein viscosity. This can be improved
by optimizingthe particlesize distribution. The fine fractionof the particlesize
distributionmust be increasedin order to closerapproximatethe distributionFunk
identifiedas optimum. The formulaand resultingestimatedsize distributionfor
differentvalues of "n" are shown in Table 11.

Table 10. Ta_qart Column FlotationConcentrateSlum/Properties

CleanedTagaart Cleaned TaaQart;

Mill Charge
Test Taggart/Repulped Taggart/Regrind
Grind Time, Minutes 0 30

Mill Product
Weight % Solids 60.1 59.9
Weight % A23 2.0 2.0
Weight % Coal 58.9 58.8
Cumulative% PassingSize, _m

300 100.0 100.0
150 92.7 97.6
75 65.8 78.2
38 48.2 59.1
30 41.7 53.3
20 31.5 41.8
15 25.5 35.8
10 18.6 28.6

I

8 15.9 24.8
6 12.0 20.1
4 7.8 14.4
3 5.4 10.6
2 2.7 6.4
1 0.2 1.1

MMD,/Jm 64.2 46.1
Fann Viscosity, cp

lO0/Second, Up 600 800
lO0/Second, Down 225 260
1,000/Second, Up 425 635
1,000/Second, Down 310 340

Viscosity Notes Very Unstable, Unstable, Hardpack
Hardpack Sediment

46



Table 11., Optimized Size Distribution for 300 x 0.5 Micron Size Ranae

"Funk"Formula for Optimum Particte Packing:

I D n- D ns)CPFT = u x 100

where: CPFT = Cumulative Percent Finer Than D,
D. = Diameter of Particle _m)
Da = Diameter of Largest Particle _m)
D, = Diameter of Smallest Particle _m)
n = Numedcal Exponent (Between 0.1 and 1.0)

= In v/Ink = 0.17

where: v = Volume Fraction of Liquid in Slurry = 0.34 (Typical for <300 #m)
k = D,/D, = 0.001667

Table of Values of CPFT as a Functionof Exponent"n"

DI = 300 pm
Ds = 0.5 #m

Screen Diameter, Exponent'n"
Size #m O.10 O.1....55 0.20 0.40

50M 300 100.0 100.0 100.0 100.0
100M 150 85.8 84.0 82.1 73.8
200M 74 72.4 69.3 66.2 53.5
400M 37 60.0 56.3 52.6 38.5

30 56.5 52.7 48.9 34.8
20 49.8 45.9 42.1 28.3
15 45.2 41.3 37.6 24.3
10 39.0 35.2 31.6 19.4
8 35.7 32.0 28.6 17.0
6 31.5 28.0 24.8 14.3
4 25.8 2.7 19.9 10.9
3 21.9 19.1 16.6 8.8
2 16.6 14.4 12.3 6.2
1 8.0 6.8 5.7 2.7

MMD,/Jm 60.3 65.8 71.4 93.6
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A comparison of the particle size distribution for both slurries is plotted in
Figure 16 against the range of optimum distributions for "n" between 0.1 to 0.4.
The plots show a definite deficiency in the amount of fine particles. Future
development work will focus on increasing the fine fraction of coal particles in the
slurry fuels by grinding a portion of the cake in a stirred ball mill.

Subtask 4.4. Bench-Scale Testing and Process Scale-up

Subtask 4.4 is for verificationof the key processoptimizationfindings and
scale-up relationshipsfrom Subtasks4.1, 4.2, and 4.3. A bench-scalecolumn
flotationsystemcapable of producingabout 45 kg per hourof clean coal will be
used for the verification,and clean coal will be prepared from each of the coals
during the testing.

A Ken-Flote O.3-m diameter by 4.6-m (1- x 15-foot) bench-scale column
flotation system that had previously been used by Process Technology, Inc. for the
process control emerging technology project at PETC (Contract No. DE-AC22-92
PC 92207) was installed in the Amax R&D pilot plant area for the bench-scale
testing. The nominal capacity of the unit is in the range of 50 to 100 kg of dry
coal per hour (100 to 200 Ib/hr). As installed, the column includes the level and
flow control system that was part of the operation at PETC. The ash-analyzer
portion of the control system will not be used at this time, and the analyzer
equipment was placed into storage.

ProcessTechnology, Inc. assistedwith setting up the column, calibrating the
instrumentation,and verifyingthe processcontrol programming. Shakedownruns
with coal slurrywere completed successfullyat month-end. The fuzzy logic control
system for regulatingslurry levelsand flowsperformedwell.

The column was equipped with a porous metal air sparger when received,
and it was used during the shakedowntesting. A Foam-Jetspargerwas ordered
to replace the porous metal sparger. In the meantime,the Foam-Jetspargerwas
borrowed from CAER to use when beginningactualtest work. The interiorparts of
the progressivecavity slurry pumps feeding and dischargingthe column appeared
to be worn, so replacementswere also orderedso that the repairsmay be made
before complete failure of eitherpump occurs.

Elkhorn No. 3 coal was used during the shakedown and is the first coal
scheduled for the Subtask 4.4 parametric testing to begin in January. The slurry
will be prepared by closed circuit grinding in the 1.2m ball mill. A complete test
plan is being prepared for submittal to the DOE.
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Figure16. PSDcomparisonsof as-producedand regroundTaggartflotationcoalswithoptimizedCWFdistributions.



Subtask 4.5. Conceptual Design of the
PDU and Advanced Froth Flotation Module

The topical report for Subtask4.5 writtenby Bechteland entitled "Conceptual
EngineeringPackage" was issued on December10, 1993.1° The concept is for the
productionof 1.8 tph (2.0 stph on a dry basis)of clean coal by columnflotationin
a PDU to be located at Amax R&D in Golden, Colorado. The unit will be designed
for continuousproductionof ultra-cleancoal meetingprojectspecificationsand to
demonstrate process scale-upwhen cleaningthreeof the test coals. The PDU will
also be capable of demonstratingnear-termapplications,includingthe drying and
briquettingof coal to marketableforms. As such, the subtaskconceptualdesign
shows five work areas:

• Plant 100 SelectiveGrinding
• Plant 200 Column Flotation
• Plant 400 Product Dewatering
• Plant 500 Product Treatment
• Plant 600 Utilities

Plant300 is reserved for selectiveAgglomerationModule. The PDU with the
advanced flotation module will be housed in a existingpilotplant buildingsat Amax
R&D. The selective agglomerationmodulewillbe added later.

The conceptual design package presentedin the topical report includesthe
following:

• Plant Design Basis

• Conceptual Engineering Design, which includes:

- Process and Plant Description
- Process Flow Diagrams and Material Balances
- Estimates of Utility Requirements
- Instrumentation and Control Philosophy
- Preliminary P&IDs
- Preliminary Layout and Equipment Arrangement Drawings
- Preliminary Electrical Single Line Diagram

• Preliminary Quotations from Vendors for Major Equipment

• Conceptual Cost Estimate

• Long Lead Major Equipment

5O



TASK 5. DETAILED ENGINEERING DESIGN OF THE PDU AND ADVANCED
FLOTATION MODULE

Bechtelhas started planningactivitiesfor this task. The PDU will consistof
the followingsix plants:

Plant 100 Selective Grinding
Plant 200 Column Flotation
Plant 300 SelectiveAgglomeration(To Be Designed Later)
Plant400 Product Dewatering
Plant500 ProductTreatment
Plant600 Utilities

It was decided to start the detailed design work with Plant 400, which will
consist of filtering and dewatering of the c'_an coal as well as the tailings. This
decision was based on the following considerations:

1. The plant will utilize two Shriver plate and frame filter presses already in place
at Amax R&D Center as well as two Netzsch plate and frame filter presses
transferred from the Wilsonville selective agglomeration POC plant. While the
filtering characteristics will vary somewhat with the coal type and its particle
size distribution, the same machines can be used for filtering and dewatering
with surge capacity (thickener or storage tank) in between the cleaning and
filtering steps.

Since the equipment is already in possession of Amax R&D, all necessary
equipment specifications and data can be made available to Bechtel. The
building location is already defined. Thus, Bechtel can start detailed design
work for refurbishment and installation of these filters and associated sumps,
pumps, piping, and instruments.

2. The research and testing work has been completed on liberation characteristics
and grinding power requirements for the six candidate coals. There is a vast
difference in the grinding capacity requirement to produce 2 ton/hour clean
coal from Sunnyside or Elkhorn No. 3 coal than from Winifrede or Indiana No.
7 coal. A decision has to be made as to which coals have to be ground at
what capacity before Bechtel can perform the detailed design of Plant 100.
This decision had to be postponed until the first quarter of 1994, in view of the
uncertainties created by the Cyprus Amax merger and lab closure.

3. Laboratory research for process optimization of column flotation is nearing
completion. It appears that both the Ken-Flote and Microcel type column
designs are capable of meeting the product quality and recovery specifications
from Elkhorn No. 3, Taggart, Sunnyside, and Indiana No. 7 coals, but both will
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have difficulty in meeting targets with Winifrede coals. The performanceof the
packed column was inferior. In view of the above, bench-scaletestinghas
been started with the Ken-Flotetype columnat Amax R&D Center (see Subtask
4.4), and it is planned to test the Microceltype columnon bench-scaleas well.
These resultswill not be availableuntilthe end of the firstquarter of 1994 and,
therefore,the detailed design of Plant200 has to be delayed to the second
quarter of 1994.

TASK 6. SELECTIVE AGGLOMERATION LABORATORYRESEARCH AND
ENGINEERING DEVELOPMENT FOR PREMIUM FUELS

Task 6 activities during the quarter included completionof the scheduled
bench-scale grinding tests and initialprocessoptimization. Bechtelalso began
some conceptualengineeringstudiesfor design of the PDU.

Subtask 6.2. Grindln¢l

The testing portions of the grinding studies for preparation of the feed for
selective agglomeration were completed during the quarter. For the most part, the
Subtask 6.2 studies drew upon the same laboratory and pilot-plant testing as the
Subtask 4.1 grinding studies for preparation of flotation feed slurry. Preparation of
the Subtask 6.2 topical report is scheduled to begin shortly after the Subtask 4.1
topical report is completed.

The basic conclusions of the Subtask 6.2 work will be that the grinding
requirements ahead of selective agglomeration are similar to the grinding
requirements ahead of advanced froth flotation.

The only extensive testing done specificallyfor Subtask 6.2 was continuous
ball mill and stirred ball mill grinding tests on subbituminous Dietz coal. These
were all open-circuit grinding tests, and Table 12 records the performance of each
mill. The results are also plotted in Figures 17 and 18 for comparison with similar
grinding tests on the bituminous test coals. The capacities of the mills were
between 40 and 50 percent less when grinding Dietz coal than when grinding the
other coals. The observed difference in grinding performance is consistentwith the
lower grindability index (HGI = 41) of the Dietz coal. Water requirements are also
a major difference between grinding subbituminous coal such as Dietz and
bituminous coals. A significant amount of water soaks into the structure of
subbituminous coal, so extra water must be added to the slurry in order to provide
sufficient fluidity for flow through the mills and pipelines.

Agglomeration liberation tests were performed on the stirred ball mill product
slurries from the continuous grinding tests. (The acidification procedure was
followed as described last quarter.") The ash contents of the agglomerates are
plotted versus the D80 grind sizes in Figure 19. According to this plot, Dietz coal
needs to be ground to D80 = 20/Jm in order to meet a <860 g/GJ ash
specification. This is the same grind size recommended for Indiana VII coal.

52



Table 12_ Parametric Gdndin0 Tests on Dietz Coal (HGI =
41) in 1.2-m Ball Mill and _Liter StirredBall Mill

feed Product
Dry Coal, % DS0 D98 DS0 D50

_ _ Solids get _ _

Ball .Mill Gdndirla

B15-1 41 196 35.7 5,267 447 149 52
B15-2 41 388 32.9 5,267 541 213 88

St!n'ed Ball Mill Gdndina

$15-1 41 468 33.2 149 103 41 16.9
$i5-2 41 224 33.1 149 63 27 11.2
$15-3 41 141 33.0 149 49 20 8.9

1.2m BallMill

250 _ i i i....i i i i ......
I I I I I I I I
I I f I I _I i _.IX I

200 _-- -_---4 -a---_-- _-_-4-

'- I I
E 100 .... _ L........ x ....
c; I II I
oo I I
r_ 50 .... _ i

I I
I

I I

o ', i.......I l I
100 150 200 250 300 350 400 450 500 550

Dry Coal, kg/hr

Taggarf -+- Indiana VII _ Sunnyside

Winifrede --x-- Elkhorn No. 3 _ Dietz

Figure 17. Ball mill grinding rate versus 80 percent passing size (D80)
for six test coals.
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40--liter Drais Mill
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Figure 18. Stirredball mill grindingrate versus80 percentpassingsize
(D80) for six test coals.
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Figure 19. Ash liberationversus80 percentpassingsize (DS0) for
Dietz coal ground in the 40-literstirredball mill.
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_Subtask8.3. Process Optimization Research-

The emphasis of the processoptimizationresearchduringthe quarterwas on
the selectiveagglomerationof subbituminousDietz coal. Thiswork is beingdone
at Arcanum on slurryground in theirlaboratory.

Heptane bridging liquid containingvarying amountsof asphalthas been used
for this work. As described lastquarter,acidificationof the slurrywas necessary
for the inversionreactionto occur. Arcanumhas since examined the use of
chelating agents as well as acids, specificallyEDTA (ethylenediaminetetraacetic
acid) and sodium metaphosphate. Table 13 lists the tests performedwith these
reagents. The pH reductionpowerof aceticacid and EDTA is shownin Figure20.
The following conclusionswere drawn from this work:

• In the presence of an asphaltbinder,pH reductionto 5.0.5.5 activatesthe
Dletz coal sufficientlyto achievereasonablyhigh shear agglomerationtimes.
Ethylhexanolwas not effectivefor activatingagglomerationat thesepH
reductions. These pH levelsare moderateenoughthat corrosionwouldbe less
severe in a productionplantthanwhen operatingat the highlyacidiclevels
indicated previously.

• pH reduction alone seemsto be sufficientto achieve the improvedactivation
noted during testing. Inversiontimesare seen to correlatestronglywith pH.
EDTA seems to be effectiveat smallerpH changes. This may be due to the
chelating power of EDTA. While acetic acid and EDTA give roughlythe same
pH reductionper equivalentof reagentused per gram of coal, aceticacid is
nearly three times as efficienton a weight basis clueto its muchlower
molecular weight per equivalent.

• Sodium metaphosphate was not effectivefor activatingagglomeration either
alone or in conjunction with EDTA additions,

• Finer grinding seemed to reduce the efficiencyof the separation.

Selected test conditions were being repeated with pentane bridging liquid to
provide the first points in a heptane/pentane comparison matrix. Further
optimization of the EDTA/acetic acid systems will be conducted during continuous
testing in a laboratory scale apparatus.

Subtask 6.6. Conceptual Design of the Selective Aaalomeration Module

During the quarter, a preliminary planning meeting was held at Bechtel.
Focus of initial activities was on evaluation of relative costs and merits of two
potential designs. The first will be similar to the design developed and tested by
Arcanum and Bechtel at Homer City using heptane as the agglomerating agent in a
sedes of high and low shear stirred tank reactors. The second approach will use a
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Table 13. Low-Rank Coal Results

Agglomeration of Ball Milled Dietz Coal with Heptane Bridging Liquid and Asphalt Binder

Bridging Inversion Feed Pmcbct Tails

Test Liquid AsphalL Dose, Trne, [:)80, Ash, Ash, Ash,

No. Dose, % % Additive % P_.H_ Seconds _ _ %

BA-281.0 53.00 1.67 EDTA 5.00 5.60 4.50

BA-286-0 33.00 1.70 EDTA 5.50 5.60 150 36 4.50 2.73

BA-298.0 39.00 2.00 EDTA 2.50 6.10 4.48 2.82

BA-300.0 43.00 2.50 EDTA 2.50 6.10 200 4.48 2.90

BA-300-O 42.00 2.00 EDTA 5.00 5.60 135 4.48 2.74

ol BA-305-O 42.00 2.00 EDTA 0.78 6.80 22 4.56 2.94 81.88
o) BA-305.0 42.00 2.00 EDTA 0.78 6.80 330 22 4.56 2.98 86.88

BA-314-0 40.00 2.00 EDTA 2.00 6.20 200 36 4.50 2.77 87.80

BA-314-0 40.00 2.67 Na(Meta) PO4 5.00 6.90 600 38 4.50 3.15 88.82

BA-316-O 44.00 3.00 EDTA 1.58 6.65 540 31 4.56 2.85 50.46

BA-319-0 34.00 1.90 Na(Meta) 1:'04 1.75 6.90 250 50 6.25 3.52 87.63

BA-319-0 45.00 3.00 EDTA 1.58 6.63 195 31 4.56 2.79 82.57

BA-321-0 40.00 2.00 EDTA 1.00 6.70 205 50 8.25 3.34 89.55

BA-321-0 40.00 2.00 EDTA 2.00 6.45 160 50 6.25 3.02 91.45

BA-323-0 40.00 1.75 Acetic Acid 1.64 5.60 195 32 4.72 2.90 82.92

BA-323-0 40.00 2.00 Acetic Acid 2.50 5.00 150 32 4.72 2.90 90.17

BA-326.0 40.00 0.00 Acetic Acid 2.50 5.00 32 4.72

BA-333.0 40.00 1.50 Acetic Acid 2.50 5.00 31 4.72 3.00 98.80

BA-333-O 40.00 1.50 Acetic Acid 2.50 5.00 210 31 4.72 2.g0 50.86
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single-stagenovel design reactorproposedby Dr. Kellerbased on his pest
experiencewith the Otleca agglomemtlonsystemwhich used pentaneas the
agglomeratingagent. The second system offerspotentialfor cost sevlngsbut may
need more developmenteffort.
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PLANS FOR NEXT QUARTER

Task 4, advanced flotation activities,will receiveconcentratedattentionduring
the January - March quarter. The topical report for the Subtask4.1 grindingstudy
and the test plan for Subtask 4.4 willbe issued. Subtask4.2, laboratoryflotation
optimizationresearch,will be completedat CAER,VPI, and Amax R&D, and the
findingswill be organized into a draft topical report presentingthe combined
conclusionsof the three researchgroups. The bench-scaleflotationfor Subtask4.4
has begun in the O.3-m columnand will continueon intothe followingquarter. The
initialeffortwill be on ElkhornNo. 3 coal, followed by Winifredeand IndianaVII
coals. Productionof 40 to 80 kg/hrquantitiesof clean coal with the O.3-mcolumn
will allow Subtask 4.3, CWF formulationstudies,to begin in earnest duringthe
quarter.

Bechtel will continue the scheduled work on parts of Task 5, final design of
the PDU, which will not be impacted by any unanticipated results of the Subtask
4.4 test work. The design for the water recirculation system, in particular, will
receive attention during the quarter.

The topical report describing the Subtask 6.2 study for grinding coal prior to
selective agglomeration will aLsobe issued during the quarter. In the meantime,
optimization of the selective agglomeration process for subbituminous coal will
continue at Arcanum, and a 50-gram per minute continuous laboratory system will
be assembled and placed into service at Amax R&D for testing bituminous coals.
Bechtel will continue their conceptual design study for the Subtask 6.6 selective
agglomeration module. The latter study will include a comparison of circuits
designed for use with the pentane agglomerant with circuits designed for use with
the heptane agglomerant.
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APPENDIX A

ACRONYMS/ABBREVIATIONS
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ACRONYMS/ABBREVIATIONS

Amax R&D Amax Research & Development Center
CAER Center for Applied Energy Research, University of Kentucky
CWF Coal Water (Slurry) Fuel
D50 Particle size opening where 50 percent by weight of a distribution will

pass.
D80 Particle size opening where 80 percent by weight of a distribution will

pass (often used for grinding calculations).
D98 Nominal top size of a distribution. Particle size opening where 98

percent by weight of a distribution will pass.
DOE United States Department of Energy
FY Federal Fiscal Year

HHV Higher Heating Value
HHVc Calculated Higher Heating Value
MIBC 2-Methyl Pentanol-4 (Methyl Isobutyl Carbinol)
PETC Pittsburgh Energy Technology Center
PDU Process Demonstration Unit

POC Proof-of-Concept
PSD Particle Size Distribution

Rec Recovery
S(t) Total Sulfur
S(py) Pyritic Sulfur
S(pyc) Calculated Pyritic Sulfur
Btu British Thermal Unit (Unit of Energy)
g Gram
GJ Gigajoule (One Billion Joules)
HGI Hardgrove Grindability Index
hp Horsepower
hr Hour

J Joule (Unit of Energy)
kg Kilogram
kW Kilowatt (Unit of Power)
Ib Pound

Ipm Liters per Minute
m Meter or, on occasion, Mesh
M Mega, Million
mg Milligram (One Thousandth Gram)
mm Millimeter (One Thousandth Meter)
mmBtu Million Btu

pH Acidity/Alkalinity of an Aqueous Solution
st Short Ton (2,000 Pounds)
t Tonne, Metric Ton (1,000 kg)
VPI Virginia Polytechnic Institute and State University
/Jm Micrometer, Micron (One Millionth Meter)
/Jg Microgram (One Millionth Gram)
48 mesh 300 _um
100 mesh 150/Jm
200 mesh 200 pm
325 mesh 45/.tm
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