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1.0

INTRODUCTION

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

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

1.1 Scope of this Document

The Department of Energy (DOE) awarded a contract entitled
"Engineering Development of Advanced Physical Fine Coal Cleaning
Technology - Froth Flotation", to ICF Kaiser Engineers with the
following team members, Ohio Coal Development Office, Babcock and
Wilcox, Consolidation Coal Company, Eimco Process Equipment Company,
ITlinois State Geological Survey, Virginia Polytechnic Institute and
State University, Process Technology, Inc. The organizational chart
for this project is presented in Figure 1.1.

This document a quarterly report prepared in accordance with the
project reporting requirements covering the period from October 1,
1993 to December 31, 1993. This report provides a summary of the
technical work undertaken during this period, highlighting the major
results. A brief description of the work done prior to this quarter
is provided in this report under the task headings.

1.2 Overall Project Scope

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

The conceptual flowsheet will be revised based on the results of the
bench scale testing and areas will be identified that need further
Targer scale design data verification, to prove out the design. The
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1.3

1

proof-of-concept will be accomplished by designing, constructing,
operating and testing a 2-3 ton per hour proof-of-concept plant.
This plant will be designed for continuous operation and will
include two consecutive 5 days, 24 hour per day runs on each of the
three test coals to demonstrate process performance on a commercial
basis.

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

The economics of the flowsheet will be determined to enable industry
to assess the feasibility of incorporating the advanced fine coal
cleaning technology into the production of clean coal for generating
electricity. This concept should provide an ability to reduce
sulfur oxide emissions more economically than FGD systems when
compared on a dollar per ton of sulfur removed basis.

Work Executed at Different Locations

The project team consists of research and engineering groups at ICF
Kaiser Engineers, Babcock and Wilcox, Consolidation Coal Company,
Eimco Process Equipment Company, I1linois State Geological Survey,
Virginia Polytechnic Institute and State University, Process
Technology, Inc. and Michigan Technological University Institute of
Materials Processing with ICF Kaiser Engineers as the prime
contractor with DOE. The work being conducted by different
organizations is based upon their area of expertise and this has
been incorporated into the project Work Plan. The work undertaken
by the different organizations is identified in Table 1.1. This
report is prepared in an integrated manner combining work done by
each organization by task. This 1is considered to be a more
effective way of presenting the technical data developed by each
organization.
Table 1.1
Task and the Responsible Team Member

Project Planning ICF KE
Preliminary Conceptual Design ICF KE, B&W, EIMCO, TSG, TAC
Determination of Critical Areas ICF KE, B&W, EIMCO, TSG, TAC

Test Plan Formulation , ICF KE, B&W, EIMCO, TSG

Bench Scale Testing ICF KE, B&W, EIMCO, PTI, TSG, TAC
Component Development VPI, TSG

Analysis of Test Results ICF KE, B&W, EIMCO, VPI, TSG
Revised Conceptual Design ICF KE

POC Module Design ICF KE, B&W, EIMCO, TSG, TAC

POC Procurement and Fabrication ICF KE
POC Installation and Startup ICF KE, B&W, EIMCO, TSG

POC Test Plan Formulation ICF KE, B&W, EIMCO, TSG, TAC
POC Testing and Operation ICF KE, B&W, EIMCO, TSG
Analysis of POC Test Results ICF KE, B&W, EIMCO, TSG
Final Conceptual Design . ICF KE, B&W, EIMCO, TSG

POC Module Removal ICF KE
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2.0

TASK 2 PRELIMINARY CONCEPTUAL DESIGN

2.1

2.2

Overview and Scope

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

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

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

Review of Work Completed This Quarter

On August 15, 1989, DOE approved Task 1.2 as submitted. With this
as a basis, ICF KE and the team members proceeded with the remainder
of the project. No additional work was planned nor completed during
this quarter.
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3.0

TASK 3 CRITICAL AREA DETERMINATION

3.1

3.2

Overview and Scope

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

A design deficiency 1list was generated, and the project team
determined the parameters needed for final design of the unit
operation - either by further engineering analysis or by
experimental data obtained from bench-scale tests. Other solids
processing industries, such as phosphate and clay beneficiation,
were examined to assess the means by which they effectively process
ultra fine particles.

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

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

Review of Work Completed This Quarter

The final report of this task has been submitted to DOE. No
additional work was planned nor completed during this quarter.
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4.0

TASK 4 TEST PLAN FORMULATION

4.1

Overview and Scope

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

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

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

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

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

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

The detailed, quantified tests addressed obtaining data necessary
for solving problems uncovered in the deficiency review. Each
identified deficiency had a plan developed to address the reason for
the testing, the means for the test matrix to obtain results and the
expected results. Each test plan established procedures, adhering
as much as possible, to known and industry-acceptable procedures for
sampling and data collection. Raw data collection would be reduced
to minimize expenses and to better be able to compare results and
obtain meaningful information, especially scale-up factors.
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The Development Test Plan for both parts one and two contained
schedules, manpower requirements, and resources necessary to obtain
information to define a commercially available system.

The plan for use of the team members was developed to comply with
the results of the DOE uniform coal sample procurement and storage
procedures. The quantity of coal necessary for each testing program
was calculated. A sample of all three of the referenced coals was -
to be obtained, preferably from the same source as the Surface
Control contractor. This coal would be stored and handled as
outlined 1in the coal procurement and storage plan. These
procedures, when properly followed, should minimize physical and
chemical changes to the raw coal.

4.2 Review of Work Completed This Quarter

The Task 4 Report was submitted to DOE as a final report. No
additional work was planned nor completed during this quarter.
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5.0

TASK 5 BENCH-SCALE PROCESS TESTING

5.1

5.2

Overview and Scope

The overall goal of Task 5, "Bench-Scale Process Testing" is to
develop the necessary unit operation design and process performance
data required to 1) reduce or eliminate the technical and
engineering uncertainties of the preliminary 20TPH advanced location
semi-works plant and 2) design, build and operate a 2-3 TPH advanced
flotation POC module.

The unit operation performance and process design information
required to support development of the advanced flotation process is
being examined in a multi-tier program at B&W and Process
Technology, Inc. Laboratory scale studies are being conducted in
several key process areas - conventional precleaning of the raw
coal, microgrinding of the pre-cleaned coal, advanced froth
flotation of the fine coal and dewatering of the product streams.
The results of these studies are then being used to guide small,
semi-continuous and continuous testing of the key unit operations at
approximately 100 1b/hr.

The bench-scale and semi-continuous process design evaluation test
programs will provide detailed information for developing process
material and energy balances. The material balance data will be
used to correctly design and size the equipment for the POC module.
The energy balance information will allow for estimation the cost
effectiveness of the design.

The bench-scale test programs will also identify the optimum
conditions for microgrinding the coal for maximum pyritic sulfur
rejection in advanced flotation and the most promising advanced
flotation technique which will then be integrated into the overall
processing scheme. The 100 1b/hr test program will provide
verification of the laboratory tests results and demonstration that
these results can be scaled-up for application in the 20TPH semi-
works plant design.

Both the bench-scale, semi-continuous and continuous process design
evaluation tests will serve as critical reviews of the preliminary
process flowsheet. Process deficiencies and limitations discovered
in these programs will require modification of the original
conceptual flowsheet. This information will aid in identifying
solutions to the successful implementation of advanced flotation
technology.

The bench-scale and process testing consists of eleven major
subtasks performed over a period of 12 months.

Review of Work Completed This Quarter
This task has been completed and the results of this task are

reported in the Task 7 report. No additional work was planned nor
completed during this quarter.
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6.0 COMPONENT AND UNIT OPERATIONS DEVELOPMENT

6.1

6.2

Overview and Scope

The Task 6 effort involves three main elements including column cell
development, flotation circuit testing and flotation cell modeling.
The work outlined is to research column designs and operation
parameters in developing an optimized column flotation cell (OCFC)
to meet the overall program objectives. The test results obtained
through this effort will be evaluated against the results obtained
from the round-robin test program in Task 5. Any design parameters
or operating conditions that are unique with the round-robin test
winner that were not evaluated as part of the optimized column
development work will be reviewed and tested so as to incorporate
all possible scenarios in presenting DOE with the best available
flotation process for use in the 2 to 3 ton per hour POC.

Following development of the OCFC, various flotation circuit
configurations will be evaluated determine the "best" circuit design
for the 2 to 3 ton per hour POC. Single and multiple stage
flotation, grab and run, rougher/scavenger/cleaner, etc., test
circuits will be tested as part of this effort. Upon completion of
this test work, the "best" possible flotation cell will have been
tested in a number of possible flotation circuit designs to possibly
provide the "best" flotation approach in meeting the design
criteria.

In conjunction with the flotation test effort, model development
work will be conducted to provide a tool in evaluating the various
flotation circuit configurations and in predicting flotation
performance. - The model will be useful in selecting operating
conditions in the POC and in evaluating the performance of the POC.

Review of Work Completed this Quarter
This task has been completed and the results of this task are

reported in the Task 7 Report. No additional work was planned or
completed during this quarter.
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7.0 EVALUATION OF BENCH-SCALE AND COMPONENT TEST RESULTS
7.1 Overview and Scope

A bench-scale and component testing report was prepared and
submitted to DOE after completing Task 5 and Task 6.

The report included the preparation, presentation and analysis of
all the experimental data obtained in the bench-scale and component
unit operations, development and testing. A comparison of the
results obtained with the expected limitations and deficiencies that
occurred from bench-scale testing was compiled.

Following the evaluation of the bench-scale and component testing
results, a residual needs analysis was prepared. This was prepared
after comparing results learned in Tasks 5 and 6 with the original
residual needs analysis.

Finally, a bench-scale testing summary was prepared. It
specifically addressed the results of the bench-scale component
testing in respect to the information necessary to define a
commercially operating system. This included equipment selection,
sizing, evaluation and operation to achieve both coal cleaning as
well as the cost of system operation.

7.2 Review of Work Completed this Quarter
This task has been completed and the Task 7 Report submitted to DOE

in its final version. No additional work was planned or completed
during this quarter. ‘ ‘
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8.0

REVISED CONCEPTUAL DESIGN OF SEMI-WORKS PLANT

8.1

8.2

Overview and Scope

Following DOE authorization to proceed with this task, the
preliminary conceptual design of a 20TPH semi-works plant (Task 2)
was redesigned from all information available at this point in the
project. This wupdate of the conceptual design incorporated
information derived about fine grinding, advanced froth flotation,
and dewatering in Tasks 5 and 6. The summary report produced in
Task 7 describing bench-scale test results and component development
was used as a basis.

This task complied with all of the design requirements discussed in
Task 2. The process flowsheet was updated with complete energy and
material balances for all process flowstreams. The equipment 1ist
was updated and supplied the base for a recalculation of the
factored estimate of the capital, operating and maintenance costs.
In addition, differences between the designs in Task 8 and Task 2
was highlighted and their effects on process and plant design
credibility, efficiency, maintenance, operation, complexity,
control, performance, and economics were discussed.

ICF Kaiser Engineers, with assistance from its sub-contractors and
the Technical Support Group, were responsible for the compietion of
this task. This design will serve as a basis for the POC design in
Task 9 and the final semi-works design in Task 15.

Review of Work Completed this Quarter

This task has been completed and a final report submitted to DOE.
No additional work was planned or completed during this quarter.
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9.0

POC MODULE DESIGN

9.1

9.2

Overview and Scope

In order to develop additional confidence in the conceptual design
of the advanced froth flotation circuit, a 2-3 TPH Proof-of-Concept
(POC) facility was necessary. During operation of this facility,
the ICF KE team will demonstrate the ability of the conceptual
flowsheets to meet the program goals of maximum pyritic sulfur
reduction coupled with maximum energy recovery on three DOE
specified coals. The POC circuit was designed to be integrated into
the Ohio Coal Development’s facility near Beverly, Ohio.

0CDO’s facility will provide the precleaning unit operations and
ICF KE will add the advanced froth flotation circuitry. The work in
this task will include the POC conceptual design, flowsheet
development, equipment 1ist, fabrication and construction drawings,
procurement specifications and bid packages and a facilities .
estimate at the completion of design. After DOE approval, the
design was finalized for the next task.

Review of Work Completed this Quarter

This task has been completed and the Task 9 report submitted to DOE.
No additional work was planned or completed during this quarter.
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10.0 POC MODULE FABRICATION
10.1 Overview and Scope

The overall objective of this task is to obtain the equipment,
materials and shop labor to fabricate and assemble each of the
individual modules which constitute the POC Module. The ICF KE
procurement team will solicit bids, place orders, and expedite all
vendors, materialmen and fabricators. Procurement will utilize the
drawings and specifications produced in Task 1.9 as the basis for
these activities. At the completion of the assembly procedure, a
ICF KE representative will inspect and perform a functional check of
each module before it leaves the shop.

Several sub-tasks have been identified for their importance in the
successful completion of this task. Work will include placing
purchase orders, procurement of the equipment and materials,
fabrication of the modules, functionally checking the modules,
shipping the modules to the jobsite and preparing the installation
and maintenance manuals.

10.2 Review of Work Completed this Quarter

This task has been completed. No additional work was planned or
completed during this quarter.
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11.0 POC INSTALLATION AND START-UP

11.1

11.2

Overview and Scope

This task covers the functions necessary to install and successfully
start-up the POC module at the jobsite. The installation was
carried out by an installation subcontractor with construction
management provided by ICF KE. The start-up was supervised by
ICF KE and conducted using process engineers from the entire team
and craft labor supplied by the installation subcontractor.

This task includes several major subtasks which was carried out to
assure a successful, on-schedule installation and start-up. ICF KE
will conduct work on installation and interconnection of the
modules, preparation of start-up plans and procedures, the start-up
functions and the finalization of the operations manual.

DOE’s TPO was kept informed of construction progress and has access
to the site for inspection of the work. ICF KE’s construction
manager was assigned prior to the start of construction activities
and maintained the job progress through on-site assessment of the
work and was using the construction schedule produced in Task 9 for
control.

Review of Work Completed this Quarter

A11 construction has been completed. No additional work was planned
or completed during this quarter.
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12.0 POC TEST PLAN FORMULATION

12.1

12.2

Overview and Scope

The project team will coordinate its expertise and develop a testing
plan that will provide performance data, quality data, scale-up data
and operating data. The plan was submitted to DOE for approval
after completion of Tasks 9 and 10.

This plan, after approval/revisions, will become the final test
plan. The test plan will include long term testing, steady-state
operation and effects of recycle operation. The testing program
will demonstrate 90% onstream capability, evaluate process control
instrumentation, develop information for scale-up, demonstrate
compliance with regulatory requirements, evaluate materials of
construction, and determine process economics. Ancillary
information such as quality of waste stream materials was gathered.

The finalized plan will include a budget and scheduie to complete
all required tests and to produce batches of material for testing of
beneficiated coal.

Review of Work Completed this Quarter

This Task has been completed. No additional work was planned or
completed during this quarter.
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13.0 POC OPERATION
13.1 Overview and Scope

This task is the actual demonstration of the advanced froth
flotation technology. All previous work has led to this task.
ICF KE technicians and process engineers from the team will operate
the plant over a 10 month period to demonstrate the capability of
the technology to remove 85% of the pyritic sulfur from three
different test coals while covering at least 85% of the as-mined
coal’s energy content.

Six major subtasks have been included to better define the overall
work scope for this task. The ICF KE team will test the Pittsburgh
#8 seam, the I1linois #6 seam and the Upper Freeport seam; the team
will operate the circuit in a continuous run; the team will analyze
all samples generated in those runs and will develop a plan to store
and dispose of the coal and refuse products.

A11 Taboratory data generated will be accessible to all team members
and the DOE. The TPO will be notified of all run days in advance
for the purpose of planning his trips to the site. Sufficient time
will be allowed in the test plan, developed in Task 12, to permit
quick analysis of data generated from a completed test before
continuing to the next test.

13.2 Review of Work Completed This Quarter

This Task has been completed. No additional work was planned or
completed during this quarter.
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14.0 TASK 14 POC OPERATIONS ANALYSIS
14.1 Overview and Scope

The completion of this task will result in a complete analysis of
the results from all the test runs on all of the coals cleaned in
the POC module. The work will include, in an organized and readily
accessible manner, all available laboratory data and operating
results from the Advanced Flotation technology. The information
will be utilized to generate results that will be compared to the
batch and semi-continuous results with respect to quality and
equipment design parameters. This information will then be used for
the Final Conceptual Design of the 20 TPH semi-works facility. The
results will be contained in a formal POC Testing Summary Report.
14.2 Review of Work Completed This Quarter
As stated above, the Task 14 report resulted in a complete analysis
of the results from all the test runs on all the coals processed in
the POC module. This quarterly report will highlight the results
from the three seams of coal tested in the POC, Pittsburgh No. 8,

Upper Freeport, and Illinois No. 6 during the demonstration
operation.

24-HOUR DEMONSTRATION TESTS

The 24-hour demonstration runs are described in the following
paragraphs. The tests were conducted using the best operating
conditions for the heavy-media cyclone, water-only cyclone, and the
mill circuit. The tests were composites of eight (8)-hour shifts.

Based on the Box-Behnken tests results, the best operating
conditions were identified for each of the three base coals. These
best conditions are summarized in Table 14.1. As shown, the same
collector dosage (i.e., 1.0 1b/ton) and column feed rate (i.e., 2.0
tph) were found to be best for all three coals. However, the
Pittsburgh No. 8 seam coal was found to require a slightly higher
air holdup than the other two coals. This indicates that the
Pittsburgh No. 8 seam coal required a slightly higher frother dosage
to achieve maximum performance.

Table 14.1
Test Conditions Examined During the 24-Hour Demonstration
Plant Column Collector Air
Coal Feed Rate Feed Rate Dosage Holdup
Seam (tph) (tph) (1b/ton) (%)
Pittsburgh No. 8 3.1 2.0 1.0 24
Upper Freeport 2.3 2.0 1.0 21
ITTinois No. 6 2.6 2.0 1.0 21

168/DOE/QtrlyRep/Jul-Sep.%94
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The test data and performance calculations for the long-duration
testing of the Pittsburgh No. 8, Upper Freeport, and I1linois No. 6
seam coals are summarized in Appendices H-J, respectively.

The data obtained from the HMC circuit during the 24-hour
demonstration POC tests are given in Figures 14.1 - 14.3 for each of
the three base coals. The average results obtained for Btu
recovery, ash vrejection, and pyritic sulfur rejections are
summarized in Table 14.2. Although very high Btu recoveries (>95%)
were achieved in all cases, the ash rejections were typically very
poor (<5-10%). The HMC circuit did reject a significant amount of
pyritic sulfur, usually in the range of 45-60%. The pyritic sulfur
rejections showed considerable variability throughout the test
program. These variations were found to be primarily related to
fluctuations in the pyritic sulfur content of the feed coals. The
long-duration test data suggest that, as a rule of thumb, the HMC
circuit can be expected to reject approximately half of the pyritic
sulfur.
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Table 14.2
Average 24-hour Demonstration Test Results for the HMC circuit

Btu Ash Pyritic Separation
Coal Recovery Rejection Sulfur Efficiency
Seam (%) (%) Rejection (%)
(%)
Pittsburgh No. 8 95.9 4.2 44.3 40.1
Upper Freeport 95.3 2.7 48.6 45.9
I11inois No. 6 95.4 4.6 54.4 49.8

Figures 14.4 - 14.6 show the Btu recovery, ash rejection, and pyritic
sulfur rejection data obtained from the WOC circuit for each of the three
base coals. Average values obtained are reported in Table 14.3. The WOC
circuit achieved very good Btu recoveries (95%). However, both the ash
and pyritic sulfur rejections were relatively poor. For the case of ash,
rejections less than 5-10% were typically achieved. The corresponding
pyritic sulfur rejections averaged less than 30% for the Pittsburgh No. 8
coal and less than 25% for the Illinois No. 6 Seam Coal. For the Upper
Freeport Coal, pyritic sulfur rejections less than 20% were obtained. The
pyritic sulfur rejected was liberated pyrite. This was removed by the
water-only cyclone prior to column flotation.

Table 14.3
Average 24-hour Demonstration Test Results For the WOC circuit
Btu Ash Pyritic Separation
Coal Recovery Rejection Sulfur Efficiency
Seam (%) (%) Rejection (%)
(%)
Pittsburgh No. 8 96.0 11.7 29.6 25.6
Upper Freeport 99.1 4.7 15.3 14.4
[1Tinois No. 6 97.8 9.3 22.6 20.4

The results obtained from the column circuit during the 24-hour
demonstration tests are shown in Figures 14.7 - 14.9. Average
performance values are provided in Table 14.4. As with the other
POC unit operations, the column achieved very good Btu recoveries
(90%). The ash rejections were also found to be very good, usually
in the order of 60-75%. The corresponding pyritic sulfur rejections
were somewhat lower (30-45%), although still quite reasonable.

Page 22
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Table 14.4

Average 24-hour Demonstration Test Results for the Column Circuit

Btu Ash Pyritic Separation
Coal Recovery Rejection Sulfur Efficiency
Seam (%) (%) Rejection (%)
(%)
Pittsburgh No. 8 97.3 78.0 33.4 30.7
Upper Freeport 90.9 56.8 44.5 35.3
I1Tinois No. 6 92.0 75.0 . 39.6 31.6

Based on the results obtained from the HMC, WOC, and column
circuits, the overall performance of the POC circuit was calculated.
These results are summarized in Figures 14.10 - 14.12 for each of
the three base coals. The average performance values are given in
Table 14.5 for reference purposes. As shown, the POC circuitry
typically achieved Btu recoveries in the range of 85-90%.
Corresponding ash rejections were in the order 90% for the
Pittsburgh No. 8 and I1linois No. 6 coals, and 70% for the Upper
Freeport coal. Average pyritic sulfur rejections were typically in
the range of 73-79% for all three coals. These results indicate
that the proposed POC circuit is quite effective in reducing both
the ash and pyritic sulfur contents of the base coal samples with
little loss in heating value.

: Table 14.5
Average 24-hour Demonstration Test Results for the Overall Plant Circuit
Btu Ash Pyritic Separation
Coal Recovery Rejection Sulfur Efficiency
Seam (%) (%) Rejection (%)
(%)
Pittsburgh No. 8 89.5 91.9 73.7 63.2
Upper Freeport 87.5 69.2 75.8 63.3
I11inois No. 6 85.8 88.2 78.6 64.4

A 2 TPH POC test circuit was constructed to test the effectiveness
of an advanced multi-stage processing scheme for the deep cleaning
of moderate-to-high sulfur coals. Using this circuit, parametric
studies were performed to investigate the effects of various
operating parameters on circuit performance. After identifying the
best operating conditions for each coal, long-duration tests were
performed to validate the steady-state performance of the POC
circuitry. For the Pittsburgh No. 8 coal, an Btu recovery of nearly
90% was achieved at ash and pyritic sulfur rejections of 92% and
74%, respectively. A slightly Tlower Btu recovery of 87% and
significantly lTower ash rejection of 69% was achieved for the Upper
Freeport coal. However, a slightly higher pyritic sulfur rejection
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of 76% was obtained. Although the lowest overall Btu recovery of
85% was obtained for the I11inois No. 6 coal, a significantly higher
ash rejection (88%) and pyritic sulfur rejection (79%) was achieved
for this particular coal.

Table 14.6 shows a comparison of the results with the project
objectives set forth at the beginning of the contract. Generally,
the Btu recovery met or exceeded the objective of 85% Btu recovery.
The pyritic sulfur rejection was somewhat Tower than the objective
by about 10%. The Btu recovery and pyritic sulfur rejection are
inverse, i.e. the higher the Btu recovery, the lower pyritic sulfur
rejection. Therefore, if the Btu recovery were reduced for the
Pittsburgh No. 8 and Upper Freeport to 85%, the pyritic sulfur
rejection would increase upwards to approach that of the Illinois
No. 6 product. In no case would pyritic sulfur rejection exceed 80%
and still maintain 85% Btu recovery.

The same scenario holds true for the final ash of the product. As
Btu recovery is reduced, the ash 1in the final product would -
decrease. Again, at 85% Btu recovery, the goal of 6% ash probably
would not be obtained. Ash in the final product is a function of
the coal’s mineral matter distribution.

The surface moisture of the product and the reject were established
to be 30% and 35% respectively. As Table 14.6 shows, in no case
were these objectives fulfilled. In the case of the product, the
dewatering device selected (hyperbaric filter) did not continuously
operate, and for this reason was removed from the POC. A solid bowl
centrifuge was then used to dewater the final product. These are
the moisture results reported. The hyperbaric filter product, when
the unit operated, was in the range of 25-30% surface moisture. The
reject reported is the product of the refuse centrifuge only. The
fine refuse was disposed of in an impoundment. The dewatering
device selected for fine refuse dewatering was a belt press. This
unit operation performed as designed and produced a final product
with a moisture of 30%. However, because of contamination of the
recirculated water by excess flocculant usage for the machine, it
was removed from the POC. '

Table 14.6
Summation of 24-Hour Demonstration Results
Pittsburgh Upper I11inois
Objective No. 8 Freeport No. 6
BM Rec. % 85 89.5 87.5 85.8
Pyr. Rej. % 85 73.7 75.8 78.6
Product Ash % 6 7.6 10.3 7.20
Product Mst.% 30 35.0 35.0 35.0
Reject Mgt. % 30 10.0* 10.0* 10.0*
*Does not include fine reject material.
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ENVIRONMENTAL PERFORMANCE

The environmental performance of the POC facility was as
anticipated. There were no adverse impacts to the environment
during the operation of the POC. The reagents used during
operation, kerosene, MIBC frother, anionic flocculant, cationic
coagulant and with the Upper Freeport, sodium hydroxide, are
standard reagents used in commercial coal preparation plants every
day. The reagents’ storage and handling were according to the
environmental audit plan and complied compietely with the Ohio Power
Company’s rules and regulations which are stricter than the current
Federal, state, and local regqulations.

Refuse disposal was handled by the Ohio Power Company. The coarse
refuse was hauled by truck to the present refuse storage pile. The
fine refuse was pumped to the present refuse impoundment. The
monitoring of the water outfalls, according to the Federal and state
water permits, showed no violations during the operation of the POC
as a result of the refuse material from the plant.

The clean coal was stored and reclaimed by the Ohio Power Company
and delivered to a power station. Again, the monitoring of the
water outfalls according to the Federal and State water permits,
showed no violation during the operation of the POC.

Air quality was maintained at permitted levels. The POC reactivated
pollution control dust collectors and during the operation of the
POC no violations for Federal and state air pollution permits
occurred. _

Based on the -above, if proper precautions are instituted at the
beginning of a project incorporating the advanced flotation circuit
there should be no impact on the water or air quality in and around
the plant.

ENGINEERING PERFORMANCE

The engineering performance of the wunit operations 1in the
precleaning and advanced circuits were according to the initial
design except for the grinding mill. A unit operation-by-unit
operation discussion is contained in the Task 14 report. The report
describes whether the unit operation conformed to the design
criteria, and if not, what should be done in order to meet the
design criteria.

The conclusion that can be drawn from the operation of the POC can
be divided into three topics: the precleaning circuit, the advanced
circuit, and the instrumentation. The precleaning equipment is
composed of conventionally-designed coal preparation equipment and
should not be any problem to scale-up to the semi-works size plant.
The advanced circuit has the only equipment design consideration and
this concerns designing for increased recirculated load to the ball
mill. Otherwise, this circuit should have no problems in scale-up.
-The conventional instrumentations presented no problems and should
scale-up to the semi-works plant. The advanced instruments should
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not be included in the semi-works plant because of operating
problems and/or reliability with the instruments. The only
instrument to be included should be the automatic flocculant control
system. The modification to be made is that the settling rate
instrument needs to be a calorimeter instead of the density
measurement device.

The semi-works plant should be easily scaled-up based on the
experience gained in the POC operation. In fact, there were no

major surprises. A philosophical adjustment developed in the
disposal of the fine refuse in that an impoundment should be
incorporated in the final design. Otherwise all other unit

operations are scaleable to the semi-works size or greater.

The major scale-up calculations are for the advanced column
flotation cell. Table 14.7 indicates the design criteria for the
advanced column.

Table 14.7
Column Design Criteria

FEED RATE = 0.0708 TpH/FT?
WASH WATER RATE = 0.4730 FE/MIN VELOCITY DOWN
AIR RATE = 4.95 cfm/FT° OF CELL AREA

These numbers agree closely with the scale-up values for column
cell for Targer commercial units.

In addition to the engineering design data for the unit
operations, several operational variables were also determined
from the POC operation. These variables were the rates of reagent
usage for flotation, rates of flocculant for dewatering , and the
amount of magnetite used during operation. A systematic method
for all three coals was developed to reach the actual usage of the
consumables during the 24-hour demonstration runs.

Magnetite consumption during operation was a function of the loss
of magnetite on the refuse stream and the tailings of the magnetic
separator. During the 24-hour demonstration runs, samples of the
refuse streams for all three coals were analyzed for magnetite
adhering to the material as it discharged out of the media
circuit. In addition, the feed to the refuse static thickener was
also analyzed for magnetite. This stream would contain magnetite
lost from the clean coal from the heavy-media cyclone and the
tailings from the magnetic separator.

Magnetite loss was determined generally on a pounds-per-ton-of-
coal feed to the media circuit. Losses were a direct measurement
of the efficiency of rinsing the magnetite from the products and
the efficiency of operation of the magnetic separator. The best
efficiency of a magnetic separator is 99.8% magnetic recovery
under the best operating conditions. This means for every one
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thousand pounds of magnetite processed in thé magnetic separator,
two pounds is Tost to the tailings.

The normal feed rate of media to the magnetic separators during
the 24-hour demonstration tests was 10,000-12,000 pounds per hour.
Therefore, the loss of magnetite at peak efficiency would run 20-
24 pounds per hour. If the efficiency of the magnetic separator
would be less than this, magnetite loss would increase. An
example would be if the efficiency dropped to 99.7%, the loss
would be 30-36 pounds per hour. The purpose of this discussion is
to explain the loss of magnetite when expressed in pounds per ton
of feed appears to be totally out of control, when in fact, it was
not. The POC circuit was processing 1.5-2.0 tph of feed, and the
circuit was capable of processing 40-45 tph. If the same
magnetite losses are assumed for both feed rates to the circuit,
the pounds of magnetite lost per ton of feed changes from 9 pounds
per ton to 0.45 pounds per ton.

For the Pittsburgh No. 8, all tests were reported. For the Upper
Freeport, nine tests were not reported, and for the I11inois No.
6, three tests were not reported. The average losses for the
coals were as follows: 5.59 #/Hour - Pittsburgh No. 8; 30.14
#/Hour - Upper Freeport; and 18.47 #/ton - I1linois No. 6. These
numbers, when based on 40 tph feed rate to the circuit, work out
to be 0.14 #/ton - Pittsburgh No. 8; 0.75 #/ton - Upper Freeport;
and 0.46 #/ton - I11inois No. 6. Based on the caliculated losses,
a value of 1.2 #/ton of feed, which is a more realistic value,
will be applied for magnetite losses in the semi-works plant
design.

The following tables, 14.8 - 14.10, indicate the consumption of
frother - MIBC, collector - kerosene, flocculants, both anionic
and cationic, and pH neutralizers used during the 24-hour
demonstration tests. The values calculated will be applied to the
Task 15 report. The data indicate a considerable reduction in
frother, collector, anionic flocculant, and cationic flocculant
for all of the coals from Task 8 to Task 15, except for collector
_for Upper Freeport and cationic flocculant for I1linois No. 6.
There is an additional expense for sodium hydroxide for Upper
Freeport for pH regulation.

OPERATIONAL HISTORY

The operational history of the precleaning circuit and the POC
circuit was very enlightening. During the operation of circuits
on the Pittsburgh No. 8 coal, a number of operating problems
developed that were corrected to permit the operation of the
facility. There were changes in several unit operations and
instruments. These changes are shown on tables 14.11 and 14.12,
respectively. Five of the six unit operation changes and four of
the five instrument changes occurred in the POC circuit.
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TABLE 14.11

TABLE 14.12
UNIT OPERATIONS CHANGES

INSTRUMENT CHANGES

1. Clean-Coal Thickener - Added spray water systems

o 1. Automatic Floc Control - Numerous attempts were
to eliminate froth.

made to make operational an automated floc control
system. They were never completely successful. The
turbidity meter worked, but the settling rate device did
not.

2. Refuse Belt Press - The addition of flocculant
contaminated the recirculated water. As a result, this
unit was shut down.

3. Conventional Flotation - Testing of the conventional
flotation resulted in overdosing the cells to ensure
maximum Btu recovery. The overdosing caused a
buildup of frother in the recirculated water that
poisoned the system. These units were shut down.

2. Ash Analyzer - Despite our efforts, the ash analyzer
never operated properly. Efforts to obtain results for
the pyrite meter were unsuccessful. The samples to the
analyzer were too dilute to register.

4. Clean-Coal Filter - Operational difficulties were
encountered with the hyperbaric filter because of the
discharge system. When operational, the filter produced
a product in the 22-25% surface moisture, but could not
be continuously operated. The unit was shut down.

3. Particle Size Analyzer - We were unable to make the
particle size analyzer operate properly. Over time, the
unit would lose calibration.

4. Thermal Air Flow Meter - For whatever reason, the
air lines on which the meters were mounted contained
water, even though there was an air dryer in the
compressed air system. These units were removed.

5. Grinding System - Numerous changes made to the
classifying cyclones configurations resulted in an
acceptable classification point. However, the ball mill
was undersized for the feed rate required to operate,
resulting in a coarser grind.

5. Orifice Plate Air Flow Meter - These instruments
were installed to replace the above and were operated
successfully. :

6. Varisieve Addition - An additional sizing device was
added to the classification circuit for the ball mill to
eliminate recycling of minus -200 mesh pyrite.

The plant availability during the 24-hour demonstration test points out
the reliability of the POC installation. The availability was
calculated as the number of minutes of downtime divided by the total
number of minutes of operation. Table 14.13, shows the total downtime
operating time and plant availability percentage. :

TABLE 14.13
Plant Availability

Coal Seam DownTime - Min | Operating Time Availability %
- Min
Pittsburgh No. 8 230 11302 98.0
Upper Freeport 377 14280 97.4
I11inois No. 6 1455 14141 89.8
TOTAL 2052 39723 95.0 .
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The downtime was all in the precleaning circuit unit operations. The
handling system accounted for 9.6% of the downtime. Start-up of the
plant after shutdown accounted for 11.5% of downtime. The cagepactor
accounted for 24.7% of the downtime. Pumping problems accounted for
46.1% of the downtime primarily because of oversize material generated
by frozen coal when processing I11inois No. 6. The total downtime
attributed to the advanced circuit unit operations was zero. This
availability compares very closely to industry standards, and it could
have been improved in a commercial-size plant.

RECOMMENDATIONS FOR FUTURE WORK

Based on the above, future work should examine means of reconstituting
this product into either pellets and/or briquettes and reducing the
final surface moisture to less than 10%. This will result in a product
that would be compatible with existing material handling systems and
have an as-received Btu of 12,000-12,500 Btu, which is much more
marketable.

A second problem requiring future work was the size reduction of the
precleaning circuit product. Several alternative grinding systems
should be investigated to improve the economics of final grinding. The
most viable alternative would be the application of a tower mill for
producing the final grind. A tower mill has demonstrated the ability to
require lower horsepower than tumbling ball mills. This would improve
the economics of the operation of the commercial plant.

These are the main areas of future work, (1) improved handleability and
as-received Btu characteristics of the final product, and (2) improved
economical grinding. Both of these could be accomplished at bench-scale
and then mathematically scaled up to commercial sizes. There are
several manufacturers of tower mills and reconstitution equipment
capable of performing laboratory-scale testing, then, based upon this
data, scale up to commercial-size equipment.

At the beginning of this quarter, a Draft Task 14 was prepared and
released for review and comments. The review and comments were returned
to ICF Kaiser, and a rewrite was started at the end of this quarter
incorporating the comments into a final document for publication.
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15.0 TASK 15 FINAL SEMI-WORKS CONCEPTUAL DESIGN

15.1

15.2

Overview and Scope

At the completion of this task, a conceptual design for a 20 TPH
semi-works facility will be available. The design will based on
all knowledge gained previously in Tasks 5, 6, and 13. The work
in this task will be primarily concerned with updating the
conceptual design that was available in Task 8 with results of the
POC scale-up operations from Task 13. Further, the team will
project the design to a 200 TPH commercial facility and provide a
conceptual estimate of the capital and operating costs for that
facility.

The task will include several deliverables - the final report,
design drawings for the semi-works plant, a detailed capital cost
estimate of the semi-works plant and a preliminary conceptual
estimate for the commercial plant.

Review of Work Completed This Quarter

During this quarter, the engineering design drawings of the 20 TPH
Semi-Works plant were completed. Based on those drawings, a
material take-off was completed. The material quantities, along
with capital equipment pricing were utilized to develop a capital
cost estimate. The capital cost estimate was completed for the 20
TPH Semi-Works preparation plant. This estimate is shown in
Appendix A. The final capital cost was determined to be
$10,915,352.00.

The quarter was devoted to writing the Task 15 Report, and the
draft report should be released during the next quarter for
review.
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16.0 TASK 16 POC MODULE REMOVAL

16.1

16.2

Overview and Scope

This task involves removing the POC module from the host facility,
restoring the site, and protecting and shipping all Contractor-
procured government property to PETC.

In decommissioning the process equipment, strict adherence to
removing process reagents and contaminants and to capping and
blanking all openings on the POC module and OCDO host facility
interfaces. A1l government property will be protected from
environmental damage prior to and during shipment to PETC. Al1l
DOE and OCDO host facility property will be restored to its
condition prior to the start of Task 11.

Review of Work Completed This Quarter

During this quarter the DOE equipment was properly stored. All
nuclear material was properly returned to the original suppiiers,
and all reagents were properly removed and disposed of as required
by Federal, State and local regulations. The OCDO facility was
restored and 0CDO testing continued. '

The DOE/PETC and OCDO reached a Personal Property Loan Agreement
concerning the DOE equipment. This equipment will be used by 0CDO
in conducting future additional coal preparation research at the
test site.
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APPENDIX A




EQUIPMENT LIST FOR
SEMI—WORKS PLANT
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DETAILED CAPITAL
COST ESTIMATE




ICF KE JOB NO: 38107-250-00
DATE: JJULY 15, 1994

ESTIMATE CRITERIA
FOR
ENGINEERING DEVELOPMENT OF
ADVANCE PHYSICAL FINE COAL ,
CLEANING TECHNOLOGIES - FROTH FLOTATION
PREPARED FOR
U.S. DEPARTMENT OF ENERGY
PITTSBURGH ENERGY TECHNOLOGY CENTER
PITTSBURGH, PA.

TYPE 3 PRELIMINARY COST ESTIMATE
PREPARED BY
ICF KAISER ENGINEERS. INTERNATIONAL
PITTSBURGH, PA

SCOPE OF WORK

The Department of Energy has commissioned ICF Kaiser Engineers International to develop generic facility
for the cleaning of fine coal using the advance troth floatation technology. The facility is based on processing
41.5 tons of raw coal per hour.

PURPOSE

Provide a preliminary cost estimate for a generic advance froth flotation coal cleaning facility based on the
plant being located in the Greater Pittsburgh Area. This plant couid be built anywhere within the United
States.

DRAWINGS AND SPECIFICATIONS

The specifications and drawings were prepared by ICF KE. The specifications and drawings are based on the
test results from the labaratory and proof-of concept plant.

ESTIMATE FORMAT

The estimate utilizes ICF KE’s interactive estimating system(IEST) and is formatted to show quantities,
manhours, labor cost, construction equipment usage, material and equipment, subcontracts, indirect costs,
contractor’s overhead and protfit, and total dollars for each cost element.

The estimate is an ICF KE Type 3. Preliminary Estimate as defined by the attached estimate type sheets.

QUANTITIES

Quantities for the estimate were developed from the drawings provided and estimators judgement.

DOE




SALE TAX
Sales tax has been excluded.
COST EXCLUSIONS

Permits and Licenses
Finance Charges
Owner’s Cost

Land and Right of Way
Soil Investigation
Environmental Reports
Legal Services

Utilities

CONTINGENCY

The estimate contains contingency at 5% to provide for unforeseen events which statistically are bound to
occur during the life of the project.

ESCALATION

Escalation has been excluded.

ESTIMATE DISCUSSION

The project was commissioned by the Department Of Energy to determine the feasibility of cleaning coal by

the advance froth flotation process. A preliminary cost estimates was prepared with no specitv site selected.
Estimate cost were based on the plant being constructed in the Greater Pittsburgh Area.
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