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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assumes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.




ABSTRACT

This project involves the development of an optimized, bench-scale processing circuit
capable of efficiently removing trace elements from run-of-mine coals. The optimized circuit will
be developed using characterization data obtained from detailed washability studies and release
analyses tests conducted with several eastern U.S. coals. The optimized circuit will incorporate a
variety of conventional and advanced coal cleaning processes which are believed to be the most
cost-effective and commercially viable. The coal products from the optimized circuit will be
further treated with complexing agents specifically designed to extract organometallic trace
elements that are difficult to remove by physical cleaning operations. Finally, innovative
bioremediation schemes will be investigated as a means of controlling the release of trace
elements from the process waste streams. Emphasis has been placed on the development of a
processing circuit which (i) maximizes the rejection of trace elements, (ii) minimizes the production
of coal fines which are costly to process and less marketable, and (iii) minimizes the downstream
impacts of the process waste streams on the environment.

During the past quarter, several key subtasks were completed in accordance with the
project work plan. Most of the characterization tests for the Pittsburgh No. 8 coal have now been
concluded. These include all activities associated with Subtasks 3.2 - Washability Analysis, 3.3 -
Flotation Release Analysis, and 3.4 - SEM/Image Analysis. The resultant coal products from
these tests have been submitted for trace element analyses should be available during the next
quarter. A large portion of the bench-scale test work was also completed during the past quarter
for the Pittsburgh No. 8 coal under Subtask 4.1 - Heavy Media Testing. Additional bench-scale
tests are underway as outlined in Subtask 4.2 - Froth Flotation and 4.3 - Enhanced Gravity
Separation. The data from these tests should be completed by the end of the next quarter.
Finally, experiments conducted under Subtasks 6.1 - Analysis of Pond Toxics and 6.2 - Control
Method Evaluation using samples of refuse from the Pittsburgh No. 8 seam indicate that
significant reductions (up to 90%) in trace element content can be achieved through the
application of microbial mats. Follow-up tests are currently underway.

BACKGROUND

Coal preparation is widely regarded a cost-effective method for reducing the amounts of
potentially hazardous air pollutant precursors (HAPPs) which occur as trace elements in run-of-
mine coals. Unfortunately, many existing coal preparation plants are inefficient in removing
trace elements because of poor circuit design and inadequate liberation of coal and mineral
matter. These shortcomings are often difficult to correct in the absence of characterization data
regarding the mineralogical association and washability of trace elements in run-of-mine coals.

In the present work, detailed trace element characterization studies will be conducted using
samples from three different coal producing regions in the U.S. Using the characterization data,
size classes, density fractions, etc., will be identified that are capable of meeting the desired trace
element cleanup levels using low-cost conventional technologies such as heavy media bath,
cyclones, spirals, etc. Composite (middling) particles that do not meet these criteria will be



pulverized to improve liberation and subjected to a second series of characterization studies. This
information will be used to determine whether additional clean coal can be recovered from the
middlings fractions.

Based on input provided by the industrial participants, one of the three base coal samples
will be selected and subjected to a series of bench-scale tests using a wide variety of advanced
physical separation processes. Processes evaluated in the bench-scale study will include column
flotation cells and enhanced centrifugal gravity separators. These processes are believed to have
the highest overall probability of gaining industrial acceptance. Data obtained from the bench-scale
tests will be used to design optimum circuit configurations for the removal of trace elements. The
various types of fine coal processing technologies may be combined in series to achieve high
rejections of trace elements without ultrafine grinding.

To further enhance the removal of trace elements, the clean coal products from the bench-
scale tests will be treated using complexing agents. These reagents are designed to combine with
specific elements and increase their effective solubility range. This “polishing” step will allow for
the incremental removal of organically bound or poorly liberated trace elements that cannot be
rejected by physical cleaning. In addition, some of the waste streams from the bench-scale tests
will be subjected to a variety of laboratory tests to formulate strategies for controlling the release of
trace elements discarded into refuse impoundments. Finally, the data obtained from the
characterization studies and bench-scale tests will be used to develop a conceptual design for a
proof-of-concept (POC) plant which maximizes coal recovery and trace element rejection.

PROJECT OBJECTIVES

The primary objective of this project is to develop and evaluate an advanced coal cleaning
circuit that is capable of removing hazardous air pollutant precursors from run-of-mine coals in an
efficient and cost-effective manner. Specific objectives of Phase I activities are (i) to determine
the types and relative amounts of trace elements present in several eastern U.S. coals, (ii) to
devise and test bench-scale circuits capable of maximizing the recovery of coal and the rejection
of trace elements, (iii) to develop reliable performance data, operating guidelines and scale-up
criteria for the proposed circuits, and (iv) to formulate strategies which minimize the downstream
impact of trace elements on the effluent streams from the refuse impoundment.

PROJECT TASKS

Task 1 - Project Planning
Subtask 1.2 - Project Reporting

All status, management and technical reports for the project required during the past quarter
have been submitted in a timely fashion to DOE. No delays are currently anticipated in meeting
future reporting requirements.



Task 2 - Sample Acquisition

All activities related to coal acquisition have been completed. This includes the selection,
procurement and preparation of run-of-mine coal samples from the Pittsburgh No. 8, Illinois No. 6
and Coalburg seams. Task 2 is now considered to be complete.

Task 3 - Characterization
Subtask 3.1 - Preliminary Analyses

Preliminary analyses (proximate and ultimate) of the various base coal samples were
conducted at off-campus laboratories. The results of these analyses are still pending and will be
reported after the data has been tabulated, mass balanced and reviewed.

Subtask 3.2 - Washability Analyses

Float-sink tests were completed for the coal sample from the Pittsburgh No. 8 seam during
the past quarter. An overview of the particle size classes that were subjected to float-sink testing is
provided in Figure 3.1. As shown, the feed coal was subdivided into 50 x 10 mm, 10 mm x 28
mesh, 28 x 100 mesh and 270 mesh x 0 size fractions. The 1.4 x 2.0 SG middlings product from
the 50 x 10 mm size class was recovered and dried, crushed to below 10 mm, and wet-sieved into
10 mm x 28 mesh, 28 x 100 mesh, 100 x 270 mesh and 270 mesh x 0 size fractions. Figure 3.2
shows the mass percentages that were obtained by this procedure. Figure 3.3 shows the resultant
particle size distributions for (i) the 50 mm x 0 run-of-mine feed coal, (ii) the crushed 1.4 x 2.0 SG
middlings and (iii) the composite coal sample after the addition of the crushed middlings to the run-
of-mine feed. The float-sink characterization data indicate that the Pittsburgh No. 8 coal is
relatively well liberated since only about 5% of the feed coal reported as middlings in the 1.4 x 2.0
SG density class.

Tables 3.1 and 3.2 summarize the float-sink data for both the run-of-mine feed and crushed
middlings samples, respectively. The data have been mathematically composited in Table 3.3 to
illustrate the cleanability which may be achieved when these two products are combined. Only the
ash and sulfur values have been included in this report since the pyritic sulfur analyses and heating
value determinations were not fully completed at the time this document was prepared. The results
of the ash and sulfur analyses cumulated as a function of particle size class are plotted in Figures
3.4-3.9. Performance curves which include the 270 mesh x 0 coal were not included since the
evaluation of the 270 mesh x 0 release analysis data were not complete at this time. However, the
float-sink data for the coarser size fractions (which represent the bulk of the coal tonnage) indicate
that the cumulative clean coal yield (mass recovery) can be increased by up to approximately 1
percentage point via recrushing and retreatment of the middlings products. For a fully utilized 500
ton/hr processing circuit, this would correspond to approximately $675,000 (i.e., 500 ton/hr x 90%
availability x 1% additional yield x $25/ton x 6000 hr/yr = $675,000/yr) of addition clean coal
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Table 3.1 - Float-sink results for the run-of-mine Pittsburgh No. 8 coal.

Class: 50x10mm Mass (%): 56.26
individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/lb)
1.30 34.07 19.17 4.52 1.96 0.00 0.00
1.30 1.40 34.47 19.39 8.03 3.16 0.00 0.00
1.40 1.55 5.57 3.13 20.43 4.66 0.00 0.00
1.55 2.00 3.50 1.97 41.88 5.59 0.00 0.00
2.00 22.39 12.60 85.82 4.33 0.00 0.00
100.00 56.26 26.13 3.18 0.00 0.00
Class: 10mmx28M Mass (%): 34.70
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/lb)
1.30 47.89 16.62 3.42 1.57 0.00 0.00
1.30 1.40 32.93 11.43 7.24 2.74 0.00 0.00
1.40 1.55 3.63 1.26 17.99 6.36 0.00 0.00
1.55 2.00 2.97 1.03 37.09 8.55 0.00 0.00
2.00 12.57 4.36 84.68 6.51 0.00 0.00
99.99 34.70 16.42 2.96 0.00 0.00
Class: 28x100M Mass (%): 5.85
individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) {%) (%) (%) (Btu/ib)
1.30 39.32 2.30 2.79 1.45 0.00 0.00
1.30 1.40 36.70 2.15 7.01 1.84 0.00 0.00
1.40 1.5 9.03 0.53 13.83 3.62 0.00 0.00
1.55 2.00 4.56 0.27 32.48 6.92 0.00 0.00
2.00 10.38 0.61 75.68 14.27 0.00 0.00
99.99 5.85 14.26 3.37 0.00 0.00
Class: 100x270M Mass (%): 1.19
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normai) (%) (%) (%) (Btu/lb)
1.30 277 0.03 5.49 1.64 0.00 0.00
1.30 1.40 59.04 0.70 6.85 1.563 0.00 0.00
1.40 1.55 12.49 0.15 13.40 2.15 0.00 0.00
1.55 2.00 9.72 0.12 26.61 3.29 0.00 0.00
2.00 15.98 0.19 75.62 18.70 0.00 0.00
100.00 1.19 20.54 4.53 0.00 0.00




Table 3.2 - Float-sink results for the Pittsburgh No. 8 crushed middlings.

Class: 50 x 10 mm Mass (%): 0.00
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/lb)
1.30 0.00 0.00 0.00 0.00 0.00 0.00
1.30 1.40 0.00 0.00 0.00 0.00 0.00 0.00
1.40 1.55 0.00 0.00 0.00 0.00 0.00 0.00
1.55 2.00 0.00 0.00 0.00 0.00 0.00 0.00
2.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
Class: 10mmx28 M Mass (%): 473
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/lb)
1.30 11.37 0.54 6.29 1.97 0.00 0.00
1.30 1.40 23.73 1.12 10.52 3.14 0.00 0.00
1.40 1.55 28.62 1.35 22.73 5.46 0.00 0.00
1.55 2.00 27.76 1.31 42.73 6.18 0.00 0.00
2.00 8.52 0.40 63.64 12.40 0.00 0.00
100.00 4.73 27.00 5.30 0.00 0.00
Class: 28x100M Mass (%): 0.23
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btuflb)
1.30 27.14 0.06 2.93 1.57 0.00 0.00
1.30 1.40 27.59 0.06 8.31 226 0.00 0.00
1.40 1.55 15.96 0.04 18.07 3.60 0.00 0.00
1.55 2.00 1622 | 0.04 38.80 5.34 0.00 0.00
2.00 13.09 0.03 65.89 19.60 0.00 0.00
100.00 0.23 20.89 5.06 0.00 0.00
Class: 100x270M Mass (%): 0.07
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) {Normal) (%) (%) (%) (Btu/lb)
1.30 2.66 0.00 4.61 1.67 0.00 0.00
1.30 1.40 31.55 0.02 6.26 1.71 0.00 0.00
1.40 1.55 29.53 0.02 15.16 2.36 0.00 0.00
1.55 2.00 21.38 0.01 37.73 3.50 0.00 0.00
2.00 14.89 0.01 70.65 22.57 0.00 0.00
100.01 0.07 25.16 5.39 0.00 0.00
8




Table 3;3 - Data obtained by adding crushed middlings to the run-of-mine feed.

Class: 50 x 10 mm Mass (%): 51.16
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/lb)
1.30 37.47 19.17 4.52 1.96 0.00 0.00
1.30 1.40 37.91 19.39 8.03 3.16 0.00 0.00
1.40 1.55 0.00 0.00 20.43 4.66 0.00 0.00
1.55 2.00 0.00 0.00 41.88 5.59 0.00 0.00
2.00 24,62 12.60 85.82 4.33 0.00 0.00
100.00 51.16 25.87 3.00 0.00 0.00
Class: 10mmx28 M Mass (%): 39.44
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/lb)
1.30 33.54 17.16 3.51 1.58 0.00 0.00
1.30 1.40 2453 12.55 7.53 2.78 0.00 0.00
1.40 1.55 5.1 2.61 20.45 5.89 0.00 0.00
1.55 2.00 4.58 2.34 40.25 7.22 0.00 0.00
2.00 9.32 4.77 82.90 7.01 0.00 0.00
77.08 39.43 17.69 3.24 0.00 0.00
Class: 28x100M Mass (%): 6.08
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) (Normal) (%) (%) (%) (Btu/b)
1.30 462 2.36 279 1.45 0.00 0.00
1.30 1.40 4,32 2.21 7.05 1.85 0.00 0.00
1.40 1.55 1.11 0.57 14.11 362 0.00 0.00
1.65 2.00 0.60 0.30 33.26 6.72 0.00 0.00
2.00 1.25 0.64 75.21 14.52 0.00 0.00
11.89 6.08 14.51 343 0.00 0.00
Class: 100x270 M Mass (%): 1.25
Individual
Sink Float Weight | Weight Ash Sulfur Pyritic Heat
SG SG (%) {Normal) (%) (%) (%) {Btu/lb)
1.30 0.07 0.03 544 1.64 0.00 0.00
1.30 1.40 1.41 0.72 6.83 1.54 0.00 0.00
1.40 1.55 0.33 0.17 13.61 2.18 0.00 0.00
1.55 2.00 0.25 0.13 27.86 3.31 0.00 0.00
2.00 0.39 0.20 75.37 18.90 0.00 0.00
245 1.25 20.79 4.57 0.00 0.00
9
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production at the same clean coal ash and sulfur. For reference, a summary of the particle size
distribution data and density partitioning results are provided in Appendix 1. Float-sink tests for the
remaining base coal samples are continuing and should be completed prior to the submission of the
next technical progress report. Trace element analyses are presently underway for all of the coal
products.

Subtask 3.3 - Release Analyses

Flotation release analysis tests have now been completed for the Pittsburgh No. 8 coal. The
test data are summarized in Appendix II. Figures 3.10 and 3.11 show the separation curves
obtained for the run-of-mine feed sample as a function of particle size class (i.e., 28 x 100 mesh,
100 x 270 mesh and 270 mesh x 0 size fractions). In general, both the ash and sulfur rejections
improved as particle size decreased due to enhanced liberation and an increase in the population of
free mineral matter. Although the sulfur rejection curves for the 100 x 270 mesh and 270 mesh x 0
fractions did not follow this general trend, these curves are expected to be reversed once the sulfur
values are converted to pyritic sulfur. For the finest size fraction, it was possible to achieve a
combustible recovery of over 90% with corresponding ash and sulfur rejections of 95% and 55%,

respectively.

The release analysis results for the fine coal fractions generated by the crushed middlings
are provided in Figures 3.12 and 3.13. As with the run-of-mine samples, both the ash and sulfur
rejections improved with a decrease in particle size. It should also be noted that the overall ash and
sulfur rejections obtained for the crushed fines were generally inferior to those obtained with the
run-of-mine feed. This difference may be largely attributed to the lower population of free mineral
matter present in the recrushed middlings streams. It is encouraging to note that the test data
obtained for the finest size fraction (270 mesh x 0) show that a combustible recovery of greater than
80% can be maintained at an ash and sulfur rejections of greater than 80% and 55%, respectively.

Computational procedures are presently underway to incorporate release analyses data with
those obtained from the float-sink tests. These calculations are necessary to fully evaluate the
benefits and adverse impacts of recrushing middlings on overall separation performance. It should
also be noted that the laboratory release analysis tests and sample analyses are continuing for the
remaining two base coal samples. The results of this work should be available prior to the
completion of the next technical progress report. Trace element analyses are presently underway
for all of the coal products.

Subtask 3.4 - SEM/Image Analyses

Characterization of the various density fractions obtained for narrowly-sized fractions of the
Pittsburgh No. 8 coal was completed during the past quarter. The objective of this effort is to
establish statistical correlations between trace element content and mineralogical composition. In
this work, 65 x 100 mesh samples of the run-of-mine coal were subjected to float-sink testing using
a Magstream separator. The resultant products were then analyzed by scanning electron
spectroscopy (SEM) coupled with image analysis (IA).
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Figure 3.10 - Release analysis results for run-of-mine Pittsburgh No. 8 coal.
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Figure 3.11 - Release analysis results for run-of-mine Pittsburgh No. 8 coal.
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Figure 3.12 - Release analysis results for crushed middlings from the Pittsburgh No. 8 coal.
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Figure 3.13 - Release analysis results for crushed middlings from the Pittsburgh No. 8 coal.
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During the past quarter, mineralogical analyses were completed for the float 1.29, 1.29 x
1.30, 1.30 x 1.40, 1.40 x 1.50, 1.50 x 1.60, 1.60 x 1.70, 1.70 x 1.80, 1.80 x 2.00, 2.00 x 2.25, 2.25 x
2.50 and sink 2.50 specific gravity classes. Tables 3.4 and 3.5 show the breakdown of mineralogical
components and coal quality indicators (i.e., ash, sulfur, etc.) for each of these specific gravity
classes. As expected, the total mineral content increased as the specific gravity increased. In fact,
Figure 3.14 shows that the well-known Parr formula (i.e., Mineral Matter = 1.08 (Ash) + 0.55
(Sulfur)) appears to be valid for this particular sample. Five primary mineral groups were identified
during the mineralogical analyses, i.e., silicates, carbonates, phosphates, sulfides, sulfates and
oxides. Of these, the dominant mineral group was the silicates (primarily quartz and clay).
Analyses of the float-sink products for trace element content is presently under way. Detailed
statistical evaluations of the mineralogical data will be conducted after completing the laboratory
trace element analyses.

Task 4 - Bench-Scale Testing

Subtask 4.1 - Dense Media

The primary sizing step in the processing of the run-of-mine Pittsburgh No. 8 seam coal
was completed during the past quarter. The screening of the sample was completed using a
modified pilot-scale vibratory screen (see Figure 4.1). It was necessary to modify the screening
system in order to allow for proper sampling and the simultaneous collection of the overflow and
underflow streams. Rinse water was also introduced in order to clean the fines off of the
oversized particles. All of the water was collected so that trace element balances could be
completed. The screening procedure was carried out in accordance with guidelines outlined in
the previous technical progress report. Figure 4.2 shows the results of the primary screening. As
expected, slightly over half the sample mass reported to the oversize stream. The material
balance data for this primary sizing unit operation are included in Appendix III.

Primary dense media work was also completed during the past quarter. Figure 4.3 shows
the modified sand screw which served as the heavy media bath for the 50 x 10 mm and 10 mm x
28 mesh size fractions. This device required very little active media volume and provided for
continuous removal of the coarse reject particles. The separator was operated in batch mode and
used twice in series to generate a low-density clean coal product, a high-density reject product
and a middlings product. As illustrated in Figure 4.4, the low-density product was generated
from the 50 x 10 mm feed by adding sufficient magnetite to maintain a bath specific gravity of
1.35. The sink from the first stage of cleaning was collected and then fed into the second stage
bath after adding sufficient magnetite to bring the specific gravity up to 2.0. From this second
stage, both a reject (sink 2.0) and middlings (1.35 x 2.0 SG) fraction were produced. The test
data show that a combustible recovery of approximately 96% was obtained when the clean coal
and middling streams were combined. The material balance for this unit operation is provided in
Appendix III. However, the material balance is incomplete pending the completion of the
analysis of the magnetite stream to determine the amounts of coal and mineral matter that were
lost during the magnetite drain and rinse steps.
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Figure 4.2, Primary Sizing Flowsheet
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Blending of the crushed 50 x 10 mm middlings into the 10 mm x 28 mesh run-of-mine
coal fraction has also been completed during the past quarter., The middlings produced from the
primary dense media bath were first jaw crushed to pass 10 mm and then representatively
blended into the underflow from the primary sizing unit operation. This process is illustrated in
Figure 4.5. A material balance data for this blending step are summarized in Appendix III.

After blending, a secondary sizing step was completed. The blended stream (10mm x 0)
was wet-screened at 28 mesh. The plus 28 mesh material was fed to the secondary dense media
bath, while the passing 28 mesh material continued to a tertiary screening operation. Figures 4.6
and 4.7 show the secondary and tertiary screening results, respectively. Material balance data for
these screening operations are also provided in Appendix III. The material balance for the
tertiary screening operation is incomplete at this point; however, the sampling and analysis of
this screening circuit is currently underway.

Finally, all work associated with the setup and operation of the secondary dense media
bath operation has also been concluded. The plus 28 mesh material was fed into the modified
dense media bath which operated at a specific gravity of 1.65. This step produced a clean coal
product having 11.75% ash at a combustible recovery of 95%. The results obtained from the
operation of the secondary dense media bath are provided in Figure 4.8. The material balance
data are summarized in Appendix III. As noted previously, the material balance for the bath is
incomplete pending the analysis of the magnetite slurry from the drain and rinse steps.

Subtask 4.2 - Froth Flotation

Samples to be used in the froth flotation bench scale tests were prepared from the 28 x
100 mesh material that was obtained from the overflow stream of the tertiary screening
operation. Samples were also obtained from the underflow stream of the tertiary screening
~ (passing 100M). These samples were diluted to 6% solids in order to facilitate the column
flotation tests. Shakedown tests of the column flotation circuit has been initiated and flotation
tests are presently underway.

Subtask 4.3 - Gravity Separation

Fractions of the 28 x 100 mesh material and the 100 mesh x 0 shurry have been collected
for use in the enhanced gravity separation test program. Approximately three full-barrels of 100
mesh x 0 slurry and several buckets of 28 x 100 mesh material have been shipped to and received
by Southern Illinois University at Carbondale for use in the Falcon concentrator tests. The
remaining fractions will be utilized in the Multi-Gravity Separator tests that are being conducted
at Virginia Tech.
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Figure 4.4, Primary Dense Media Bath Flowsheet
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Figure 4.5, Blending of Crushed Middlings and Primary Sizing Underflow
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3870 Ibs of -10mm Feed (including Middlings)
@ 20.18% Ash

3051 Ibs of +28 Mesh Material
@ 19.02% Ash

820 Ibs of -28 Mesh Material
@ 24.49% Ash

Figure 4.6, Secondary Sizing Flowsheet at 28 Mesh
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227 Ibs of +100 Mesh Material
@ 14.64% Ash
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Figure 4.7, Tertiary Sizing Flowsheet at 100 Mesh
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@ 76.69% Ash

Figure 4.8, Secondary Dense Media Bath Flowsheet
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Task 6 - Toxic Fate Studies
Subtask 6.1 - Analysis of Pond Toxics

As stated in the previous technical report, a sample of Pittsburgh No. 8 coal refuse was
prepared at Virginia Tech and shipped to Clark Atlanta University (CAU) for use in their studies
related to the release and control of trace metals from coal refuse impoundments. In the first part of
this investigation, approximately 15 kg of the damp coal refuse (plus 28 mesh) was placed in a
plastic container and allowed to stand for approximately one week during shipment to CAU. The
aqueous run-off (i.e., leachate) from the coal refuse was drained off, acidified with concentrated
ultrapure nitric acid in a 10:1 ratio, and hydrolyzed with a microwave digestor. The digested
samples were placed in plastic vials and shipped to Virginia Tech for trace element determinations.

Although the trace element analyses are not yet completed, the concentrations of several
important elements were determined including nickel, cobalt, chromium, manganese, lead and
cadmium. The results of these analyses are discussed in the following section. Of the elements
analyzed, the highest overall concentrations were observed for manganese (400-500 ppb), while the
lowest were measured for cadmium (0.2-0.3 ppb). Analysis of the remaining trace metals of
interest (including mercury) are presently underway.

Subtask 6.2 - Control Method Evaluation

One of the key objectives of the work carried out by Clark Atlanta University will be to
determine whether microbial mats can be used to control the release of trace elements from refuse
pond run-off. To evaluate this possibility, a series of mat sequestering experiments were conducted
using the leachate from the Pittsburgh No. 8 coal refuse. Experiments were conducted using small
baffle tanks (9 x 30 cm) constructed from plexiglass. The baffle tanks were filled with fine glass
wool, inoculated with the microbial mat, and allowed to grow with Allen-Arnon media. Two
identical series of tests were conducted so that the variability of the test procedures could be
evaluated. In addition, a third series of otherwise identical control tests in which no microbial mats
were added was also conducted for comparison. After three weeks of growth, the Allen-Amon
media was completely drained from the baffle tanks and 500 ml of coal leachate were poured into
each tank. Small samples of the leachate were taken from the tanks immediately after contact (time
0) and after one week (7 days) of contact with the mats. '

The results of the mat experiments are summarized in Table 6.1. For convenience, the data
comparing the initial metal concentrations with those obtained after immediate contact (time 0)
with the mats have been plotted in Figure 6.1. As shown, the metal content of the leachate samples
treated by the mats were significantly reduced as compared to the concentrations obtained from the
control tests. The calculated reductions in metal concentrations are shown in Figure 6.2. The
calculations show that the concentration of manganese was reduced by greater than 90% in both
series of mat sequestering tests. Reductions of greater than 80% were achieved for nickel and lead,
while the cobalt and cadmium were reduced by about 65% and 75%, respectively. The smallest
reductions were achieved for chromium (40-45%).
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Table 6.1 - MAT treatment results for Pittsburgh No. 8 coal refuse.

Element Concentration
Time Ni Co Cr Mn Pb Cd
(Days) | (ppb) | (ppb) | (ppb) | (ppb) | (ppb) | (ppb)
Control Tests
0 228.051 51.20 | 76.60 | 446.501 26.20 1.10
7 116.95| 4460 | 27.40 | 31040 | 23.60 1.05
MAT Test #1
0 36.2 17.25 | 45.85 | 26.20 2.55 0.30
7 36.7 9.85 8.35 1.40 <0.5 0.1
Mat Test #2
0 30.1 18.15 | 40.95 | 16.85 3.45 0.25
7 31.15 | 10.00 5.90 5.10 1.10 <0.05

Table 6.2 - Reductions by MAT treatment for Pittsburgh No. 8 coal refuse.

Reduction in Element Concentration
Time Ni Co Cr Mn Pb Cd
(Days) | (%) (%) (%) (%) (%) (%)

Control Tests |

0 0.0 0.0 0.0 0.0 0.0 0.0

7 0.0 0.0 0.0 0.0 0.0 0.0
MAT Test #1

0 84.1 66.3 40.1 94.1 90.3 72.7

7 68.6 77.9 69.5 99.5 b 90.5
Mat Test #2

0 86.8 64.6 46.5 96.2 86.8 77.3

7 734 77.6 78.5 98.4 95.3 il
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Figure 6.1 - Trace element concentration before and after MAT treatment.
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Task 9 - Sample Analyses

Subtask 9.1 - Coal Analyses

As indicated in the previous technical progress report, this subtask is presently running
behind schedule because of the large amounts of samples generated by the characterization studies
and bench-scale test work. Effort is presently underway to clear the backlog of samples.

Subtask 9.2 - Trace Element Analyses

Although the trace element analyses are running behind schedule, work is now progressing
at an acceptable pace to ensure that the project goals will be met in a timely fashion. All technical
and contractual problems associated with the trace element analyses have now been resolved. No
additional delays are anticipated for the completion of this subtask.

SUMMARY, STATUS AND PLANNED WORK

During the past quarter, several key subtasks were completed in accordance with the
project work plan. In Subtasks 3.2 (Washability Analysis) and 3.3 (Flotation Release Analysis),
characterization tests were completed for the Pittsburgh No. 8 coal using float-sink and release
analysis procedures. All coal products have been submitted for trace element analyses and the
complete data set should be available during the next quarter. Preliminary results indicate that
recrushing of coarse middlings isolated by heavy media can improve coal yield and/or quality,
despite the fact that the Pittsburgh No. 8 coal contains relatively few middlings particles. Float-
sink and release analysis tests for the remaining two coal samples are behind schedule and will
continue. Characterization studies conducted under Subtask 3.4 (SEM/Image Analysis) were
completed during the past quarter. These detailed analyses were designed to investigate the
mineralogical association of trace elements in the Pittsburgh No. 8 coal. A few follow-up
examinations may be required before closing this subtask in order to resolve ambiguities which
may arise after completing the trace element analyses and corresponding statistical analyses.

In Subtask 4.1 (Heavy Media Testing), a significant part of the bench-scale test work was
completed during the past quarter for the Pittsburgh No. 8 coal. Preliminary material balances
have been performed and a detailed analysis of the test data is presently underway. Additional
bench-scale tests are also being conducted as outlined in Subtask 4.2 (Froth Flotation) and 4.3
(Enhanced Gravity Separation). The bench-scale tests should be completed by the end of the
next quarter. Finally, in Subtasks 6.1 (Analysis of Pond Toxics) and 6.2 (Control Method
Evaluation), samples of coal refuse run-off were analyzed for trace element content and subjected
to treatment by microbial mats. Initial results indicate that significant reductions (up to 90%) in
trace element content can be achieved through the application of microbial mats. As a final note,
the trace element analyses continue to run behind schedule (Subtask 9.2 - Trace Element
Analysis) due to early delays in obtaining equipment access and the resultant backlog of liquid
and solid samples. Additional manpower has been allocated to bring this project activity back on
schedule and no future delays are presently anticipated.
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Float-Sink Characterization Data
Pittsburgh No. 8 Seam

36



00°001 L'Z¢
00001 ze'L ze'L £2r'0 £50°0 W 022-
8986 997 [ Ler'o | 6800 | €500 | SL°0 W 022+ | WO0.ZXx00L
ve'16 44 95y ov'L 0€0 510 90 N 00L+ W00l X 82
8,26 | 0000L | 8226 08'62 SY'e 90 oL W8Z+ [N8ZXww oL
000 00001 000 0000 v'ze oL 0S wwol+ | wwopx0s
000 00001 000 000°0 0S ww oG+ ww 06+
(%) (%) (%) (6%) (ww) | (ww) | (ww) | uoneubisag | uoyeubiseq
pauielay | Buissed |lenpiaipul |fenpiaipu) | uesyy [paulejey| Buissed | pouteloy [enpiapu|
SSeN ON_M 9)died
00'00} (%) ssew Auo sBulippin paysnid :ojdwes
00700} | 6¢€68
00001 00'C 002 621 £50°0 W 0.2-
0086 6L'¢ 6L'L 9'0L 6800 | €500 | siLo0 Wozz+ |02z x00L
1896 ¥0'6 68'S €25 0€'0 SL'0 90 W 00L+ W 00l X 82
96°06 [7X34 0L'vE ZoLE Sr'e 90 ol W8Z+ |[NgZxwwol
9295 | ooooL | 9z9s 6'20S v'Ze oL 0S ww o+ | Wwol X 0§
000 00°001 000 00 0S ww 0G+ Ww G+
(%) (%) (%) (6%) (ww) | (ww) | (ww) [ uogeubisag | uogeubiseq
paulelay | Buissed |lenpupul jenpiaipu) | uesyy |pautejoy|buissed |  pautelay {enpialpuy
ssey azIS aved
0000+ :(%) ssew paag sunN-jo-uny :ajdweg
8 "ON ybingsuid :weag

37




00001
00004 102 10T £50°0 W 0.2-
£6°L6 2e€ Szl s 6800 | €500 | SL0 Woszz+ |Wo0lzZx00lL
89'96 L'6 809 oco | st0 90 N 00L+ W 00} X 82
65°06 v8'8Y vY'6€ Sp'e 90 oL W8Z+ | 8ZXxwwol
gL'ts | ooooL | 91'Ls ¥'Ze oL 0S ww oL+ | wwol x08
000 00°001 000 0S ww oG+ wiw 0+
(%) (%) (%) (6x) (ww) | (ww) | (ww) | uoneubiseq | uoneubiseg
paulejay mc_wwmn_ |enpialpuj [[enpiAlipu] | ueay _vmc_Smm m:_mwmn_ pauieloy |enpiaipu|
ssein a8zZig spiled
0000} :(%) ssew sbulppiy paysu) Jayy :9jdweg
0L'S ¥9'L
oL's 100 100 200 £50°0 Woze-
¥0'S 710 100 200 6800 | €500 | sL0 Wozz+ | Wo0szZx00L
16V LE0 £2°0 200 0c0 | sito 90 N 00L+ N 001 X 82
eL'Y 0L'S gLy [h SP'Z 90 oL WezZ+ Jngzxwwol
000 0L'S 000 000 y'ee oL 0 ww Qi+ | ww oL x 08
000 oL's 000 000 0S ww oG+ ww 06+
(%) (%) (%) (6%) (ww) | (ww) | (ww) | uogeubiseqg | uoneubisaq
pauie)oy mc_wwmm jenplAipu] { |enpiAipu] | ueaiy _vmc_mumm_ mc_wwmn_ pauiejoy fenpiaipuy
ssey 8zig apiped
0L's (%) ssew (pea4 0} paziieuwnoN) AuO sBulippiy paysnid ojdwes
g ‘ON Ybngsiild ‘wess

38




Seam:
Sample:
Class:

Pittsburgh No. 8
Run-of-Mine Feed

50 x 10 mm

Mass (%): 56.26

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 34.07 4.52 1.96 0.00 0.00

1.30 1.40 34.47 8.03 3.16 0.00 0.00

1.40 1.55 5.57 20.43 4.66 0.00 0.00

1.55 2.00 3.50 41.88 5.59 0.00 0.00

2.00 22.39 85.82 4.33 0.00 0.00

100.00 26.13 3.18 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) {%) (%) (%) {Btu/ib)

1.30 34.07 4.52 1.96 0.00 0.00

1.30 1.40 68.54 6.29 2.56 0.00 0.00

1.40 1.56 74.11 7.35 2.72 0.00 0.00

1.6 2.00 77.61 8.91 2.85 0.00 0.00

2.00 100.00 26.13 3.18 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 100.00 26.13 3.18 0.00 0.00

1.30 1.40 65.93 37.29 3.81 0.00 0.00

1.40 1.56 31.46 69.35 4,53 0.00 0.00

1.56 2.00 25.89 79.88 4.50 0.00 0.00

2.00 22.39 85.82 4.33 0.00 0.00
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Seam:
Sample:
Class:

Pittsburgh No. 8
Run-of-Mine Feed
10mmx28M
Mass (%): 34.70

individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 47.89 342 1.57 0.00 0.00

1.30 1.40 32.93 7.24 274 0.00 0.00

1.40 1.55 3.63 17.99 6.36 0.00 0.00

1.55 2.00 2.97 37.09 8.55 0.00 0.00

2.00 12.57 84.68 6.51 0.00 0.00

99.99 16.42 2.96 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 47.89 342 1.57 0.00 0.00

1.30 1.40 80.82 4.98 2.05 0.00 0.00

1.40 1.55 84 .45 5.54 2.23 0.00 0.00

1.56 2.00 87.42 6.61 2.45 0.00 0.00

2.00 99.99 16.42 2.96 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 100.00 16.42 2.96 0.00 0.00

1.30 1.40 52.11 28.37 4.23 0.00 0.00

1.40 1.65 19.18 64.65 6.80 0.00 0.00

1.55 2.00 15.55 75.55 6.90 0.00 0.00

2.00 12.58 84.63 6.51 0.00 0.00
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Seam:
Sample:
Ciass:

Pittsburgh No. 8
Run-of-Mine Feed

28x 100 M

Mass (%): 5.85

individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 30.32 2.79 1.45 0.00 0.00

1.30 1.40 36.70 7.01 1.84 0.00 0.00

1.40 1.55 9.03 13.83 3.62 0.00 0.00

1.55 2.00 4.56 32.48 6.92 0.00 0.00

2.00 10.38 75.68 14.27 0.00 0.00

99.99 14.26 3.37 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 39.32 2.79 1.45 0.00 0.00

1.30 1.40 76.02 4.83 1.64 0.00 0.00

1.40 1.55 85.05 5.78 1.85 0.00 0.00

1.55 2.00 89.61 7.14 2.1 0.00 0.00

2.00 99.99 14.26 3.37 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 100.00 14.26 3.37 0.00 0.00

1.30 1.40 60.68 21.69 4.61 0.00 0.00

1.40 1.55 23.98 44 .15 8.86 0.00 0.00

1.56 2.00 14.95 62.46 12.02 0.00 0.00

2.00 10.39 75.62 14.26 0.00 0.00
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Seam:
Sample:
Class:

Pittsburgh No. 8
Run-of-Mine Feed

100 x 270 M

Mass (%): 1.19

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 2.77 5.49 1.64 0.00 0.00

1.30 1.40 59.04 6.85 1.63 0.00 0.00

1.40 1.55 12.49 13.40 2.15 0.00 0.00

1.55 2.00 9.72 26.61 3.29 0.00 0.00

2.00 15.98 75.62 18.70 0.00 0.00

100.00 20.54 4.53 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 2.77 5.49 1.64 0.00 0.00

1.30 1.40 61.81 6.79 1.63 0.00 0.00

1.40 1.56 74.30 7.90 1.64 0.00 0.00

1.55 2.00 84.02 10.06 1.83 0.00 0.00

2.00 100.00 20.54 4.53 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 100.00 20.54 4.53 0.00 0.00

1.30 1.40 97.23 20.97 461 0.00 0.00

1.40 1.55 38.19 42.80 9.37 0.00 0.00

1.55 2.00 25.70 57.08 12.87 0.00 0.00

2.00 15.98 75.62 18.70 0.00 0.00
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Seam:
Sample:
Class:

Pittsburgh No. 8
Run-of-Mine Feed

+10 mm

Mass (%) 56.3

individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 34.07 4.52 1.96 0.00 0.00

1.30 1.40 34.47 8.03 3.16 0.00 0.00

1.40 1.55 5.57 20.43 4.66 0.00 0.00

1.55 2.00 3.50 41.88 5.59 0.00 0.00

2.00 22.39 85.82 4.33 0.00 0.00

100.00 26.13 3.18 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 34.07 4.52 1.96 0.00 0.00

1.30 1.40 68.54 6.29 2.56 0.00 0.00

1.40 1.55 74.11 7.35 2.72 0.00 0.00

1.55 2.00 77.61 8.91 2.85 0.00 0.00

2.00 100.00 26.13 3.18 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG - (%) (%) (%) (%) (Btu/ib)

1.30 100.00 26.13 3.18 0.00 0.00

1.30 1.40 65.93 37.29 3.81 0.00 0.00

1.40 1.55 31.46 69.35 4.53 0.00 0.00

1.55 2.00 25.89 79.88 4.50 0.00 0.00

2.00 22.39 85.82 4.33 0.00 0.00
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Seam:
Sample:
Class:

Pittsburgh No. 8
Run-of-Mine Feed

+28 M

Mass (%): 91.0

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 39.34 4.01 1.78 0.00 0.00

1.30 1.40 33.88 7.74 3.00 0.00 0.00

1.40 1.55 4.83 19.73 5.15 0.00 0.00

1.55 2.00 3.30 40.23 6.61 0.00 0.00

2.00 18.64 85.53 4.89 0.00 0.00

100.00 22.42 3.10 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/Ib)

1.30 39.34 4.01 1.78 0.00 0.00

1.30 1.40 73.22 573 2.35 0.00 0.00

1.40 1.55 78.05 6.60 2.52 0.00 0.00

1.55 2.00 81.35 7.96 2.68 0.00 0.00

2.00 100.00 22.42 3.10 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 100.00 22.42 3.10 0.00 0.00

1.30 1.40 60.66 34.37 3.95 0.00 0.00

1.40 1.55 26.78 68.07 5.15 0.00 0.00

1.55 2.00 21.95 78.71 5.15 0.00 0.00

2.00 18.65 85.51 4.89 0.00 0.00
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Seam: Pittsburgh No. 8
Sample: Run-of-Mine Feed
Class: +100 M
Mass (%): 96.8
Individual
Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)
1.30 39.34 3.94 1.76 0.00 0.00
1.30 1.40 34.05 7.69 2.93 0.00 0.00
1.40 1.55 5.08 19.10 4.98 0.00 0.00
1.55 2.00 3.37 39.60 6.63 0.00 0.00
2.00 18.14 85.19 5.22 0.00 0.00
100.00 21.93 3.1 0.00 0.00
Cumulative Float
Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)
1.30 39.34 3.94 1.76 0.00 0.00
1.30 1.40 73.39 5.68 2.30 0.00 0.00
1.40 1.55 78.48 6.55 2.48 0.00 0.00
1.55 2.00 81.85 7.91 2.65 0.00 0.00
2.00 100.00 21.93 3.1 0.00 0.00
Cumulative Sink
Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)
1.30 100.00 21.93 3.1 0.00 0.00
1.30 1.40 60.66 33.60 3.99 0.00 0.00
1.40 1.55 26.61 66.77 5.35 0.00 0.00
1.55 2.00 21.52 78.03 5.44 0.00 0.00
2.00 18.15 86.17 5.21 0.00 0.00




Seam:
Sample:
Class:

Pittsburgh No. 8
Run-of-Mine Feed

+270M

Mass (%): 98.0

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 38.90 3.94 1.76 0.00 0.00

1.30 1.40 34.36 7.67 2.90 0.00 0.00

1.40 1.56 5.17 18.93 4,90 0.00 0.00

1.55 2.00 345 39.16 6.52 0.00 0.00

2.00 18.12 85.08 5.36 0.00 0.00

100.00 21.91 3.13 0.00 0.00

. Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 38.90 3.94 1.76 0.00 0.00

1.30 1.40 73.25 5.69 2.29 0.00 0.00

1.40 1.55 78.43 6.56 2.47 0.00 0.00

1.55 2.00 81.88 7.94 2.64 0.00 0.00

2.00 100.00 21.91 3.13 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/Ib)

1.30 100.00 21.91 3.13 0.00 0.00

1.30 1.40 61.10 33.36 4.00 0.00 0.00

1.40 1.56 26.75 66.35 542 0.00 0.00

1.65 2.00 21.57 77.73 5.54 0.00 0.00

2.00 18.12 85.07 5.36 0.00 0.00




Run-of-Mine Feed

Pittsburgh No. 8
50 x 10 mm

Mass (%): 56.26

Seam:
Sample:
Class:

T ¥ [ ) [ T ' | T m
1 [ [ 1 | ) l ' 1
l | ! 1 1 ) ! [ |
[ ' [ 1 ) 1 1 ) 1
1 [ 1 1 1 1 1 | 1
U N P NN O U S U R "' )
| ' [ | ' { t \ ~N
1 ! 1 1 1 | I )
) 1 1 [ i ' 1 1
\ \ ) b i \ s '
[ [ [ [ | ) 1 [
Loy oL Lo A L e
) ) [ ) ) [ | Zu\n.
) ) 1 ) ) 1 ) <
| 1 ) 1 i ) 1 £~
| | | 1 | | t | [}
) ! ! | i ! | 1 <
WU VG A U O AR 1]
[ | [ ! [ ! 1m
) [ 1 i 1 | o
l 1 1 | ) 1 =
| | ] i | | E
) [ 1 [ [ t 2
ROV VY A R S leccbectod__ {1 ©0
) | 1 ) ] 1 ﬁic
! 1 1 ) [
l 1 § 1 !
) [ [ [ l
i ) [ ! 1
PR N ! [ A RN D
i t t [ ) ) 1 [ ) | j ©
1 [ 1 ) i ) ! 1 1
) \ V \ ) \ \ ) }
1 ) [ 1 ) 1 1 ) [
1 [ [ [ [ i [ [ 1
e} u 4 . 4 " 4 . -+ o
g8 8 8 R 8 ¢ 8 8 2 °
(%) ssep eageinuung

Cumulative Sulfur (%)

47




t []
" _ T T
I \ | w
t \ ! _
I _ | |
! | | _
R i ! | _ _
u:_llu_ _ | _ _
_)rth _ _ _ ) ]
' X i _ _ _ . _
! , I T 0 | _ _ _ _ .
_ _ _ 1 : X I ) 1
| ! \ | | .qll_ _ . _
el | ! . i . _ 4::_ _ _
Be ' __ | | — . | | Jll.._ll_
.—Mwl lllll ! ) 1 ! sl | t _ | | | N
m | 1} _ | l.h\ (- -1 1 [ ! \ 1
[)] ) ' [ N ! r ! \ L A | | ! . !
h.mB i ! X oot P _ . 5 _ _ _
m-MZ } ! . ) Vo7 o e ! ) X _ll.._li_ _
Sl _ A N - PR N
bﬁm + ) I ! " K] .1|r|rh, ! " _ | " |
mnmm | | i “ | 3 ! " _(l._.lau . . “ .
Puo . i I i ! \ | m ! | | v _ _ _
R _ _ ) . | : ! ) 1 ! _|._| [
1“ ! t _lll_l ! (3] ) X . | _ _ILIIL
) | . .sup» ! vsuwl_ _ _ | _ _ _ k
o S ! X ) \ ) b _ InE , " . _ “
m..m..m/\ b o o Lo AR S
%mﬁs } " i " ' ! " “ _ " “ _ .“vl.._ln_ "
3583 ) R N RS
CM w o i ' ! ) | Foer e ) _ _ | | |
1 Y I ! ' | ! " ._...|... " | | __ _
e e | . N R |
% ~ ' - ! | _ o _ _
X L ) X | ! “ ) t " ‘._lx:_nu
- - . _ ! h I h =~
2 8 8 ¢ —— . _
- [=] - - _ _ _
(-] 2 : _ .
R 8 8 s "
o . :
. g 8 8 ¢
) SSe OA N
neijnung

Cu
mulative Sulfur (%)

48




Run-of-Mine Feed

Pittsburgh No. 8
28 x 100 M

Cumulative Ash (%)

Mass (%): 5.85

Seam:
Sample:
Class:

(7] ("2} -
(%) ssew eapenwng

0F---------

0

0

0
+-----------

(%) ssel eApejnWINYD

Cumulative Sulfur (%)

49




Y 1 1 ; T T T T ; T 0
| | | i | | ! i !
| | I | | | | | I
| ] ) | ) ) i I !
) ) t ! ! ' i l i
1 i I ) 1 ! | 1 |
Lwwboobloto oo dodoa_Jd-_
% ) I ] | ] ] 1 | ! h
. ! l ) | ) | | | )
i i t | i ! i | i
| ' | 1 ! | | ! 1 -
- ) | | i | | ) } i 2
F | | | 1 I | ) | ] =
O - F-—t—mdtm—t——domd - doA——A-=1 @™ W
- @ ' ' 1 ) ' i 1 )
< ' | 1 ' ' I | ) Qﬂv
W | ! ! ! ! l | ) i ®
! 1 1 ! | | ) i 1
w 1 | ) I ) | | | | W
o 3 t ! t ! ! ! t ! !
© - E F--r r T T--f--1--A--a---a---F & 3
8% nw | | | 1 | | | | [ m rnW
| | I ) | | ; Y
O.F ' V g T T t ' o
o) 1 ! I l i 1 ' I |
w.mw | ] I l l ! | | |
] | | ] ] ]
o= ~ ) 1 7 1 ] ) i \ o |||.||.._0|tﬂo...".|||“||.“..|r_|||_x|..,||L.1.
=
3w N 1 1 1 l 1 ) : 1 [ ' ' ' 1 1 ) ! ' )
O 9 x I | ) ! | ! | | ) | ! ! | ! 1 ) i i
mmow l ! I ) [ ' [ ' t ) 1 ) ) | ' 1 1 [
= S | ! | i ! | ) i | ! I ) I | ' | ! l
O« «~ ! | | i ! ) i | i ! ! ) | | ! i ) |
Y + } 4 s + - (=] $ 4 - s + + 4 + o
.. o © o
s £ | 88 83R 838 ¢g8 R8¢ e° 2 8 8 R 8898 8 e °
E2oan
(7]
o m a8 (%) ssew eAnelnWINY (%) ssew eApeINWINY
nNno=




Run-of-Mine Feed

Pittsburgh No. 8
+10 mm

Mass (%): 56.26

Seam:
Sample:
Class:
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Run-of-Mine Feed

Pittsburgh No. 8
+28 M

25

Cumulative Ash (%)

Mass (%): 90.96

Seam:
Sample:
Class:

(%) ssew eapejnung

(%) ssew eageinwND

Cumulative Sulfur (%)
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Pittsburgh No. 8

E
@
o
n

Run-of-Mine Feed

+100 M

Sample:
Class:

Mass (%): 96.81
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Seam:
Sample:
Class:

Pittsburgh No. 8

Crushed Middlings Only

100mmx28M
Mass (%): 4.73

individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 11.37 6.29 1.97 0.00 0.00

1.30 1.40 23.73 10.52 3.14 0.00 0.00

1.40 1.55 28.62 22.73 546 0.00 0.00

1.56 2.00 27.76 42.73 6.18 0.00 0.00

2.00 8.52 63.64 12.40 0.00 0.00

100.00 27.00 5.30 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 11.37 6.29 1.97 0.00 0.00

1.30 1.40 35.10 9.15 2.76 0.00 0.00

1.40 1.55 63.72 15.26 3.97 0.00 0.00

1.55 2.00 91.48 23.59 4,64 0.00 0.00

2.00 100.00 27.00 5.30 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 100.00 27.00 5.30 0.00 0.00

1.30 1.40 88.63 29.66 5.73 0.00 0.00

1.40 1.55 64.90 36.66 6.68 0.00 0.00

1.55 2.00 36.28 47.64 7.64 0.00 0.00

2.00 8.62 63.64 12.40 0.00 0.00




Seam:
Sample:
Class:

Pittsburgh No. 8

Crushed Middlings Only

28 x 100 M

Mass (%): 0.23

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 27.14 2.93 1.67 0.00 0.00

1.30 1.40 27.59 8.31 2.26 0.00 0.00

1.40 1.55 15.96 18.07 3.60 0.00 0.00

1.55 2.00 16.22 38.80 5.34 0.00 0.00

2.00 13.09 65.89 19.60 0.00 0.00

100.00 20.89 5.06 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 27.14 2.93 1.57 0.00 0.00

1.30 1.40 54.73 5.64 1.92 0.00 0.00

1.40 1.55 70.69 8.45 2.30 0.00 0.00

1.55 2.00 86.91 14.11 2.87 0.00 0.00

2.00 100.00 20.89 5.06 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/Ib)

1.30 100.00 20.89 5.06 0.00 0.00

1.30 1.40 72.86 27.58 6.35 0.00 0.00

1.40 1.55 45.27 39.32 8.85 0.00 0.00

1.55 2.00 29.31 50.90 11.71 0.00 0.00

2.00 13.09 65.89 19.60 0.00 0.00




Seam:
Sample:
Class:

Pittsburgh No. 8

Crushed Middlings Only

100 x 270 M

Mass (%): 0.07

Individual
Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)
1.30 2.66 4.61 1.67 0.00 0.00
1.30 1.40 31.55 6.26 1.71 0.00 0.00
1.40 1.55 29.53 15.16 2.36 0.00 0.00
1.55 2.00 21.38 37.73 3.50 0.00 0.00
2.00 14.89 70.65 22.57 0.00 0.00
100.01 25.16 5.39 0.00 0.00
Cumulative Float
Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)
1.30 2.66 4.61 1.67 0.00 0.00
1.30 1.40 34.21 6.13 1.71 0.00 0.00
1.40 1.55 63.74 10.31 2.01 0.00 0.00
1.55 2.00 86.12 17.20 2.38 0.00 0.00
2.00 100.01 25.16 5.39 0.00 0.00
_ Cumulative Sink
Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)
1.30 100.00 25.16 5.39 0.00 0.00
1.30 1.40 97.34 25.72 5.49 0.00 0.00
1.40 1.55 65.79 35.05 7.30 0.00 0.00
1.55 2.00 36.26 51.26 11.33 0.00 0.00
2.00 14.88 70.68 22.58 0.00 0.00




Seam:
Sample:
Class:

Pittsburgh No. 8

Crushed Middlings Only

+28 M

Mass (%). 4.73

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 11.37 6.29 1.97 0.00 0.00

1.30 1.40 23.73 10.52 3.14 0.00 0.00

1.40 1.55 28.62 22.73 5.46 0.00 0.00

1.55 2.00 27.76 42.73 6.18 0.00 0.00

2.00 8.52 63.64 12.40 0.00 0.00

100.00 27.00 5.30 0.00 0.00

Cumulative Float

Sink Fioat Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 11.37 6.29 1.97 0.00 0.00

1.30 1.40 35.10 9.16 2.76 0.00 0.00

1.40 1.55 63.72 15.25 397 0.00 0.00

1.55 2.00 91.48 23.59 464 0.00 0.00

2.00 100.00 27.00 5.30 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic |- Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 100.00 27.00 5.30 0.00 0.00

1.30 1.40 88.63 29.66 5.73 0.00 0.00

1.40 1.55 64.90 36.66 6.68 0.00 0.00

1.55 2.00 36.28 47.64 7.64 0.00 0.00

2.00 8.52 63.64 12.40 0.00 0.00
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Seam:
Sample:
Class:

Pittsburgh No. 8

Crushed Middlings Only

+100 M

Mass (%): 4.97

Individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 12.11 5.94 1.93 0.00 0.00

1.30 1.40 23.91 10.40 3.09 0.00 0.00

1.40 1.55 28.03 22.61 5.41 0.00 0.00

1.55 2.00 27.22 42.62 6.16 0.00 0.00

2.00 8.73 63.80 12.91 0.00 0.00

100.00 26.71 5.29 0.00 0.00

Cumulative Float

Sink Float Weight Ash Suifur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/ib)

1.30 12.11 5.94 1.93 0.00 0.00

1.30 1.40 36.02 8.90 2.70 0.00 0.00

1.40 1.55 64.056 14.90 3.89 0.00 0.00

1.55 2.00 91.27 23.17 4.56 0.00 0.00

2.00 100.00 26.71 5.29 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 100.00 26.71 5.29 0.00 0.00

1.30 1.40 87.89 29.58 5.76 0.00 0.00

1.40 1.55 63.98 36.74 6.75 0.00 0.00

1.55 2.00 35.95 47.76 7.80 0.00 0.00

2.00 8.73 63.80 12.91 0.00 0.00




Seam:
Sample:
Class:

Pittsburgh No. 8

Crushed Middlings Only

+270 M

Mass (%) 5.04

individual

Sink Float Mass Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 11.98 5.93 1.93 0.00 0.00

1.30 1.40 24.01 10.33 3.07 0.00 0.00

1.40 1.55 28.05 22.50 5.37 0.00 0.00

1.55 2.00 27.14 42.57 6.13 0.00 0.00

2.00 8.82 63.96 13.13 0.00 0.00

100.00 26.69 5.29 0.00 0.00

Cumulative Float

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 11.98 5.93 1.93 0.00 0.00

1.30 1.40 35.99 8.86 2.69 0.00 0.00

1.40 1.55 64.04 14.84 3.86 0.00 0.00

1.55 2.00 91.18 23.09 4.54 0.00 0.00

2.00 100.00 26.69 5.29 0.00 0.00

Cumulative Sink

Sink Float Weight Ash Sulfur Pyritic Heat
SG SG (%) (%) (%) (%) (Btu/lb)

1.30 100.00 26.69 5.29 0.00 0.00

1.30 1.40 88.02 29.52 5.75 0.00 0.00

1.40 1.55 64.01 36.72 6.76 0.00 0.00

1.56 2.00 35.96 47.81 7.84 0.00 0.00

2.00 8.82 63.96 13.13 0.00 0.00

60
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Crushed Middlings Only

Pittsburgh No. 8
+100 M

Mass (%): 4.97

Sample:
Class:

Seam:

[=]
T T L T T T S T 3 i ] [} t ] \ 1 \ \
! ! ! y ! ! ! ! ! I ' i | ) | ' ' )
! ! ! ! ! ! ! ! ! ) | | | ) ] ' I '
! ! ! ! ' ! ! ! ' | | I ' i | I I I
! ! ! ! ! ! ! ! ! ] ) I ) I I ! ! |
cb_obo_r__vo_v__a__a__a__1-_Jw N SO S N SR SURIR
! ! ! ! ! & ! 1 ' : ) ) ! !
! ! ! ! ! ! ! | ) : | )
! ! ! ! ! ! | | t | ! |
! ! ! ! ! ! | | I | I !
! ! ) ! ! o i i ) ! ! | i
TTtmotoodsmdemH- TR B r--r T-"T-~"7°" T
i ' ] 1 1 &~ ) ) | f |
! ! ! ! ! £ i ) | ) ! |
! ! ! ! ! ] | ! | ) | )
| 1 i ' ) < \ \ \ ) |
| LY fo-do 1ot 2 1w @ o L L b _t_ .1 1 _
! ! ! ! ! < 5 } ] ! ] ] ]
! ! ! ! ! [} t ) [ | i } 1
! ! ! ! ! ! 3 ) } ! i ! i |
! ! ! ! ! [ | | ) i | | ) i
! ! ! ! ! ! =3 t | | i ! ! I
- - Mt + 4--4+ 2 0O F - -k - m— - -t + + -t -~
! ! ! ! ! ! 4 1 1 | \ | ' 1 \ )
! ! ! ! ! ! | | | ) ! | ! ! ! !
! ! ! ! ! ! ! ) | i ) l | ) ) 1
' ! ! ! ! ! ! | ) I 1 ! | I } i
] [} 1 ] I 1 ] I ! | i 1 ( f ) i | |
i i el thadith s Sl Mt Sdhalls Balille adiadly S 2 F -~ e T T~ F~=f-~i--G-~---%
] i [} I 1B t I [} 1 y 1 1 } 1 \ 1 | 1
1 1 ] [} 1 i i I I 1 ) t § 1 | | | }
I 1 1 I [} ] [} t ] | ) | | ) | ) 1 Il
i I 1 1 ] I ] I | | t ) | ) ) | i Il
+ } 4 + it = 4 + o -+ ; - ; : ; ' ; ;
8 8 8 R 888 9 8RR - 8 882 88 988 ¢e-
o
(%) ssew eapeinwng (%) ssew eapeinwny

Cumulative Sulfur (%)

65




30

I

|

1

i

t

i

]

|

1

1

|

5

Cumulative Ash (%)

3
Cumulative Sulfur (%)

P S e E T i i -
| 1 t ! !
O I I ! i !
P | I ! } O
| ! ) i i
e m. e e + 4--d--1 @ o~ w
. = | ! ! j ) ! ! A
O“ ' i ' ' § \ \ !
2 = [ | } 1 ) 1 | | [
- = | I I ! ' ! i l
] | i | i ) | ! (
.nmul..wM afnt at St St Heads Sty Shadills St Beliniis Bl S 4 i q i . ; ; . ; ; -
= I I t i ! ! l I t
aso | | ! \ X _ i | | ) I I | | !

! ! ! i | 1 ) i | | | t
mmaﬂm ! ! ! ! ! ! ! ! ! ! ! 1 ) ! I ! ) !
26956 T S R N S N IR

T T T T T " " " w “ L 1 Il " o
‘o o (=] [=] Q (=] o o
.. Qo
e 2 MMB7GM4M21 mwmmmmwmmwo
EQ ¥ n
% m "“ “ A.\OV SSE oApjeINUIND a*v SSEW 8ApRINWNY
OO




==== APPENDIX Il =—=

Flotation Release Analysis Characterization Data
Pittsburgh No. 8 Seam
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===== APPENDIX [Il ====

Bench-Scale Heavy Media Test Data
Pittsburgh No. 8 Seam
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