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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Nether the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legd liability or respongbility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights. Reference therein to any specific
commercia product, process, or service by trade name, trademark, manufacturer, or otherwise does
not necessarily condtitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed therein do not
necessarily state or reflect those of the United States Government or any agency thereof.

Abstract

In 1997, Custom Coals International completed a DOE contract to test the Micro-Mag Process at the
continuous bench-scae at DOE's National Energy Technology Laboratory (NETL). Asafollow up to
these tests, NETL conducted two series of tests to confirm the Custom Cod's results and to expand
upon the effects of key operationd variables on cyclone performance when usng magnetite that is finer
than conventional Grade E magnetite. Thisreport detalls the results of batch tests in which the varigbles
were magnetite Sze, medium dengty, cyclone orifice sizes, and inlet pressure. The results show that
fairly sharp separations (about 0.060-0.090 Ep) can be achieved on cod as fine as 48 x 500 mesh if
magnetite that is only about twice asfine as Grade E is used a higher inlet pressures (grester than 20
ps) with the right combinetion of cyclone orifice Szes.
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| ntroduction

In the early 1990's, DOE developed afine-coal cleaning process called the Micro-Mag Process (1),
which entails the use of micronized magnetite in formulating a dense-medium for cleaning finecod ina
cyclone. This process differs from conventional dense-medium cyclone operaionsin thet the
micronized magnetite is much finer in Size consst. For example, the finest grade of conventiona
magnetite from one commercia supplier was nearly 100% <45 microns, with about 15% <5 microns,
while micronized magnetite is on the order of 200% <10 microns, with over 50% <5 microns.

At about the same time, Custom Codls International developed smilar technology and in 1993
exclusvey licensed DOE’s Micro-Mag Process as part of their effort to commercidize the technology
through DOE' s Clean Cod Technology Program. Results of severd R& D studies of various aspects of
the micronized-magnetite cycloning technology conducted by NETL'’s in-house researchers have been
extensvely documented (2-10). These studies were generdly conducted under closed-loop, batch
conditions. 1n 1995-97, as part of a DOE High Efficiency Preparation solicitation, Custom Cods
International completed a cost-shared contract with DOE to evauate and advance the micronized-
magnetite cycloning technology through the design, construction, and operation of afully integrated, 500
Ib/hr, continuous circuit a NETL’s Solids Processing Research Fecility (SPRF) in Fittsburgh, PA (11,
12).

While the Custom Cod's project demondtrated the feasibility of the technology at the continuous bench-
scale with regard to feed classfication, dense-medium cyclone separation, and magnetite recovery, it
aso recommended that additional dense-medium cyclone testing be conducted to verify some of the
findings obtained in the long-term tests, fill in some data gaps il remaining, and examine the effects of
key operationa variables on performance, particularly magnetite Sze condst. This report summarizes
the results of such afollow-up study, conducted by NETL, using a closed-loop, batch-mode circuit in
NETL’s Solids Processing Research Fecility.

Experimental Approach
Test Matrix

A total of 40 testswere run, as shown in Tables 1 and 2, of which 30 were submitted for float-sink
analysisin order to congtruct partition curves. The tests were conducted in two phases. Phase |
covered Tests 1-1 through 1-17 and focused on magnetite grade, medium dengity, and apex orifice
sze. Phasell was designed asafollow up to Phase | and covered Tests 2-1 through 2-23, focusing on
cyclone inlet pressure and cyclone geometry.

In Phasel, Tests 5, 8, and 10 were identica tests run on different days as a quaity assurance
(QA/QC) measure in order to determine the precision that could be expected for a set of cyclone
performance data. Thisis necessary in order to alow for interpretation of the data obtained by varying
certain test conditions. For test 8, three sets of samples were collected from the product streamsin a



sequentid fashion resulting in tests designated as 8A, 8B, and 8C. Thiswas done in order to determine

the degree of precision that could be expected as a result of the processing, handling, splitting, and

andyzing of the samples.

Tablel. Micronized-Magnetite Cycloning Phase| Test Matrix

OPERATING CONDITIONS
MAG FEED MEDIUM APEX INLET | PARTITION | PARTITION
+esT no. || GRADE | PRESSURE | DENSITY | ORIFICE | ORIFICE DATA DATA
G=D) (G/CC) (INCHES) | (SQIN) 48X 200M 200X 500M
1-1 K 90 1.30 0.625 0.120 X
1-2 K 90 1.40 0.625 0.120 X X
1-3 K 90 1.40 0.875 0.120 X
1-4 L 90 1.30 0.625 0.120 X
1-5 L 90 1.40 0.625 0.120 X X
1-6 L 90 1.40 1.000 0.120 X
1-7 L 90 1.40 0.875 0.120 X
1-8A L 90 1.40 0.625 0.120 X
1-8B L 90 1.40 0.625 0.120 X
1-8C L 90 1.40 0.625 0.120 X X
1-9 L 20 1.40 0.625 0.375 X X
1-10 L 90 1.40 0.625 0.120 X
1-11 M 90 1.20 0.625 0.120 X
1-12 M 90 1.30 0.625 0.120 X
1-13 M 90 1.40 0.625 0.120 X X
1-14 M 90 1.40 0.875 0.120 X
1-15 60X 90 1.30 0.625 0.120 X
1-16 60X 90 1.40 0.625 0.120 X X
1-17 60X 90 1.40 0.875 0.120 X

In Phase I, replicate tests (Tests 2, 19, 21, and 23) were run to again measure the degree of precision.
Feed Sample Preparation
The god of the feed sample preparation operation was to produce equivaent 48 x 500 mesh coa

samplesto be used as feed for the dense-medium cyclonetests. The feed samplesfor Phase | and for
Phase || were prepared at different times using different portions of the same lot of raw cod.



Table2. Micronized-Magnetite Cycloning Phase |l Test Matrix

OPERATING CONDITIONS
MAG FEED MEDIUM APEX INET | PARTITION || PARTITION
GRADE | PRESSURE || DENsTY || oRIFICE || oRIFICE DATA DATA
TEST NO. ) rcey N ancres) || (soin) 48x200M || 200x500m
21 60X 20 1.20 0.625 0.120
22 60X 50 1.20 0.625 0.120 X X
2-3 60X 90 1.20 0.120
2-4 60X 20 1.20 0.875 0.120
25 60X 50 1.20 0.120
26 60X 90 1.20 0.875 0.120
27 60X 20 1.20 0.375
2-8 60X 50 1.20 0.875 0.375 X
29 0 % 0375
2-10 60X 20 1.20 0.375 X X
2-11 60X 50 1.20 0.625 0.375 X X
2-12 60X 90 1.20 0.625 0.375 X X
2-13 60X 20 1.30 0.625 0.375 X X
2-14 60X 50 1.30 0.625 0.375 X X
2-15 60X 80 1.30 0.375 X X
2-16 60X 20 1.30 0.625 0.120
2-17 60X 50 1.30 0.120 X X
2-18 60X 80 1.30 0.625 0.120 X X
2-19 60X 50 1.20 0.120 X X
2-20 60X 20 1.20 0.625 0.120
2-21 60X 50 1.20 0.120 X X
2-22 60X 80 1.20 0.625 0.120
2.23 60X 50 1.20 0.120 X X

Figure 1 shows the block flow diagram of the Sze dassfication circuit utilized for feed sample
preparation. The feed durry to the classfication circuit was generated by first grinding air-dried raw
cod to a48-mesh top size usng a hammermill in the SPRF, followed by the addition of weter to

condtitute a 30% solids durry. This durry was then pumped to the classfication circuit. Thefeed durry

was ddivered to the north side of a double-sided fine-cod dedime screen containing a 325-mesh
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screen with sprays. The north screen oversize reported to the classifying cyclone sump, and the
undersize reported to the waste sump.  The overflow was then pumped to the two-inch diameter
dassifying cyclone. The classfying cyclone overflow (500 mesh x 0) was sent to the waste sump while
the classfying cyclone underflow was sent to the south sde of the fine-cod dedime screen containing a
100-mesh screen without sprays. This screening step essentialy was used to increase and control the
solids concentration of the find product durry. Any potential product in the south screen underflow
reported back to the classifying cyclone sump, while the screen overflow (48 mesh x 500 mesh) was
collected as feed for the dense-medium cyclone tests.

-500 mesh
2" Classifying Cyclone

+500 mesh
From Hammer
i e
~aem Fine Coal Deslime Screen Sump

100 mesh)

Overs(S)
Unders (S)

Unders (N)
Overs (N) -500 mesh

Product Collection,
48 X 500 mesh

— Classifying Cyclone Sump
Classifying Cyclone Pump

Figure 1. Flow Diagram of Classification Circuit for Feed Coal Preparation

The first 100 Ibs of the final fine-cod dedime screen overflow (48 x 500 mesh) was discarded. The
rest of the product was split into 12 drums by sequentidly placing 3-galon incrementa samples of
durry into each of the drums. At the end of each incrementa cycle of placing one sample in each of the
12 drums, two 5-gadlon and one 1-gdlon samples were taken and stored individudly. Intotd, for
Phase | testing, 12 drums (~55 |bs cod), 16 buckets (6-7 Ibs codl), and 8 cans (4-5 |bs) were
produced. The amount of collected sample was increased for the Phase 1l feed preparation. Also, the
variation in the amount of individual sample was increased for the Phase |1 samplesin order to improve
the durry preparation flexibility with respect to Phase|l. For Phase Il testing, 20 drums (~90 |bs cod),
6 drums (~45 Ibs codl), 24 buckets (4-15 Ibs cod), and 8 cans (2-3 |bs) were produced.



A number of the buckets: 1, 2 (duplicates a&b), 3, 5 (duplicates a&b), 6, 8 (duplicates a& b), and one
of the drums: 1 (duplicates a&b) from the Phase | sample preparation tests were andyzed in order to
confirm sample equivaence. The size distribution, ash content, sulfur content, caorific vaue, and pyritic
sulfur content of these samples were analyzed. The results are summarized in Tables 3 and 4 and the
results confirm that equivaent samples were produced. Samples were dso analyzed from the feed
preparation samples of Phase |1 again confirming the equivalence of sample splits.

Table 3. Characterization of Phase| Sample Preparation Product

(48 x 500 Mesh Raw Coal)

Feed % Ash % Sulfur Btu/lb % P. Sul.
Drum la 17.64 4.23 14418 2.30
Drum 1b 17.63 4.15 14467 2.31
Bucket 2a 15.27 4.02 14625 1.84
Bucket 2b 15.22 3.88 14582 1.85
Bucket 3 17.13 4.23 14251 2.04
Bucket 5a 17.26 4.23 14633 2.19
Bucket 5b 17.41 4.10 14504 1.94
Bucket 8a 16.87 4.32 14598 2.28
Bucket 8b 16.32 4.01 14474 221
Average 16.75 4.13 14506 2.11
STD 0.94 0.14 122.4 0.19

Table4. Size Disgtribution of Phase | Sample Preparation Product

(48 x 500 Mesh Raw Coal)
Size Fraction Weight %
Feed +48m 48mx 100m| 100mX 200mX 325mX -500m
200m 325m 500m

Drum-la 6.37 25.48 33.87 17.18 9.68 7.42
Drum-1b 6.06 25.39 34.36 17.10 9.38 7.71
Bucket 1 4.50 21.67 36.39 18.45 12.70 6.29
Bucket 2a 7.10 30.43 37.85 13.14 6.96 4.52
Bucket 2b 7.01 30.46 35.97 15.70 6.60 4.26
Bucket 3 6.80 24.84 32.85 18.62 9.61 7.28
Bucket 5a 8.14 25.69 35.35 15.72 8.82 6.28
Bucket 5b 7.43 24.70 36.13 16.72 8.98 6.04
Bucket 6 7.47 24.84 32.04 18.81 9.25 7.59
Bucket 8a 6.86 27.00 34.15 18.04 8.46 5.49
Bucket 8b 5.75 24.42 37.12 19.19 8.10 5.42
Average 6.68 25.90 35.10 17.15 8.96 6.21
STD 0.94 2.46 1.72 1.70 1.53 1.15

Feed Coal

The cod used for this sudy was from the Pittsburgh #3 Seam located in Belmont Co., Ohio. The cod
was prepared as described in the previous section to obtain a 48 x 500 mesh size fraction to use as



feed to the dense-medium cyclones. Andysis of a head sample showed the cod to have the size and
washability characterigtics presented in Table 5.

Table5. Cyclone Feed Coal Characteristics

Size Distribution

Cum. Cum. | Cum.

Mesh Weight] Cum. Ash Total S.| Pyr. S. Ash | Total S. |Pyr. S.
Wt.

Plus 48 6.37 6.37 19.60 3.64 1.67 19.60 3.64 1.67

48 x 100 25.48 31.85 16.06 3.82 1.98 16.77 3.78 1.92
100 x 200 33.87 65.72 13.56 3.88 1.99 15.11 3.83 1.96
200 x 325 17.18 82.90 13.42 3.88 2.18 14.76 3.84 2.00
325 x 500 9.68 92.58 15.39 4.34 2.67 14.83 3.90 2.07
Minus 500 7.42 100 52.28 5.15 4.44 17.61 3.99 2.25

48 x 200 M esh Float-sink

Cum. Cum. | Cum.
Sp. Gravity] Weight| Cum. Ash Total S.| Pyr. S. Ash | Total S. |Pyr. S.
Wt.
Fl - 1.30 44.4 44.4 2.62 245 0.13 2.62 2.45 0.13

1.30-1.40] 32.81 77.21 7.63 3.16 1.01 4.75 2.75 0.50
1.40 - 1.60 9.87 87.08 20.51 4.96 3.22 6.54 3.00 0.81
1.60 - 1.90 3.17 90.25 38.23 6.36 4.65 7.65 3.12 0.95
1.90 - 2.40 1.76 92.01 58.44 7.64 6.69 8.62 3.21 1.06
Sk - 2.40 7.99 100 81.86 10.55 10.19 14.47 3.79 1.79

200 x 500 M esh Float-sink

Cum. Cum. | Cum.
Sp. Gravity] Weight| Cum. Ash Total S. | Pyr. S. Ash | Total S. |Pyr. S.
Wt.

Fl - 1.30 44.46 44.46 2.09 2.28 0.05 2.09 2.28 0.05
1.30-1.40] 30.56 75.02 5.73 2.57 0.47 3.57 2.40 0.22
1.40 - 1.60 8.26 83.28 16.19 3.69 2.56 4.82 2.53 0.45
1.60 - 1.90 2.99 86.27 31.42 6.05 4.66 5.75 2.65 0.60
1.90-2.40 2.27 88.54 53.62 9.84 6.58 6.97 2.83 0.75
Sk - 2.40 11.46 100 79.75 15.77 15.11 15.31 4.32 2.40

M agnetite
Four grades of findy ground magnetite were used for the test program, as described below:

PennMag Grade K -- mean particle size of 10.1Fm
PennMag Grade L -- mean particle size of 7.2Fm
Pea Ridge Grade M -- mean particle Size of 2.8Fm
Pea Ridge Grade 60x -- mean particle Sze of 4.8Fm

OO OO

GradesK, L, and M were the same magnetites that were used by Custom Coals during their DOE
project that was described earlier. Grade 60X was specially obtained for this project to provide a
grade of magnetite with a Sze consst between that of grades L and M. The particle size distributions



for dl four grades, as determined by Microtrac® andysis, are shown in Table 6, dong with typicd sze
congstsfor grade B and E magnetites that are used widely throughout the cod indudtry.

Table 6. SizeDigtributions of the Test M agnetites Compared to
Commercial GradesB & E

Microtrac Grade B, GradeE, GradeK, Gradel, Grade Grade M,
Size, Fm % passing | % passing | % passing % passing 60X, % passing
% passing

44.0 100.0 100.0 100.0 100.0 100.0 100.0
31.0 84.5 98.1 100.0 100.0 100.0 100.0
22.0 69.5 91.2 98.1 100.0 100.0 100.0
16.0 57.0 73.4 86.2 95.4 98.1 100.0
11.0 39.5 54.1 63.6 82.7 93.1 100.0
7.8 28.5 26.5 38.6 63.9 85.2 100.0
5.5 16.1 13.3 19.8 43.7 72.6 95.7
3.9 9.5 5.6 8.3 25.4 56.6 86.1
2.8 4.0 3.0 2.6 11.3 33.9 55.6
1.9 0.0 1.0 0.2 3.1 13.9 23.7
14 0.0 0.0 0.0 1.0 6.3 111
0.9 0.0 0.0 0.0 0.0 1.6 31
D50 13.50 10.80 9.25 6.22 3.58 2.64

Cyclone Test Circuit and Procedures

Figure 2 shows the block flow diagram of the closed-loop, batch-mode circuit for dense-medium
cyclonetesting. A durry of measured amounts of 48 x 500 mesh cod, magnetite, and water was
prepared in an 80-gallon dense-medium cyclone feed sump to meet the desired conditions for severd
tests. Thisdurry was pumped to aKrebs 4" dense-medium cyclone. The overflow and underflow
from the cyclone were directed to a sampling box where underflow and overflow samples were
collected. The underflow and overflow streams would then combine and flow back to the fine
dense-medium cyclone feed sump.

Sampling was done via the Smultaneous collection of timed, full-stream cuts of both the cyclone
overflow and underflow product streams.  The following data were collected for both the composite
overflow and composite underflow samples and for their sze fractions of 48 x 200 mesh and 200 x
500 mesh: durry flow rates, solids flow rates, and ash content. In addition, for Phase | only, tota sulfur
and pyritic sulfur were obtained in order to gain ingght into pyrite reduction efficiency. For sdect
samples, float-sink analyses were conducted at specific gravities of 1.30, 1.40, 1.60, 1.90, and 2.40.
Due the expense of conducting float-ank analysis on such fine sze cod, the number of tests for which
digtribution curve analysis was conducted was limited. Sdlection of the tests for this analyss was based
on caculated Btu recovery/ash reduction and to highlight the effects of pecific operating conditions.

10



4" Dense-Medium Cyclone

) 4

L | Full Stream Sampler

-

.| Feed Tank

Feed Pump
Figure 2. Flow Diagram for the Closed-L oop Dense-Medium Cyclone Circuit
Performance Evaluation M ethodology

There are many different parameters one can look at in trying to draw conclusions about the effects of
certain variables on cyclone performance, depending on on€' sinterests and the relevance and
credibility of the test data. For this study it was decided to evauate the data using two performance
measures -- the Separation Efficiency Index (SEI) and Probable Error (Ep) value. Each of these
measures was determined for each of the two Size fractions used in this study -- 48 x 200 mesh and
200 x 500 mesh. 1t must be emphasized that SEI vaues are coa and SG50 specific, whereas Ep
values are equipment specific, but for the various reasons explained below, both had their advantages
for gpplication in this sudy.

The SEI is based on the quantity and qudity of the feed and products and is defined as: (Yield % x
Refuse Ash %) / Clean Coal Ash %. It isessentially ameasure of the sharpness of separation based on
the grade and recovery of the productsin relation to the feed, and it varies with location on the
washability curve, generally being the highest a the ebow of the curve. The SEI was caculated for
each test run in the study.

The Ep valueis one of many separation performance indicators that can be determined from partition
curves. The partition curves and the curve-derived performance parameters, including E- and the

11



specific gravity of separation, presented in this report were generated using laboratory float-sink data
and a Weibull-based, curve-fitting mathematica function gpplied through the Solver routine as found in
the Microsoft Excel spreadsheet software. Hand-drawn curves were not used as, very early on in the
testing, it was found that different project personnd produced significantly different probable error
vaues from the same digtribution data. In abrief study related to this project (13), Science
Applications Internationa Corporation and NETL researchers found that the curve-fitting mathematical
function technique provided for afairly accurate and, more importantly, unbiased and congstent
methodology for generating the distribution curves and the curve-derived performance parameters.

Commercid Testing and Engineering in Henderson, KY was contracted to perform the fine-size
centrifugd float-sink testing on the 4" cyclone clean-cod and refuse products. This laboratory was
sdected to perform this analytical work because it was very experienced in centrifugd float-sink testing
and was using the latest available techniques as developed by Process Technology, Inc. through a
DOE/NETL contract (14). Theraw float-sink data aong with product yields and size didtribution data
were used to produce partition data. This data was then used to generate the partition curves and
probable error and specific gravity of separation vaues by using the Welbull curve-fitting function
according to the following equation:

K = (1-ab) (U(1+2) + a

where K is the partition factor, aand b are bypass factors representing materia that bypasses
directly to the overflow or underflow, cisafunction parameter, and z = x/SG;,, where x isthe
relaive dendty and SG, is the specific gravity of separation.

In this report, the gpproach taken was to use the cod-specific Separation Efficiency Index asthe main
evauation criterion for the summary andysis, even though the equipment-specific partition curve
performance characterigtics are the preferred approach. The rationale was thét:

(2) while the partition curves generated from the data points seemed to be generdly smooth, the
inherent difficulty in performing washability analyss on cod asfine as 48 x 500 mesh cyclone feed,
particularly the 200 x 500 mesh fraction, makes for some questionable results and inconsstencies,

(2) partition curves were generated only for selected tests, and some of those ended up being unusable,
while the SEI can be applied to the entire set of tests, thereby providing a better picture of the effects of
the variables.

Thus, the results will be discussed on the basis of SEI, using the partition curve performance
characterigtics as reinforcement where possible. We recognize that the SEI has its own limitations--for
example, its optimum val ue based on the washability analysis varies with the pecific gravity of
separation somewhat. But on balance, we fed that the SEI is a good measure that is indicative of the
sharpness of separation when compared on results from asingle cod. Higher numbersindicate a
sharper separation, with an SEI of about 900 being the optimum for the 48 x 200 mesh Size fraction
according to its washability analysis, and an SEI of about 1200 being the optimum for the 200 x 500
mesh sze fraction.



Test Results

For each of the two Phases of testing, there are three tables in the Appendix that summarize the results.
Thefirst of the threg, entitled Separation Efficiency (A1 and A4), presents the results from the direct
andysis of the cyclone products for ash, sulfur, yield, Btu recovery, ash and sulfur reduction, and
includes a caculation of the Separation Efficiency Index (SEI).

The second table in the set is entitled QA/QC Results (A2 and A5) and presents the results of the
duplicate tests that were conducted to determine repeatability and to serve as a check on the test
procedures.

Thethird table in the set is entitled Partition Curve Results (A3 and A6) and isa summary of the
performance characteristics of those sdlected tests that were subjected to float-snk andyssin order to
formulate a partition curve to determine Ep and SG50.

In order to assst in analyzing the data, Tables 7 and 8 were congtructed, as shown below. These
tables show which tests can be compared on an equa basis when trying to isolate the effects of a
certain variable. They can be used with the SEI, which has been included in the tables, or any other
measurement of performance one desires such as Ep, SG50, SG offset, pyritic sulfur reduction, etc. It
may be useful to review the datain relaion to that of recent publications on the subject (15).

Information from dl of these tables was used in andyzing and reporting the following results.

Table7. Guideto Analyzing the Test

Results From Phase I--Test Numbers and Effect of Apex Size
SEls (48X200 a the top; 200x500 at the 0.625 0.875 1.000
bottom)

K 1-2 892 |1-3 836
656 666

Effect of Medium Dengty (Going Acrossthe

Table), and the Effect of Magnetite Grade - L5 (8907 f7as {16 {698

: 906 595 454
(Going Down)
60X 1-16 864 |[1-17 576
1.20 1.30 1.40 899 217
0120 |k 11 [se6 [1-2  |892
546 656 M J113 720 |14 |27s
590 228
inlet~ |L 1-4 [s11 [1-5 |89
945 906
0.625 |60x 1-15 [721 |1-16  |[s64
841 899 Duplicate Tests to Determine Repesatability
Apex M |l1-11 |227 |1-12 |s63 |1-13  |720 (Test 8 Products Were Split into 3 Sets of
612 678 590 Samples)
0120 |k 1-3  |836
666
1-5 |8o0 |1-8A |855 |1-8B [858 |1-8C |847 |1-10|763
Inlet |L v 43 906 935 909 887 929
595
0.875 |60X 1-17 576
417
Apex  |Mm 1-14  |278
228
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Table8. Guideto Analyzing the Test
Results From Phase I 1--Test Numbers
and SEl s (48x200 at the top; 200x500 at the
bottom)

Effect of Apex Sze Effect of Inlet Sze

I 0.625 | 0.875 |

0.120 |20 psi 2-1 37 2-4
171

Inlet 50 psi 2-2 269 2-5 8
680 165

90psi 2-3 91 2-6 4
109 34

0.375 |20 psi 2-10 J242 2-7 54
877 88

Inlet 50 psi 2-11 332 2-8 14

637 138
90ps |2-12 |5 [29 |7
451 121
Effect of Medium Density
1.20 1.30
0.375 |20 psi 2-10 |242 2-13  |773 1.20 |Smdl |Smdl J|2-1 |37 J2-2 |269 |2-3 |91
877 215 Inlet |Apex 171 680 109
Inlet 50 psi 2-11 |332 2-14 |784 M.D |Smdl |Large ||2-4 2-5 |8 2-6 |4
637 1193 . Inlet |Apex 165 34
80/90psi §2-12 165 2-15  ]903 Large |Large ||2-7 |54 |2-8 |14 |29 |7
451 1187 Inlet |Apex 88 138 121
0.120 |20 psi 21 |37 2-16 |573 Large |Small ||2-10 |242 |2-11 |332 |2-12 |165
171 390 Inlet |Apex 877 637 451
Inlet 50 psi 2-2 |269 2-17  |757 1.30 |Large |Smdl ||2-13 |773 |2-14 |784 |2-15 |903
680 681 Inlet |Apex 215 119 1187
3
80/90psi §2-3 |91 2-18 1826
109 1068 M.D |Smdl |Smdl ||2-16 |573 |2-17 |757 |2-18 |826
Inlet |Apex 390 681 1068

Duplicate Tedts to Determine Repesatability

60X, 50psi,||2-2 J269 |2-19 |386)2-21 |[404 |2-23 |367
1.20MD, 680 714 453 536
.625 apex,
.120 inlet
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Phase | Performance Evaluation

The data generated from the Phase | testing produced the following results:

Effect of Magnetite Grade

D

2

For both sze fractions, for agiven set of operating conditions, the Grade M magnetite dmost
aways produced the worst separations in terms of the SEI and Ep. The Grade M tests a
medium dengities of 1.30 and 1.40 were marked by avisuadly evident increase in durry
viscosity, that likely inhibited the efficiency of the separation. However, the separation achieved
using the Grade M magnetite at alower medium density of 1.20 was nearly comparable to that
achieved using the Grade L and 60X magnetites.

For both size fractions, a both a 1.30 and 1.40 medium density, the Grade L and 60X
magnetites produced the best results in terms of the calculated separation efficiency, probable
error, and SG50 values when using the 0.625 inch gpex. However, Grade K produced similar
results for the 48 x 200 mesh fraction a a 1.40 medium dengty in terms of separation efficiency
for both the 0.625 and 0.875 inch apexes.

Effect of Apex Size

@

@)

For both size fractions, for this cod and for a given grade of magnetite, the use of the smaler
0.625 agpex diameter dmost dways produced the lowest probable error vaues and the highest
separation efficiency indices (SEI). The exception was Grade K magnetite, which showed little
effect with changing apex sze. This effect increased as magnetite fineness increased.

As expected, the larger 0.875 gpex resulted in lower SG50s at the expense of higher Eps.

Test Repeatability

@

The three replicate tests (1-5, 1-8, and 1-10), aswdl asthe triplicate sampling within asngle
test (1-8 A, B, and C), indicate excellent repeatability in terms of setting test conditions,
sampling protocols, and anaytical techniques. Obtaining smilar conditions and results among
independent batch cyclone tests where each test is run with a separate charge of coa and
magnetite for ardatively short timeis very difficult. For the 200 x 500 mesh fraction, SG50s
varied from 1.95 to 2.04, and Eps varied from 0.129 to 0.158. Separation efficiency indices
for both sze fractions were dso very smilar.

Phase | Performance Summary

@

At the congtant conditions of 90 pd inlet pressure with a 0.120 inch inlet, the best results for the
48 x 200 mesh fraction were obtained using the smallest gpex diameter (0.625) at a medium
density of 1.30 or 1.40. For testsrun at these conditions, the Grade K, L, and 60X magnetites
al produced roughly the same qudity of separation efficiency with the better tests achieving ash
reductions of 40-50% at greater than 95% Btu recovery.

15
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Also for the 48 x 200 mesh size fraction, from the partition curve anayses completed, Test 1-
16 with Grade 60X magnetite, a 0.625 apex, at a medium dengity of 1.40 produced the lowest
Ep value at 0.061 with a SG50 of 1.64.

At the congtant conditions of 90 pd inlet pressure with a0.120 inch inlet, for the 200 x 500
mesh sze fraction, the best resultsin terms of separation efficiency and Ep were tests 1-4, 1-5,
1-15, and 1-16, run using the 0.625 apex at a 1.30 or 1.40 medium density, and Grades L or
60X magnetites. Probable error values ranged from 0.129 to 0.168 with D50s from 1.73 to
2.03. The Grade K magnetite produced comparable probable errors of 0.155 to 0.160, but at
high D50s of about 2.25.

At the best conditions referenced above, pyritic sulfur reduction was excdlent. For example, in
test 1-4 for the 48 x 200 mesh sze fraction, the pyritic sulfur was reduced from 1.78% to
0.71%, a 60% reduction at a 94% Btu recovery. For the 200 x 500 mesh size fraction, the
pyritic sulfur was reduced from 2.18% to 0.57%, a 74% reduction at a 95% Btu recovery.

Phase Il Performance Evaluation

The data generated from the Phase |1 testing produced the following results:

Effect of Apex Size

@

Asshown in Phase |, for this cod and for a given set of operating conditions, the smaller gpex
opening aways produced significantly higher SEI values than the larger apex opening for both
gzefractions. Partition curve data was not available from any of the large gpex tests, so no
comparisons for Ep could be made.

Effect of Inlet Size

@

2

©)

For agiven operating pressure, the larger inlet (0.375) generdly produced only dightly higher
SEI vauesthan the smdler inlet (0.120) for the 48 x 200 mesh size fraction. However, for the
200 x 500 mesh sze fraction, this improvement was more pronounced at certain inlet pressures,
depending on the medium dengty.

For the 48 x 200 mesh sze fraction, comparable Ep vaues were achieved for ether inlet Sze
with Ep vaues ranging from 0.034 to 0.064 across the entire scope of operating conditions
tested. Also, there was no apparent effect on SG50.

For the 200 x 500 mesh size fraction, gpproximately equal Ep vaues of 0.118 and 0.135 were
generated for the large and small inlet openings, respectively, as wdl asfairly equa SG50s of
1.69 and 1.74, respectively.

16



Effect of Medium Density

N

@)

3

For the 48 x 200 mesh size fraction, any test run at a medium dengity of 1.30 produced a higher
SEl vaue than any test run using amedium density of 1.20. For the 1.30 medium dengity tedts,
the SEls ranged from approximately 570 to 900 compared to arange of 40 to 330 for the 1.20
density tests. Asmentioned earlier, thisis partidly due to the lower SG50s from the 1.20
medium, producing inherently lower SEI vaues.

For the 200 x 500 mesh fraction, for a given set of operating conditions, the 1.30 medium
produced a higher SEI vaue than the 1.20 medium for most of thetests. Only when using the
largeinlet and a 20-ps inlet pressure did the 1.20 medium density produce a significantly better
separation, probably because the less severe conditions alowed for better stability of the more
dilute medium.

Medium densty had little discernable impact on Ep or SG50 vaues for ether size fraction.

Effect of Cyclone Geometry and Inlet Pressure

N

2

3

(4)

Q)

For both size fractions, the large inlet/smal apex cyclone configuration generdly produced
higher SEI vaues compared to any of the other three configurations tested. However, in four
cases the SEI vaue for the smal inlet/smal gpex combination, at either a50- or 90-pd inlet
pressure, approached (but never quite equaled) the SEI va ue obtained with the large inlet/small
apex. Asdiscussed earlier, tests with the large apex were generdly inferior.

For the 200 x 500 mesh size fraction, the three highest SEI values were produced using a 1.30
medium dengity at either a50- or 90-ps inlet pressure. Thisis Smilar to the 48 x 200 mesh
gze fraction where the two best runs were produced at a 90-ps inlet pressure usng a 1.30
medium dengity.

For the 200 x 500 mesh size fraction, the only test condition (2-10) under which 20-ps inlet
pressure produced a higher or comparable SEI vaue than either the 50- or 90-psi inlet
pressure was the one using the large inlet/small gpex combination and a 1.20 medium dengity.
Thiswas discussed in number 2 in the above section on medium density.

Little difference was found in Ep values for the 48 x 200 mesh Size fraction, with Eps ranging
from 0.034 to 0.064. Inlet pressure had little effect on SG50s.

For the 200 x 500 mesh size fraction, the tests run at a 1.20 medium dengity using the large
inlet/smal gpex configuration produced essentidly the same Ep vaues no matter whet the inlet
pressure. However, for the tests run at a 1.30 medium density, Ep vaues for the 200 x 500
mesh size fraction increased significantly as inlet pressure was decreased from 90 psi to 50 ps
to 20 ps. SG50sincreased only dightly with increasing inlet pressure.
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Test Repeatability

N

Repestability, asindicated by Tests 2-2, 2-19, 2-21, and 2-23, was fairly good for both size
fractionsin terms of Ep, SG50, and SEl, but the results showed more scatter than in Phasel.
One exception was the Ep for 2-21 which was unusually high, probably due to experimentd
error.

Phasell Performance Summary

@)

2

@

2

3

(4)

©)

The best resultsin Phase | for the 48 x 200 mesh size fraction were those tests run with a 1.30
medium density, usng asmdl or largeinlet, small apex, at either 20, 50 or 90 ps inlet pressure
(2-13, 2-14, 2-15, 2-16, 2-17, 2-18). Eps were between 0.034 and 0.051 with SG50s
between 1.47 and 1.53. Similar tests at a 1.20 medium density were dmost as good, but with
lower SG50s (1.33 to 1.34) and thus, lower SEls.

The best resultsin Phase |1 for the 200 x 500 mesh sze fraction were those tests run with a

1.30 medium dengity, using alarge inlet and small gpex, at either 50 or 90 psi inlet pressure (2-
14, 2-15), based on SEI and Ep.

Conclusions

The results confirmed those found by Custom Coals during their pilot plant study in thet the
Grade M magnetite is too fine and does not provide for separations as sharp asthe other
coarser grades of magnetite. This appears to be due to the high viscosties created by the
ultrafine magnetite particles, particularly for medium dengties 1.30 and grester.

Phase | testing resulted in the conclusion that any of the three coarser grades of magnetite (K,
L, 60X) would be quite suitable for making very good separations in the 48 x 200 mesh size
range.

Phase | testing results dso showed that Grades L and 60X magnetites produced better
separations on the 200 x 500 mesh size fraction than the Grade K magnetite,

Both phases of testing confirmed that the best operating conditions for this cod and for these
SGH0s include the use of the 0.625 apex diameter as opposed to the larger ones. Phase Il
testing results further showed that the large inlet/small gpex cyclone configuration produced the
best separations. The choice of orifices in any Stuation is somewhat dependent on the reject
yied.

Phase |1 testing results showed that when using the 60X magnetite, the tests with the higher 50-
and 90-ps inlet pressures consstently produced superior separations to those at 20 psi.
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Phase |1 testing results showed that varying the medium density from 1.20 to 1.30 when using
the 60X magnetite did not produce any discernable impact on probable error for either Sze
fraction.

Based on both phases of testing, the optimum set of operating conditionsincludes a Grade L or
60X magnetite, an inlet feed pressure of greater than 20 ps (possibly as high as 50-90 ps), and
acyclone configuration conggting of alarge diameter inlet and asmdl apex orifice (in this case,
for afour-inch diameter cyclone, a0.375 in? inlet and a 0.625-inch diameter apex orifice
worked best). Under these conditions, excellent separations can be achieved, with probable
errors in the gpproximate range of 0.035 to 0.050 for the 48 x 200 mesh size fraction, and in
the approximate range of 0.120 to 0.140 for the 200 x 500 mesh size fraction.

Finally, the results reaffirm that sharp separations can be made on finer cod, such as 48 x 500
mesh, then is conventiondly cleaned by using a*semi-micronized” magnetite thet is much finer
than conventional magnetite, but is not completely in the 0-5 micron range. For example,
conventional Grade B & E magnetites may have a D50 particle Size of 11 to 14 microns, and
are used to clean cod size fractions from 1 or 1/2 inches top Size down to 28 or 100 mesh,
with overal Eps probably in the range of 0.020 to 0.060, depending on size consst and
operating conditions.

However, in this study and the Custom Codls pilot plant study referenced, it was shown thet a
ggnificantly finer 48 by 500 mesh feed cod could be cleaned usng magnetite with a D50
particle size of 4 to 9 microns (roughly hdf the size of conventiona magnetite) with overal Eps
in the range of 0.060 to 0.090. In addition, excellent pyritic sulfur reduction was achieved even
down to 500 mesh. It isaso important to note that the Custom Coals study demonstrated that
magnetite in this Sze range could be easily recovered with conventiond magnetic separator
crcuits.
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TableAl. PHASE | TEST RESULTS-- Separation Efficiency

Appendix

p0X,.12,1.30,.625,90

TEST NO. SIZE, YIELD,% JFEED ASHJ PROD. REFUSE FEED PROD. REFUSE FEED PROD. REFUSE BTU ASHRED.,] TOT. S. PYR. S. |SEP. EFF
and MESH % ASH, % ASH, % SULFUR, [TSULFUR, [TSULFUR, PSULFUR,|PSULFUR, |PSULFUR, RECOV.,% % RED., % | RED., % INDEX
CONDITIONS % % % % % %
1-1 48 X 200 87.26 12.37 7.28 47.26 3.56 3.06 6.98 1.51 0.89 5.77 92.33 41.16 14.03 41.13 566
,.12,1.30,.625,90f 200 X500 86.76 11.91 7.00 44.05 3.21 2.85 5.54 1.31 0.76 4.94 91.59 41.20 11.11 42.14 546
1-2 48 X 200 92.23 12.62 7.54 72.90 3.69 3.11 10.52 1.68 0.98 9.94 97.59 40.25 15.62 41.53 892
,.12,1.40,.625, 90§ 200 X 500 90.74 12.61 8.00 57.80 3.19 3.01 4.92 1.20 0.85 4.67 95.53 36.57 5.55 29.39 656
1-3 48 X 200 93.04 10.21 6.56 58.97 3.27 2.87 8.66 1.39 0.87 8.40 96.82 35.74 12.31 37.59 836
,.12,1.40,.875,90f 200 X 500 88.35 10.60 6.02 45.35 3.61 2.65 10.87 1.74 0.64 10.12 92.88 43.22 26.54 63.31 666
1-4 48 X 200 88.02 11.82 5.96 54.91 3.69 2.81 10.17 1.78 0.71 9.67 93.87 49.59 23.88 60.19 811
[,.12,1.30,.625,90§ 200 X 500 89.40 11.20 5.56 58.80 4.09 2.63 16.41 2.18 0.57 15.79 95.08 50.37 35.71 73.89 945
1-5 48 X 200 91.90 11.60 6.81 65.93 3.73 2.97 12.38 1.56 0.78 10.36 96.88 41.29 20.42 49.87 890
[,.12,1.40,.625,90] 200 X 500 90.80 11.00 6.02 60.10 3.93 2.69 16.16 1.92 0.55 15.48 95.88 45.25 31.54 71.41 906
1-6 48 X 200 84.17 12.63 5.86 48.62 3.74 2.79 8.76 2.30 0.78 10.36 90.69 53.60 25.30 66.04 698
|,.12,1.40,1.00,90f 200 X 500 74.48 11.48 4.99 30.44 4.03 2.54 8.36 4.36 0.55 15.48 79.95 56.55 36.90 87.39 454
1-7 48 X 200 84.67 13.74 6.27 55.03 3.74 2.88 8.52 2.05 0.78 9.05 92.01 54.38 23.09 61.91 743
|,.12,1.40,.875,90 200 X 500 77.55 13.41 5.37 41.18 4.33 2.60 10.31 2.45 0.53 9.09 84.75 59.95 39.97 78.38 595
1-8A 48 X 200 88.65 13.87 7.00 67.51 4.03 3.02 11.92 2.04 0.88 11.08 95.72 49.52 25.06 56.81 855
|,.12,1.40,.625,90f 200 X 500 89.93 11.83 6.05 62.87 4.13 2.73 16.50 2.23 0.64 16.27 95.72 48.85 33.90 71.29 935
1-8B 48 X 200 91.90 11.89 7.10 66.25 3.68 2.99 11.48 1.65 0.85 10.73 96.90 40.29 18.70 48.49 858
|,.12,1.40,.625,90f 200 X 500 91.91 10.78 6.27 62.04 3.86 2.74 16.63 1.89 0.67 15.77 96.56 41.85 29.08 64.58 909
1-8C 48 X 200 89.72 13.22 7.08 66.82 3.85 2.93 11.87 1.86 0.85 10.68 96.07 46.45 23.88 54.31 847
|,.12,1.40,.625,90§ 200 X 500 89.51 12.19 6.30 62.42 4.24 2.75 16.96 2.25 0.63 16.11 95.51 48.31 35.15 72.05 887
1-9 48 X 200 88.45 12.86 6.64 60.51 3.83 2.89 11.02 1.80 0.78 9.63 94.77 48.37 24.52 56.72 806
[, .375, ;..040, .625, ] 200 X 500 87.43 11.66 6.25 49.28 4.18 2.84 13.49 2.19 0.71 12.50 92.78 46.39 32.04 67.61 689
1-10 48 X 200 89.96 13.39 7.65 64.86 3.54 2.79 10.24 1.88 1.09 9.00 95.93 42.88 21.14 42.15 763
|,.12,1.40,.625,90f 200 X 500 89.93 11.77 6.07 62.71 4.04 2.55 17.37 2.42 1.02 14.94 95.74 48.44 36.92 57.88 929
1-11 48 X 200 41.90 14.18 3.97 21.54 3.71 2.50 4.58 1.98 0.73 2.89 46.88 72.00 32.59 63.22 227
M, .12, 1620, .625, 1 200 X 500 78.08 11.67 4.67 36.61 4.07 2.34 10.22 2.33 0.71 8.08 84.27 59.99 42.47 69.47 612
9
1-12 48 X 200 80.66 11.64 5.40 37.66 3.41 2.58 6.87 1.77 0.91 5.38 86.36 53.60 24.33 48.72 563
I, .12, 3630, .625, 1 200 X 500 85.59 10.98 5.50 43.56 3.71 2.37 11.68 2.27 0.91 10.32 90.86 49.93 36.15 59.84 678
1-13 48 X 200 86.67 13.44 6.81 56.55 3.63 2.82 8.91 3.35 2.77 7.13 93.31 49.33 22.35 17.34 720
M, .12, sZ)I.(.)4O, .625, § 200 X 500 87.24 11.55 6.66 45.01 2.24 0.67 13.00 1.93 0.68 10.46 92.07 42.35 70.13 64.73 590
1-14 48 X 200 72.32 10.50 5.87 22.58 3.46 2.84 5.07 1.43 0.70 3.34 76.06 44.07 17.85 51.07 278
M, .12, 1.40, .875, ] 200 X 500 65.64 11.73 6.34 22.03 4.20 2.86 6.77 2.24 0.69 5.21 69.65 45.96 31.96 69.24 228
90

1-15 48 X 200 81.71 12.91 5.31 46.84 3.47 2.69 6.97 1.59 0.52 6.37 88.84 58.86 22.54 67.29 721
200 X 500 78.47 12.56 5.62 60.20 3.83 2.55 8.48 2.01 0.45 7.71 93.49 55.27 33.36 77.65 841




TEST NO.
and
CONDITIONS

1-16

SIZE,
MESH

48 X 200

YIELD, %

ASH, %

REFUSE
ASH, %

,

PROD.
T SULFUR,

BTU
ECOV.,%

ASHRED.,
%

200 X 500 82.15 11.69 6.62 72.46 2.75 5.16 1.37 0.60 4.92 95.52 43.37 13.53 899
p0X,.12,1.40,.625,90
1-17 48 X 200 76.93 13.46 5.39 40.39 3.75 2.77 7.02 1.73 0.54 5.68 84.11 59.97 26.14 68.71 576
60X,.12,1.40, 200 X 500 65.90 12.99 6.93 43.86 3.13 2.52 4.32 1.50 0.40 3.64 77.54 46.65 19.59 73.42 417
.875,90



(GRADE L, 0.12 SQ IN INLET, 0.625" APEX, 1.40 MED DENSITY, & 90 PSI INLET PRESSURE)

Table A2, PHASE | QA/QC RESULTS

CYCLONE PERFORMANCE RESULTS

48 X 200 MESH FRACTION

200 X 500 MESH FRACTION

TEST
NO. WEIGHT CLEAN REFUSE SEPARATION || WEIGHT CLEAN REFUSE SEPARATION
YIELD COAL ASH Ep SG50 | EFFICIENCY YIELD COAL ASH Ep | SG50 | EFFICIENCY
(%) ASH (%) INDEX (%) ASH (%) INDEX
(%) (%)

1-5 91.90 6.81 65.93 0.087 | 1.82 890 90.80 6.02 60.10 0.129 | 2.03 906

1-8A 88.65 7.00 67.51 855 89.83 6.05 62.87 0.144 | 1.96 933

1-8B 91.90 7.10 66.25 858 91.91 6.27 62.04 0.158 | 2.04 909

1-8C 89.72 7.08 66.82 0.083 | 1.75 847 89.51 6.30 62.42 0.152 | 1.98 887

1-10 89.96 7.65 64.86 763 89.93 6.07 62.71 0.133 | 1.95 929

AVG 90.43 7.13 66.27 0.085 | 1.79 841 90.40 6.14 62.03 0.143 | 1.99 913

ST DEV 1.46 0.31 0.99 0.003 | 0.05 47 0.97 0.13 1.12 0.012 | 0.04 19
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TableA3. PHASE | PARTITION CURVE RESULTS
OPERATING CONDITIONS CYCLONE PERFORMANCE
TEST
NO. FEED MEDIUM APEX 48 X 200 200 X 500
MAGNETITE INLET | PRESSURE | DENSITY ORIFICE MESH MESH
GRADE (SQ IN) (PSI) (GICC) (INCHES)

Ep | sGs0 ep | ses

0
1-1 K 0.12 90 1.30 0.625 0.155 | 2.24
1-2 K 0.12 90 1.40 0.625 0.160 | 2.25
1-3 K 0.12 90 1.40 0.875 0.210 | 1.96
1-4 L 0.12 90 1.30 0.625 0.134 | 2.03
1-5 L 0.12 90 1.40 0.625 0087 | 182 | 0129 | 2.03
1-6 L 0.12 90 1.40 1.00 0177 | 1.63
1-7 L 0.12 90 1.40 0.875 0225 | 1.72
1-8A L 0.12 90 1.40 0.625 0.144 | 1.96
1-8B L 0.12 90 1.40 0.625 0.158 | 2.04
1-8C L 0.12 90 1.40 0.625 0083 | 175 | 0152 | 1.98
1-9 L 0.375 20 1.40 0.625 0094 | 170 | 0259 | 2.01
1-10 L 0.12 90 1.40 0.625 0133 | 1.95
1-11 M 0.12 90 1.20 0.625 0152 | 1.62
1-12 M 0.12 90 1.30 0.625 0.220 | 1.76
1-13 M 0.12 90 1.40 0.625 0107 | 166 | 0.237 | 2.06
1-14 M 0.12 90 1.40 0.875 0.346 | 1.63
1-15 60X 0.12 90 1.30 0.625 0131 | 1.73
1-16 60X 0.12 90 1.40 0.625 0061 | 164 | 0168 | 1.97
1-17 60X 0.12 90 1.40 0.875 0.139 | 1.60




Table A4. PHASE || TEST RESULTS -- Separation Efficiency
|| OPERATING CONDITIONS CYCLONE PERFORMANCE RESULTS
48 X 200 MESH FRACTION 200 X 500 MESH FRACTION
MAGNETITE | INLET MEDIUM CYCLONEAPEX  J| CYCLONE INLET
oy GRADE (SQIN) Dé’)‘ggY D('lﬁ,'\é,ﬂgR PR(EF?S; RE W CLEAN COAL | REFUSEASH R I CLEAN COAL CE:TC B —
: YIELD (%) ASH (%) ) YIELD (%) ASH (%) ASH (%)

21 60 0.120 120 0625 20 42.10 1360 1192 a7 76.48 1076 2401 1
22 60X 0.120 120 0625 50 40,03 364 245 269 759 546 4888 680
23 60x 0.120 120 0625 9 4153 538 1185 91 65.27 8.00 1355 109
25 60 0.120 120 0.875 50 5.10 1269 2034 8 5492 1186 3553 165
26 60x 0.120 120 0.875 9 232 952 1456 4 30.24 1905 2149 7
27 60 0375 120 0.875 20 1225 358 1589 54 43.19 828 1679 88
28 60X 0375 120 0.875 50 402 437 14.70 1 36.92 469 1756 138
29 60 0375 120 0.875 90 421 838 1358 7 36.23 404 1346 121
210 60 0375 120 0.625 20 45.18 391 2091 242 6263 439 6146 877
211 60X 0375 120 0.625 50 5507 4.28 2578 332 85.87 553 4102 637
212 60 0375 120 0625 9 57.66 6.43 1840 165 86.62 723 3765 451
213 60 0375 130 0625 20 838 493 45.49 773 780 1571 43.40 215
214 60X 0375 130 0625 50 854 550 5051 784 898 448 5952 1193
215 60x 0375 130 0625 80 887 541 55.08 903 918 466 60.24 1187
216 60 0.120 130 0.625 20 77 496 3655 573 747 464 2421 390
217 60x 0.120 130 0625 50 86.9 532 46.33 757 89.9 579 43.84 681
218 60 0.120 130 0625 80 830 534 50.10 826 920 447 5187 1068
219 60 0.120 120 0.625 50 582 360 2388 386 822 433 3761 74
2-20 60 0.120 120 0.625 20 437 393 1684 187 734 502 2834 414
221 60 0.120 120 0.625 50 632 358 2286 404 847 739 3953 453
222 60X 0.120 120 0.625 80 683 389 2501 439 86.9 569 5081 776
2-23 60 0.120 120 0.625 50 616 3.89 2320 367 823 558 36.36 536
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Table AS. PHASE Il QA/QC RESULTS

(GRADE 60x, 0.12 SQ IN INLET, 0.625" APEX, 1.20 MED DENSITY, & 50 PSI INLET PRESSURE)

CYCLONE PERFORMANCE RESULTS

48 X 200 MESH FRACTION

200 X 500 MESH FRACTION

TEST

NO. WEIGHT CLEAN REFUSE WEIGHT | CLEAN | REFUSE

YIELD COAL ASH Ep | sGs0 SEI YIELD COAL ASH Ep | sGso SEI
(%) ASH (%) (%) ASH (%)
(%) (%)

2-2 40.0 3.64 24.50 0.064 | 1.33 269 75.93 5.46 48.88 NA | 1.64 680
2-19 58.2 3.60 23.88 0.050 | 1.37 386 82.2 4.33 37.61 0.166 | 1.61 714
2-21 63.2 3.58 22.86 0.042 | 1.36 404 84.7 7.39 39.53 0.214 | 1.60 453
2-23 61.6 3.89 23.20 0.038 | 1.36 367 82.3 5.58 36.36 0.162 | 1.60 536
AVG 55.8 3.68 23.61 0.049 | 1.36 356 81.3 5.69 40.60 0.181 | 1.61 596

ST DEV 10.7 0.14 0.73 0.011 | 0.02 60 3.8 1.27 5.68 0.029 | 0.02 123
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Table A6. PHASE |1 PARTITION CURVE RESULTS

OPERATING CONDITIONS

CYCLONE PERFORMANCE

TEST

NO. FEED MEDIUM APEX 48 X 200 200 X 500

MAGNETITE INLET | PRESSURE | DENSITY ORIFICE MESH MESH
GRADE (SQ IN) (PS) (G/CC) (INCHES)

Ep | SG50 Ep SG5

0
2-2 60X 0.120 50 1.20 0.625 0.064 | 1.33 NA 1.64
2-8 60X 0.375 50 1.20 0.875 NA NA NA 1.41
2-10 60X 0.375 20 1.20 0.625 0061 | 133 J 0132 | 150
2-11 60X 0.375 50 1.20 0.625 0.047 | 134 | 0.136 | 1.64
2-12 60X 0.375 90 1.20 0.625 0051 | 1.34 | 0142 | 1.64
2-13 60X 0.375 20 1.30 0.625 0.034 | 1.47 NA 1.53
2-14 60X 0.375 50 1.30 0.625 0.043 | 150 | 0.161 | 1.64
2-15 60X 0.375 80 1.30 0.625 0051 | 153 | 0.118 | 1.69
2-17 60X 0.120 50 1.30 0.625 0.044 | 1.50 NA 1.70
2-18 60X 0.120 80 1.30 0.625 0.049 | 152 |} 0135 | 1.74
2-19 60X 0.120 50 1.20 0.625 0.050 | 1.37 | 0.166 | 1.61
2-21 60X 0.120 50 1.20 0.625 0042 | 136 | 0.214 | 1.60
2-23 60X 0.120 50 1.20 0.625 0038 | 1.36 | 0.162 | 1.60
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