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ABSTRACT

This paper presents results of earlier laboratory scale (200 Ib/hr) dry magnetic separation
tests of an Adaville series bituminous/sub- bituminous rank coa from southwestern

Wyoming. A two stage ParaMagO dry magnetic separator was employed. The first stageis
abdt magnetic separator suitable for separation of strongly magnetic mineras which
contribute predominantly to the ashin cod. The second stage is an open gradient, free flow
ParaTrapO separator capable of separating very weskly magnetic minerals, such asiron
pyrites, which contribute to the sulfur and trace metals such as mercury and arsenic in some
cods. Theraw cod isdiamagnetic. It hasfeebly paramagnetic minerd inclusons. The first
stage belt separator was ineffective in mineral separation for thiscod. The results presented
here were achieved in two passes through the second stage ParaTrap™ separator.
Reductions of ash of 28%, pyritic sulfur of 78%, arsenic of 31%, and mercury of 72% ona
pounds per million Btu basis were achieved with Btu recoveries of 95% for thiscod. The
clean coal product had a sulfur content of 1.17 LbSO,/MBtu. A practica method of
achieving these levels of performance in which the separators are retrofitted to treet the
internal circulation of a pulverizer at the coal-fired power plant (the MagMillO ) will be
described. Very effective separations can be achieved because of the synergism between the
pulverizer and the dry magnetic separator.

INTRODUCTION

In the last 30 to 40 years grest strides have been made in developing innovative magnetic
separation technology. This has resulted from advances in materids and in the understanding
of the nature of magnetic forces. The timeis now for wide ranging applications of magnetic
Separation to processing industrid minerdsinduding cod.

Conventiona wet technologies now used in cleaning Eastern US bituminous rank cods are
based on gravimetric and surface methods because, at least in part, of their effectiveness and
because wet methods are used in large scale underground mining. Water-based cleaning,
however, is Hf limiting because of the very broad sze digtribution in which contaminants
occur in cod and because of the high cost of dewatering fine cod which must be cleaned and
recovered to achieve an economica heat recovery. Dry methods, which reached their
maximum usage in cleaning cod in the mid 1960's, are now being reconsdered for
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gpplication to both Eastern and arid Western US codl s because of their smplicity and low
cost. New amongst the dry cleaning technologiesis magnetic separation which has been
dow to achieve acceptance because of the common misperception that it isrestricted to
handling strongly, i.e., ferromagnetic, materids. However, it is now possible to separate
magnetic minerds from cod which are five or more orders of magnitude less magnetic than
iron, such asiron pyrite and dumino-Slicate minerds which have surface gains of iron
deposited by ground water percolation. This paper will illustrate use of very powerful dry
magnetic separdation technology employing eectromagnets to remove ash forming minerds,
sulfur, and trace metas from an Adaville Series A Seam sample from Fittsourg & Midway's
Kemmerer mine in Southwestern Wyoming. A separate paper in this symposum will
illugtrate the use of belt-type magnetic separators for recovery of carbon vauesin dry
deaning of lignite*

DRY MAGNETIC SEPARATION

Figure 1 is a photograph of EXPORTech Company’s (ETCi)
pilot scale two stage ParaMagO magnetic separator. Coal
dependent, this unit is cgpable of processing nomindly one
ton-per-hour (TPH) of minus 8 mesh topsize Eastern US
bituminous rank cod. The unit consumes 10-12 kW-Hr/T.
Thefirgt stage (patent pending), which can be operated aone,
is a one foot wide belt magnetic separator employing rare earth
permanent magnets. It consumes 1-2 KW-Hr/T and produces a
surface magnetic force which is about 40 times the weight of a
particle whose magnetism is 1 part in 2300 of that of iron. The
n first sage is usad to scdp strongly magnetic minerds
Figure1. ParaMagO Separator.  from the feed to the second stage which is atransverse
access free-fal eectromagnet separator [US Patent
5,017,283 (May 21, 1991)] The second stage deflects feebly diamagnetic cod particles out
of thefdling stream of cod and collects them separately from the refuse fraction. Itis
cgpable of separating 75 micron liberated iron pyrite from minus 8 mesh cod at the rate of
nomindly one TPH.

RAW COAL CHARACTERISTICS

The cod employed in the work reported here is an Adaville Series cod whoserank is
between bituminous and sub-bituminous. 1t was taken from the A seam at the Pittsburg &
Midway Kemmerer mine in Southwestern Wyoming. The characterigtics of the raw,
untrested coa arelisted in Tablel.
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Tablel. Characterigtics of the raw, untreated codl.

Ultimate Analysis Proximate Analysis Ash Fusion Temperatures
Substance Wt.% dry Substance | Wt.% dry °F
Carbon 68.87 Ash 6.22 Initial Deformation 1918
Hydrogen 458 Voldile 50.97 [Softening 2064
Nitrogen 1.49 Fixed Carbon 4281 |Hemispherica 2140
Sulfur 1.33 Fusion 2276
Ash 6.22
Oxygen (diff) 1752

Forms of Sulfur Other Analyses
Sulfur W1t.% dry|Heat Content (dry) | 11,925 Btu/Lb
Total 133 HGI 53
Pyritic 0.62 [Chlorine 0.01 Wt.% dry
Sulfatic 0.03 |LbSO,/MBtu 2.23
Organic (diff) 0.68

Mineral Ash Analysis Trace Element Analysis
Oxide W1t.% in Ash Element ppm
Slicon 42.16 Antimony 0.26
Aluminum 10.74 Arsenic 041
Titanium 0.57 Beryllium 0.29
Cacium 10.85 Cadmium 0.04
Potassium 0.96 Chromium 530
Magnesium 3.06 Cobdlt 0.40
Sodium 0.05 Copper 4.80
Iron 12.26 Lead 4.20
Phosphorous 0.24 Manganese 78.00
Sulfur 17.60 Mercury 0.028
Molybdenum 0.46
Nickel 1.90
Sdenium 0.66
Vanadium 3.30
Zinc 7.90

TEST RESULTS

A 200 Ib/hr bench top ParaMagQ  separator was used for the work reported here. Although it
issmadler than the unit shown in Figure 1, the results achieved with the two units corrdate
closly.

Splits of the raw Kemmerer coa were ground to minusl6 mesh, dried to nomina 3% surface
moisture and processed through ETCi’s dry ParaMagO  separator. Reductions in weight
percent of sulfur, ash, mercury, etc., are plotted in Figure 2 as afunction of Btu recovery.
Mercury and pyritic sulfur reductions are Smilar. Routine analyses were performed by
commercia sourcesin the Pittsburgh, PA area. Trace metal measurements were made by
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Frontier Laboratories of Seattle, WA, and confirming measurements by the Fudls Laboratory
at Detroit Edison.

Adaville Series Coal
80 ®
70 A
_5 60 — Sulfur
'g 50 \— SO2/MBtu
B 40 1 |=— == Ash
; 30 T E e --!*l- ® Pyrites
20 \ A Mercury
10 | B Arsenic
0 T T T T T T T T T |
0O 10 20 30 40 50 60 70 80 90 100
% Btu Recovery

Figure 2. Grade and Recovery Curve, Adaville Series Cod.

Table Il compares the cleaned cod characteristics to those of the feed cod on aweight basis
at 95% Btu recovery. Thetreated coa has 1.17 pounds SO,/MBtu, a 47.5% reduction from
that of the feed cod. Thelost heat vaue conggts of the heat content of useful carbon which
has been logt in the separation process and the heat contents of sulfur and of lessreective
forms of carbon which are closdy associated with the minera matter and which do not burn
well. Thelossof “Useful Btu's’ is unknown at thistime but is expected to be significantly
less than implied by the measured Btu recovery. The carbon recovery is 95.6 %.

Tablell. Cleaned and raw Adaville series cod compared on aweight basis, 95% Btu
recovery.

Feed Coal | Cleaned Coal | Reject | Reduction, % | Recovery, %
Weight Recovery (%) 100.00 03.62 6.38 93.6
Heat Content 11,925 12,128 8,947 95.2
Carbon, Wt.% 68.87 70.29 48.01 95.6
Ash, Wt.% 6.22 4.57 30.37 26.48 68.8
Sulfur, Wt.% 1.33 0.71 10.41 46.57 50.0
Pyritic Sulfur, Wt.% 0.62 0.14 7.62 77.32 21.1
LbSO,/MBtu 2.23 1.17 23.27 47.5 49.1
Mercury, ppm 0.028 0.008 0.318 70.45 26.7
Arsenic, ppm 0.411 0.288 2.22 29.97 65.6

POTENTIAL APPLICATION

The ParaMagO separator can be used as a component of the MagMillO , anew power plant
technology for improving the quality of cod fed to the burner. The MagMillO consists of a
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ParaMagO separator retrofitted to acoa pulverizer asillustrated in Figure 3. A concentrated
dream of minerdsisremoved from the pulverizer and processed by the separator. The
minerds, especidly hard mineras such asiron pyrite and their associated trace metdls, are
rgjected by the separator and are digposed. Cleaned cod is returned to the mill for grinding
to specification. This has the effect of reducing the amount of minerals fed to the burner

while dso changing their ash chemidry in abeneficid way. The amounts of iron pyrites and
associated hazardous air pollutant precursors, especialy mercury, fed to the burner are
greatly reduced.

MagMillO Technology

Feature Advantages
Benefits
Better than Mill
Mill Feed wet cleaning Reduced wear, power

Separate Burners & Boilers
To Burner abrasive minerals Slagging reduced
Less water wall wastage
No water
Emissions
Sulfur Reduction

No additives Mercury Reduction
Less arsenic to SCR

MagMill™ Reject

Scaleable FuelsProcurement
Lowersoverall costs

Figure 3. MagMill® Technology.

ETCi has built and operated a 200 Ib/hr alpha prototype and a 1%40n per hour beta prototype
MagMill® and has extracted and tested material from avariety of operating pulverizers
induding CE Raymond bowl mills and B& W roller mills. The work reported here was part

of alarger project to determine the effects of dry magnetic separation for removal of
hazardous air pollutant precursorsin which severa of the cods tested were extracted from
pulverizers. The ParaMagO separator is designed to process amill concentrated stream of
mineras. No such concentrated stream was available to us from a power plant that was
grinding the Kemmerer cod. However, the separation tests on the raw cod have
demondtrated that:

Expressed on a pounds per million Btu basis at 95% Btu recovery, the magneticaly
separated cod has

48% fewer pounds of SO, per million Btu than the raw cod
78% less pyritic sulfur than the raw cod

72% less mercury than the raw cod

28% less ash than the raw codl.
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