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ABSTRACT

We present results of dry magnetic separation (patent pending) of Y4inch topsize
fines removed through the dust hood of an Allairé -Jig processng a 2 inch topsize North
Dakotalignite. A split of the fine materid blown through the air jig and collected in a
bag- house used for dust suppression was processed with arare earth belt magnetic
Separator without any pre-trestment such as crushing, screening, or drying. Use of the
magnetic method improved the Btu recovery of the air jig from 78% to 91% without
impacting the product ash level or pounds SO, per million Btu. The performance of the
dry magnetic separator is enhanced because the ar jig reduces surface moisture for the
fine particles. Use of the combined technol ogies improves the overdl performance.

INTRODUCTION

Use of dry methods for separation of minera contaminants from cod began in the
1800 s and peaked around 1965 when wet methods, generaly more effective in minera
Separation, were developed for cod cleaning. However, the growth of concern for the
massive volumes of wet refuse to be managed has piqued new interest in development of
dry methods for ore dressing. Dry methods have dways been of interest in arid regions
of the world where water is not available for wet processing.

Air jigs are one technology now being reconsidered for dry cleaning of raw cod.*
However, they arelargdly ineffectivein cleaning cod particles larger than 50 mm and
smaller than 0.6 mm diameter.? Al together, the ineffectiveness of the air dleaning
devicesin treating fine cod has limited the gpplication of thistechnology. Further, air
jigs are generdly limited to “black-and-white” separations a 1.6 specific gravity or
higher. Separations at specific gravities much below 1.6 are not normaly economic.
Likedl dry methods, the air jig has a practical upper surface moisture limit of about 6%
and dust control is a necessity.
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COMBINED M AGNETIC AND AIR SEPARATION TECHNOLOGY

The dust collected in air jig operation can be processed efficiently by dry
magnetic methods with the potentia to make a significant improvement in overdl Btu
recovery. The high ar velocities employed by the air jig remove surface moisture from
the codl thus making dry magnetic separation viable. The dry magnetic separators are
limited by surface moisture as arethe air jigs. The combination is Sgnificantly more
efficient than ether done.

Stand-aone dry magnetic separators, however, have not previoudy found
acceptance in the cod mining industry because of problems of treating large quantities of
cod of differing particle 9ze. Thereisalimit to the top Sze which can be treated by a
belt magnetic separator because of the wesk magnetism of mineralsin cod and because
of the short range of the gradient magnetic fields required to make the separations.
Particle top Szeisgenerdly in the “ainch range. Coa dependent, 15 to 25 tons per hour
isapractical upper limit of throughput for a Sngle magnet belt separator. Using the belt
magnetic separators to treat the fines fraction of dry cod cleaning equipment such asar
tablesand air jigs (patent pending) is practica.

A schematic of an air jig employing dry magnetic separation of the dust fraction
isshownin Fgure 1.

Raw cod isfed to the airflow jig ™
through afeed bin. Both steady and
pulsating air are fed through a plenum
chamber undernegth the separator and
mechanical action vibrates the porous surface v
of theinclined air teble (jig) . A dratified raiey
layer is formed as the stream of coa works a3
itsway down the inclined table. The Allaira ”“‘(‘““. LT Rm/""
arflow jig (table) produces clean, refuse and Ao X
fine cod fractions. Thefine materid is
recovered by a dust collection system which R f
in this caseis abag house. The solids ooy Al
discharge from the dust collection system is then sent . o
to adry magnetic separator stitable for processing Fg. 1. Combined air jig and
nominaly %zinch topsize particles where a separation magnetic separator.
of clean coa and refuse was effected. The clean cod
from the airflow jig and the dry magnetic separator are combined as product and the
refuse fractions are discarded.

EXPERIMENTAL

A 24 ton batch of 2 inch topsize North Dakota lignite from the Falkirk Mining

Company was processed in asingle passthrough the Allaird arflow Jg. Thefines
fraction was collected in abag house. A split of the fine materia was then processed
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through ETCi’ s belt magnetic separator. The overdl result of the testing isshown asa
mathematica recombination of the fractions from each device.

Figure 2aisaschematic illugtration of the laboratory scae permanent magnet belt
separator which was used to process the minus Ysinch dust fraction from the air flow jig.
Figure 2b isaphoto of anomina 1 TPH separator.

Fig. 2a. Schematic drawing of Fig. 2b. ElectriMagO Separator
belt magnetic separator.

The separator of Figure 2a has flow dividers and receiving bins located at the
magnet end and undernesth the belt. Codl istransferred from the dust collector of the air
jig into the hopper. The fine cod isfed from of the hopper onto the surface of avibratory
tray which prepares aflowing stream of particles of uniform thickness and controls the
rate & which particles are fed onto the surface of the moving belt a the idler pulley end
of the belt. The belt speed is controlled by a drive motor which changes the rate of
rotation of the magnet pulley and hence the thickness of the cod layer moving with the
belt.

The materia being carried by the belt will be separated into particles of differing
levels of magnetism a the magnet end of the belt. The least magnetic particles will be
collected in receiver a located at the greatest distance from the leading edge of the
magnetic raller and upon separating from the magnet, asfor dl particles, will follow a
trgectory dictated by their momentum, gravity, and aerodynamic drag. Particles of
srong magnetism will be carried around the perimeter of the magnet and deposited in
receiversd, e, and f underneeth the belt. Particles of intermediate magnetism will land in
receivers b and ¢ between the two extremes.

A vertical section dong the length and through the center of the permanent
magnet used to produce the magnetic force of attraction is shown in Figure 3. The
magnet congsts of acylindricd arrangement of dternating segments of permanent
magnets separated by thin cylindrical carbon sted spacers. The permanent magnets are
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magnetized pardld to the axis of the cylinder and are arranged o that nearest faces are
magnetized in oppogite directions. In this arrangement, the lines of magnetic flux emerge
and return radialy over the outside surfaces of the carbon stedl spacers. These surfaces
are the regions of high magnetic force corresponding to high vaues of the magnetic
energy gradient, BNIB. Any permanent magnet with sufficient demagnetizing force can
be employed. Permanent magnets made from mixtures of neodymium, iron, and boron
are preferred to produce large forces. The thickness of the permanent magnets and the
spacers can be adjusted to produce maximum force on the surface of the magnet.
Figure 3 shows the lines of magnetic flux in the permanent magnet separator.
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Fig. 3. Lines of magnetic flux in the permanent magnet separator

TEST RESULTS

EXPORTech Company, Inc. (ETCi), Fakirk Mining Company and Aliminerd,
LLC, have tested the concept of combining a modern arr jig and a dry magnetic separator
to achieve improved recovery and greater ash and sulfur reductions when cleaning
nomina 50 mm topsize cod. Twenty-four tons of North Dakota lignite were shipped to
Ohio for processing at the rate of 50 tons feed per hour through the commercid Allaira
Jg shownin Figure4. Since only 24 tons of coa were shipped, it was decided to run the
Fakirk lignitein asingle batch with no Sze separation. Typicaly this unit would operate
on either astream of coarse or fine cod. The system was purged and the Falkirk coa
was run through as a batch with samples being taken of the feed, coarse product,
baghouse fines, and rgject materid throughout the test. The test took approximately 20
minutes.  The results of the testing are shown in Table 1.
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Fig. 4. AllairO Jg

Tablel. Results of Processing Lignitewith an Air Jg

Dry Basis
Recovery | Moisure | Ash | Ener Sulfur
Sample | " op g Wt% | wt% Btu/l_gg wtop | SO/MBtu
Feed 100 3065 |28.84| 8588 1.33 3.10
Av. Prod. 69 3240 |18.83| 9857 1.30 2.64
Av. Fine 22 26.27 | 36.74| 7514 1.18 3.14
Regects 9 19.75 | 73.93| 2445 2.12 17.36

Twenty-two percent of the feed to the air jig was collected in the baghouse. As
shown in Table | above, this %zinch topsize materia had 26.27 % moisture, and 36.74%
ash, 1.18 % sulfur, and 7,514 Btuw/lb on a dry basis. A representative sample of the
baghouse fines rgject from the Allara  Jg was shipped to EXPORTech Company in New
Kensington, PA whereit was processed &t the rate of 86 |b/hr through a bench scale
model of the ElectriMagO Belt Separator (US patent 6,540,088 April 1, 2003) Smilar to
that shown in Figure 2b. The laboratory scale magnetic separator split the air jig dust
into six different fractionsfor detailed analyss. The resultsare shownin Tablell.

Tablell. Results of Magnetic Separation of Air Jg Dust Component

Dry Basis
Canister Weight Ash | Sulfur Magnetic
No. Recovery WEo% | wit% Sus_ceptlblllty

wt.% Micro cc/g

a 7.58 1223 | 131 1.58

b 4428 |20.26| 141 2.17

c 2687 |41.89| 1.38 2.70

d 6.05 55.34 | 1.22 4.69

e 3.03 69.94 | 1.13 24.18

f 1218 | 73.79| 1.05 68.59

Composite 99.99 |3563| 1.33 11.06
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Strongly paramagnetic mineras are separated from the airflow jig fines fraction.
The result of the magnetic separation is acod with reduced ash and smilar sulfur but
which is dill paramagnetic. Additiond sulfur bearing mineras may be removed from the
arflow jig finesif they were ground finer to achieve better minerd liberation.®

The composite products which can be made by combining the air jig products
with the products of the dry magnetic separation are shown on adry basisin Tablelll.

Tablelll. Composite Products, Dry Basis

Btu
Sample R(\al\c,to;%ery VC‘,{%;) ?J,tllt,l/ir (E?ue/rng) LbSO,/MBtu Recg/);/ery
F:Ar('):jﬁgt 69.00 | 1883 | 1.33 | 9,857 2.70 78.05
a| 7067 | 1867 | 1.33 | 9,903 2.69 80.31
Vagneic | B 8041 [ 1887 | 134 | 9877 271 01.14
Separetor | | 8632 | 2044 [ 134 | 9665 278 95.73
e | 9] 8765 2097 | 134 | 9503 2.79 96.49
e| 8832 | 2134 | 134 | 9543 281 96.72
f| 9100 | 2289 | 133 | 9,335 2.85 97.47
Air Jg Reect 100.00 | 2749 | 14 | 8715 3.22 100.00

Using the dry magnetic separator to processthe air jig fines can recover additiond
materid that would have been logt. By doing this the Btu recovery of the air jig product
for thislignite can be increased from 78.05% to 91.14% without substantidly hurting the
LbSO,/MBtu.

CONCLUSIONS

Dry magnetic separation and pneumatic methods (patent pending) are aviable
combination of technologies for dry cleaning of cod. The belt separator isa suitable
choice of magnetic methods for processing cods where the magnetic susceptibility of the
refuse fraction is generaly greater than 5 10°® emu/g-Oe asiis the case in this example.
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