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INTRODHCTION

The vse of spiral concentrators for processing
fine coal particles 1s an old idea that has
rvecently gained acceptance in the {1.5. coal
industry.

It was not until the Australian Winerals In-
dustry developed a apiral concentrator speci-
fically for separating coal from ash in the
latter 1970's and early 1980's that spiral
concentrators were serlously considered as
viable equipment for processing fine coal.

The Wright Coal Spiral was Introduced in 1980,
the Mineral Deposits Limited Mark 10 Coal Spi-
ral was introduced in 1982, and the Vickers
Hyong Coal Spilral was introduced in the latter
part of 1984, €Each spiral deslgn was differ-
ent and ukllized constant profile troughs,
eonstant pltch troughs, compound profile
trougha, and varioua aplitter arrvangements.

Minevral Deposits Limited has combined the best
features of the compound profile trough and
constant pltch trough with critically-placed
splitters to develop the MPL LD4 splral con-
centrator which is a truly efficlent coal
washing spiral. This apiral concentrator was
Introduced into the U.S. Coal Industry in
16A7.

Recently, Mineral Engineering Technology of
the Unltad Klngdom and Multotec of South Af-
rica have Introduced their own coal spiral
deaigna.,

Spiral concentrators were firat installed in
fine coal processing clrcults in the Austral-
fan, South African, and Canadian Coal Tndus-
tries In the early 1980°'z and in the 1.S.
Coal Industry in 1985.

SPIRAL CONCENTRATOR SEPARATION PROCESS

The separation process that occura within the
spiral concentrator trough is very complex, as
it is a combination of three gravity separ-
tion processes. When the coal slurry first

enters the spiral trough, each coal and ash
particle and the water is subjected to centrl-
fugal foreces, These forces cause the water,
light coal "particles, fine heavy ash parti-
cles, and medium middlings particles to the
outer vertical portion of the sapiral trough.
The coarse ash particles and the coarse mid-
dling particles remain on the inside of the
spiral trough. The center or transitional area
of the trough contalns a mixture of middlings
particles and near-gravity materfal that Is
present in the slurry, as shown In Filgure 1.

&t the same time the coal and ash particles
are subjected to centrlfugal forces, the
trough deaign (hoth profile and pitch) causes
the partlicles to be subjlected to flowing film
and stratifled bed separationz. The combina-
tion of these three separations, whose effi-
ciency ts dlictated by the apleal trough de-
algn, will effect the separation nf the
lighter coal particles from the heavier ash
and middlings particles.

As the slurry flows down the splral, the
profile and pitch deslpgn of the trough will
counteract the centrifugal forces on the fine,
heavy ash particles and fine middlings partl-
clea and cause them to migrate f{rom the verti-
cal portion of the trough to the center oc
inner portion of the trough. At the same
time, any heavy particles trapped in the tran-
siticnal area of the trough will be forcad to
migrate to the inner edge of the trough and
any coal particles will he focrced to migrate
to the outer edge of the trough.

SPTRAL SPLITTER ARRANGEMENT

The critical placement of splitters along the
Inner edge of the trough for removal of the’
heavy ash particles as the slurry [lows down
the trough further enhancea the separation of
the coal particlea. At the bottom of the
spiral trough are product splitters arranged
to make a final separation of the .8lurry
atream Into ¢lean coal, middlings, and refuse
products.
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CROSS SECTION OF A SPIRAL STREAM
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FIGURE 1

This three-product split at the bottom of the
spiral {8 very important when a difficult-to-
wash coal i3 belng processed. The clean coal
splitter can be adjusted to obtain a low ash
clean coal product and the refuse splitter can
be adjusted to obtain a very high ash refuse,

The middlings stream can then be further pro-
ceassed by a second-stage apiral elrecult to
obtain a clean coal product which can he
hlended hack into the clean ceoal product from
the primary spiral circuit. The middlings and
refuae atreams from the secondary stage spiral
circuit would report to refuse.

SPIRAL FEED CONSIDERATIONS

In general, the feed alurry to the spiral con-
centrators will consist of -8 X 150 mesh par-
ticles at a pulp density of 30-35% sollds by
weight, The pulp density in the feed 13 af-
fected by the amount of ash in the feed, the
amount of slimes in the feed, and the presence
of clay particles.

Tt 1s important that the feed slurry to the
spliral concentrators be de-slimed, even though
a certain amount of oversize and undersize
material can be tolerated. It should be noted
that any slimes that are in the feed to the
apiral concentrators will always report to the
clean c¢oal preduct.

Classifying cyclones or sleve hends can be
utilized to deslime the feed to the spiral
concentrators, Sieve bends or other deslim-
ing screens should be used to de-slime the
clean coel product stream for removal of any

high ash slimes that reported to the clean
coal.

Spiral concentrators are arranged in single-
trough, twin-trough, or triple-trough con-
[igurations mounted on a central column. FEach
trough Is capable of processing 1.5 to 4.0
DTPH of feed material, depending upon the
Manufacturer'a particular gpieal design., At
the present time, Mineral Deposita Limited's
D4 splral concentrator ia the highest capac-
ity spiral desafgn on the market; the MDL LD4
comes in a triple-trough configuration that
can process 4 DTPH per trough for a total of
12 DTPH per spiral concentrator.

SPIPAL _CONCENTRATOR EFFICIENCY

Spiral concentrators, In general, achieve a
gpecific gravilty of separation at a relative
density of 1.8 to 1.9. In some cases, de-
pending upon the feed coal and the amount of
near gravity material, the speciflc gravity of
separation has bean asa low as 1.5 and as high
as 2.0, The partition coefficient {Ep) cor-
regponding to the 1.8 -1.9 3.6, of separation
fa, in general, 0.12 to N.15. 1In some cales,
again depending on the feed coal, tha partl-
tion coefficient has been as low as 0,07 and
a3 high as 0.18.

SPIRAL CONCENTRATOR APPLICABILITY

To determine the applicability of splral con~
centrators in a particular fine coal process-
ing clrcuit one must first ohtain a true anal-
ysis of what is happening in the clircuit., A
determination must be made of the true feed
conditions to the circuit and the true pcocess
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capabilities of the particular coal prepar-
ation equipment in the clrecuit.

Most of the time flne coal proceasing equip-
ment 1s simply overloaded with €ine material
because the tonnage throughput has lncreased
to the coal preparatlion plant over and above
the plant's true design capabilities. In gen-
eral, there has also been a change in the
underground mining equipment or 1ts usage s0
that more fine materisl is reporting to the

plant.,

Spiral concentrators are capable of processing
-8 X 150 mesh particles at an 5.G. of separ-
ation of 1.8 to 1.9, A screen analysis of the
feed to the fine coal clrcuit should be ob-
tained along with the ash and sulfur analyses
in each size fraction. A washabllity of the
feed should alsc be obtelned with particular
emphas!s placed on the 1.5 to 2.0 S.G. of
aseparatlon. An analysis of the screen frae-
tions and the washahillity will give a good
indication of how & apiral concentrator will
perform nn a particular coal and in a parti-
cular plant.

The hest procedure i1s to install a test spiral
in the fine coal processing circult te obtain
the actual process capabllities of the spiral
concentrator. ’

Once this information is obtained a deter-
mination can be made of how removal of the -8
X 150 mesh material or a portion of this size
fraction will improve the overall efficlency
and clean coal quality of the fine coal pro-
cesaing circult.

SPTRAL CONCENTRATOR APPLTCATIONS

Spiral concentrators are being utilized as di-
rect replacements for such conventional coal
preparation equipment as water-only cyclones
(hoth primary and secondary cireuita), fine
coal jigs, and coarse froth flotation (See
Figures 2, 3, and 4). Spiral concentrators
are gselected rather than conventional ceal
preparation equipment becasuse of:

1, Higher overall clean coal yields;

2. Lower ash and pyritic sulfur in the
elean coal product;

3. TFase of operation and maintenance;
4. Corrosion and erosion resistance; and

5, Reduced operating and malntenance
coats.

One of the primary uses of splral concen-
trators 1a to complement existing fine coal
preparation equipment, thus allowing this
equipment to operate in its optimum processing
range. Spiral concentrators, in many cases,
are simply more efficient then froth flota-

tion, shaking tahles and heavy media cyclones
in the approximate slze range of -16 X 100
mesh when this equipment is heing used to
process much broader particle size ranges.

Flotation cells are generally used to process
~?28 X O mesh fine particles at a pulp density
of 8-10% solida by weight. In general, 10 to
204 of the feed reporting to the flotation
cells are +28 mesh particles; these particles
will always report to the fletation tallings
because a higher pulp densaity of 12-14% s=olids
by welght is required in the slurry In order
for these larger coal particles to float. Un-
fartunately, this high of a pulp denslty will
alao cause some of the amaller {-100 mesh) ash
and pyritic sulfur particles to float and thus
contaminate the clean coal product.

A compromise is reached when processaing

~28 ¥ O mesh particles in a flotaetion circult.
The pulp density of the slurry is too low for
efficient flotaetion of the -28 X 100 mesh par-
ticlea and too high for efficient flotation of
the =100 X 0 mesh particlea. In addition, the
reagent dosage utilized for -28 X O mesh flo-
tation is also a ¢compromise, resulting 1in in-
efficient use of the reagents.

The incorporation of spiral concentrators into
the -28 X O mesh froth flotation circult (See
Figure 4) will recover all of the +28 mesh and
-28 ¥ 100 mesh coal particles that previously
had been reporting to the flotation tallings
because of a too low pulp density and incor-
rect reagent dosage. The use of spiral con-
centrators will now allow the flotatlon cella
to operate at the optismum pulp density and
reagent dosage for recovery of the ~100 X O
coal particles.

Shaking tables also btecome lnefficlent when
they nre used to process =3/A tn. (or -1/4
in.) X 100 meah materlal. A compromlise must
be reached on the slope and piteh of the
table, amplitude of the stroke, end the amount
of wash water required, thus resulting in the

loas of fine coal to the middlings and
tallings streams,

Most table elrcuits are alao overloaded with
fine material genersted by continuous miners.
The shaking tables are simply trying to pro-
cess more material than they are deslgned to
handle and the loss of fine coal 1s the re-
sult, '

The addition of spiral concentrators to a
shaking table circuit (See Figure 5) to pro-
cess the =10 X 100 mesh particles will allow"
the shaking tables to be adjJuasted for optimum
recovery of the -3/8 In (or -1/4 in.) X 10
megh coal particlea. Overall recovery in the
eireuit will go up since the fine coal parti-
clea are no longer being washed awfy.

Coal operetors are presently using single
heavy media cyclone circuits to process fine
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coal down to 130 mesh or even O when reallstl-
cally the separation process should stop at
about 16 mesh. Relow this particle size
range, the single heavy media cyclone circult
beging to lose its separation efflciency, mag-
netite losses inereaae, and the heavy media
recovery system hecomes inefficient and bur-
densome.

This inefficlency can be overcome by using
gseparate coarse coal/fine coal heavy medla
eyclone circuits, but the capitol costs, oper-
ating costs and maintenance costs are prohibi-
tive.

In the approximate size range of -16 X 100
mesh the gpiral concentrators are as efflecient
as heavy media cyclones, they are much simpler
to operate, and no media {other than water) is
required.

The addition of apiral concentrators to a
heavy media cyclone circult (See Figures 6 &
7} washing down to 28 mesh {or 100 mesh) will
accomplish the following:

1. TInecrease the efficiency and tonnage
throughput of the heavy medla cyclone
circuit since the -16 ¥ 28 mesh (or 100
mesh) fine material has now been removed
from the cyclone feed;

2. Increase the efficlency of the heavy medla
recovery circuit and decrease the heavy
media losses since the fine material has
now been removed from the heavy medla
eyclone circuit; and

%. Reduce the operating costs of the heavy
media cyclone circulit since there will now
be less magnetite consumption,

Spiral concentratora are also being utilized
as the primary rrocess equipment for recover-
ing Fine (-8 ¥ 150 mesh) coal from slurry
ponds, gob plles, and coal preparation plant
waste atreams (See Figures 8 & 9). Splral
concentrators are selected aver other conven—
tional fine cocal proceasing equiprent because
of':

1. Excellent yields in apite of oxidized ceal
surfaces and the presence of pyrite and
clays:; and

?. Simplieilty of the process circultry and
equipment required for recovaring this
fine ,coal,

ECONOMIC ANALYSIS COMPARISON

A capital and operating cost compsrison be-
tween a two-stage water-only eyclone c¢lrcuit
and a spiral concentrator circuit processing
fine coal (nominal -28 X 100 mesh) is shown in
Table 1.

An analyasls of the operating costs between the
two clrcuits {ndicates that the operating

horsepower for the two-stage, water-only cy-
clone clrcuit will he greater than the spiral
concentrator clrcuit; 242 KW versus 149 KW,

The wakter-only c¢cyclone clrcult will rcequire
two more sumps and pumps along with the accom-
pany ing piplng. The water-only cyclone clr-
cuit will also require more floor space and
building volume.

SUMMARY

Spiral concentrators will complement and
enhance most fine coal processing equipment
already Installed in exlating coal preparatlion
plants. Spiral concentrators will also
improve new preparation plant fine coal
civcultry by increasing the plant capaclity and
tnereasing the overall quality and yleld of
the clean coal product,
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FQUIPHENT COST COMPARISON

(14) WATER-ONLY CYCLONES
14 IN. DIAMFTER

(18} LN4 COAL WASHING SPIRALS
{6) CLASSIFYING CYCLONES

{1} VIBRATING REFUSF
DEWATERING SCRFEN

{1} CLEAN COAL SIEVE BEND
100 ME£SH SEPARATION

(1) CLEAN COAL CENTRIFUGE
75 HP DRIVE

PROCESS SUMPS

PROCESS PUMPS

PUMP HOTORS,
STARTERS, ETC.

325 CONNECTED HP
200 CONNECTED He

(U.S. DOLLARS)

2-STAGE WATFR-ONLY

63,000  em————
______ 751000
30,000 30,000
20,000 20,000
10,000 10,000
48,000 45,000
18,000 6,000
(3 (1)
33,000 17,000
(3 {1)
24,000
12,000
252,000 218,000

TABLE 1
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TYPICAL SPIRAL
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WASH DOWN TO 100 M IN HEAVY MEDIA CYCLONE CIRCUIT
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FINE COAL (NOMINAL 28 M x 0)

SLURRY POND RECLAMATION
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RELATIVE EFFICIENCIES
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