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ABSTRACT

Spiral concentrators are gravity based separation devices used for the preparation of coal, iron and
heavy mineral ores (Wills, 1992). Gravity concentration remains the main separation method for
fine iron ore and is used extensively for treating many minerals. Gravity concentration methods
separate minerals of different specific gravity by their relative movement in response to gravity and
one or more other forces, the latter often being the resistance to motion offered by a viscous fluid,
such as water or air (Wills, 2006).

The main operating variables for a spiral concentrator are the feed rate, the slurry concentration,
the wash water addition and the position of the splitters used to separate the tailings, middlings
and concentrate streams (Sadeghi, Bazin & Renaud, 2014). Wash water is an important control
variable used to wash away entrapped light minerals from the concentrate stream (Burt, 1984,
Bouchard, 2001). Sadeghi et al. concluded the spiral operation to be sensitive to the wash water
flow addition and resultant economic trade-off. Increasing the wash water flow rate increases the
concentrate grade at the expense of the iron recovery.

The paper addresses the effects of dripping wash water onto the concentrate stream of a spiral
processing fine iron ore. The dripping wash water system offers a low flow alternative and could
possibly provide a good balance between grade and recovery of valuable minerals without using
excessive water. The Multotec SC20HC/7 WW spiral was used for the experimental test work. The
spiral was tested at varying solids concentrations; the wash water rate and the splitter positions
were kept constant.

The use of wash water at 30%, 35% and 40% solid concentration improved the Fe grade in the
concentrate (MO A+B) by about 1.5%, 6%, and 8% respectively. The additional SiO- rejected by
the wash water is approximately 3%, 9%, and 11% at 30%, 35% and 40% solid concentration
respectively. Addition of wash water is shown to have minimum effect on grade at 30% solid
concentration, Fe upgrades obtained with and without wash water were found to be similar.
Notable upgrades were observed at 35 and 40% solid concentration with wash water. The results
obtained suggest that the additional SiO- rejection by wash waters increases with an increase in
solid concentration. This suggests that the benefit of using the drip system is notable at higher
solid concentration. It is believed that at lower solid concentration SiO; particles are reasonable
free to move around and are possibly less entrapped than at high solid concentration.

The Fe grade/recovery and solid concentration relationship with wash water showed a non-linear
correlation. The Fe grade increases with an increase in solid concentration up to somewhat
optimum point and then drops as solid concentration increases further. The recovery of Fe on the
other hand follows a converse relationship with solid concentration, the recovery decreases from
30% to 35% solid concentration and then increases again at 40% solid concentration. The increase
in recovery at higher solid concentration could possibly be explained by the fact that the mass yield
to concentrate also increases with solid concentration. Since recovery is a function of both grade
and mass yield, the higher recovery at 40% solid concentration is likely due to the high mass yield
obtainable at 40% solid concentration.

The drip system could therefore possibly offer a safe guarding against grade and solid
concentration variations without using excessive water, and possibly ensure that a product within
specification is maintained.



INTRODUCTION

Spiral concentrators are low energy consuming devices that separate minerals mainly on the basis
of density. Spirals are widely used in mineral processing as a method for pre-concentration and
have proven to be efficient and cost effective. Spirals have a wide application, they are used in iron
ore processing, coal, gold, chromites, mineral sands, glass sands, and in soil cleaning.

Separation on a spiral is achieved through a combination of forces that act on particles as they
move down the trough of the spiral. The main forces known to act on the particle on a spiral are the
gravitational forces, centrifugal force, hydrodynamic drag, lift and friction forces (Kapur & Meloy,
1998). Apart from the forces acting on a spiral, the properties of the slurry flowing on a spiral
including, solids concentration, feed rate and wash water also plays an important role in the
separation on the spiral.

Control of solids concentration on a spiral is very important as it influences separation and
recovery on a spiral. Recovery on a spiral has been shown to increase with an increase in solids
concentration up to a point where it is optimum and then drops at relatively high solids
concentrations (Richards & Palmer, 1997).

When separation is in progress on the spiral, the heavy particles migrate toward the inner region of
the trough, the concentration of these dense particles becomes high and as a result the ease of
flow of material becomes reduced. This bed of particles, in a spiral without wash water, can
prevent further separation of the particles, resulting in silicates being trapped. Wash water is an
important control variable used to wash away entrapped light minerals from the concentrate stream
(Burt, 1984; Bouchard, 2001). The use of wash water on spirals can be used to restore the fluidity
of the material to avoid beaching and to wash away the trapped silicates (Holland - Batt, 1995).
The wash water can also wash away the valuable minerals to the tailing section; Sadeghi et al
(2014) showed that an increase in wash water rate enhances grade but simultaneously increases
the loss of valuable minerals to the tailings section. Positioning of the wash water is also important;
it plays a role in reducing the misplacement of the valuable minerals to the tailing stream.
Positioning the wash water nozzles to the middling section of the spiral trough has been shown to
enhance recovery of heavy minerals while washing away the gangue (Ramotsabi, Erasmus &
Bornman, 2015; Reddy, Krliger, Ramotsabi & Lincoln, 2010).

The aim of this study is to investigate the effect of the dripping wash water system on grade and
recovery on iron ore material. The Multotec SC20HC/7 WW spiral was used for the experimental
test work. The spiral was tested at varying solids concentrations; the wash water rate and the
splitter positions were kept constant. Optimization of these variables is expected to provide
optimum conditions for a good compromise between grade and recovery.



EXPERIMENTAL

Material

The sample was obtained from the Kumba Iron Ore plant, near the town of Kathu in the Northern
Cape Province of South Africa. The -1mm hematite sample was a low grade with an average head

grade of 36% Fe.

Figure 1 - Hematite feed sample

The sample was blended and a representative sample taken out for particle size distribution (PSD)
determination and size by assay. The results are shown in Table 1.

Table 1 - Feed sample size by assay

Cumm % Cumm %
Size % Cumm % Cumm % Fe Fe Cumm % SiO, SiO,
(microns) | Mass Retained % Fe % Fe Recovery | Recovery % SiO; % SiO; Recovery | Recovery
+
1000 7.80 7.80 39.60 39.60 8.23 8.23 41.72 41.72 7.49 7.49
850 12.71 20.52 38.37 38.84 12.99 21.22 43.18 42.62 12.63 20.11
600 19.85 40.36 37.73 38.30 19.95 41.17 44.02 43.31 20.10 40.21
425 13.91 54.28 36.38 37.81 13.48 54.66 45.88 43.97 14.68 54.89
300 10.97 65.25 36.32 37.56 10.62 65.27 45.99 44.31 11.61 66.50
212 8.11 73.36 35.63 37.34 7.70 72.97 47.00 44.61 8.77 75.27
150 5.10 78.46 36.01 37.26 4.89 77.86 46.11 44.70 541 80.68
106 4.37 82.83 36.44 37.21 4.24 82.11 45.46 44.74 4.57 85.25
75 2.87 85.71 37.13 37.21 2.84 84.95 44.00 44.72 2.91 88.16
53 1.90 87.61 37.98 37.23 1.93 86.88 41.91 44.66 1.84 89.99
38 1.46 89.07 39.11 37.26 1.52 88.39 39.83 44.58 1.34 91.33
10.93 100.00 39.85 37.54 11.61 100.00 34.49 43.48 8.67 100.00
100.00 37.54 100.00 43.48 100.00




Method

The test work was conducted on the Multotec SC20HC spiral fitted with a mouth organ product box
as shown in Figure 2. Mouth organ (MO) fraction A represents the sample collected from the inside
of the trough. It is the heaviest sample and should contain most of the Fe.
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Figure 2 - Mouth organ configuration

The spiral was operated in closed circuit as shown in Figure 3. The slurries were fed to the spiral
feed box via a distributor with an overflow to ensure constant feed conditions during the test.
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Figure 3 - Spiral test rig setup



Each spiral stage was run until steady state conditions were reached before taking the relative
density (RD), solids concentration and feed rate measurements at the top of the spiral rig. Three
consistent RD measurements and three consistent flow rate measurements were recorded before
taking simultaneous timed samples (fractions A to H) from the mouth organ.

Figure 4 shows the setup of the open trough drip wash water system. The spiral is equipped with 4
wash water nozzles which are positioned before the sliding splitters. The wash water nozzles are
setup such that the water drips onto the concentrate material closest to the center column before
the sliding splitter. The flow of the wash water is concurrent with the slurry flow on the spiral.
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Figure 4 - Wash water setup

The spiral was first tested at 30%, 35% and 40% solid concentrations using the iron ore sample
without wash water; this was done to establish a benchmark against which the effect of wash water
would be compared. Each test was done 3 times to check reproducibility of each test. The effect of
wash water using the drip system was tested at various solids concentration at a total wash water
rate of 5l/min, off the 5I/min introduced on the spiral only 1I/min was utilized for the washing on the
spiral. There are four wash water nozzles on the spiral; each nozzle used about 250ml of water.
The tests were again done 3 times. The sliding splitters settings remained unchanged throughout
the program and the solid feedrate was kept constant at 2tph. The mouth organ product samples
from each spiral test were collected and analyzed by ICP method for Fe and SiO. content. The
test work and chemical analysis data were used to calculate the mass yield and the corresponding
Fe and SiO; grade and recoveries. The test plan used and a summary of results obtained is shown
in Table 2.



Table 2 - Test plan and summary of results

Recon Feed Concentrate
Test Parameters Grade Concentrate Concentrate Grade Recovery
% Solid Wash Solid
concentration water feedrate
Test w/w 1/min tph % Fe % Si02 | % Mass yield % Fe % SiO; % Fe % SiO;
1 30 5 2 34.54 48.07 10.30 50.64 25.61 15.13 5.50
2 30 5 2 33.13 49.91 14.80 49.53 27.43 22.12 8.13
3 30 5 2 35.39 49.68 11.66 51.28 24.59 17.91 5.77
Ave 30 5 2 34.35 49.22 12.25 50.48 25.88 18.39 6.47
4 30 0 2 35.10 47.30 22.27 45.02 33.77 28.57 5.50
5 30 0 2 35.89 46.18 21.31 50.34 26.36 29.89 12.16
6 30 0 2 36.67 45.28 18.48 51.77 24.46 26.09 9.99
Ave 30 0 2 35.89 46.25 20.69 49.04 28.20 28.18 9.22
7 35 5 2 36.36 45.31 8.37 52.45 23.19 12.08 13.46
8 35 5 2 34.03 49.34 9.62 50.45 26.05 14.26 5.08
9 35 5 2 36.59 45.30 11.21 51.31 24.99 15.71 6.18
Ave 35 5 2 35.66 46.65 9.73 51.40 24.74 14.02 8.24
10 35 0 2 34.51 48.07 18.80 44.55 34.40 24.27 13.46
11 35 0 2 37.90 43.81 20.84 47.99 29.80 26.39 13.46
12 35 0 2 36.92 45.25 24.55 44.70 34.72 29.73 18.84
Ave 35 0 2 36.44 45,71 21.40 45.75 32.97 26.80 15.25
13 40 5 2 33.92 49.38 13.12 51.42 24.93 19.89 6.62
14 40 5 2 36.79 45.21 16.09 46.67 31.70 20.40 11.28
15 40 5 2 35.04 47.08 10.72 54.04 20.97 16.42 4.78
Ave 40 5 2 35.25 47.22 13.31 50.71 25.87 18.90 7.56
16 40 0 2 36.42 46.14 23.74 39.91 41.62 26.01 21.41
17 40 0 2 36.22 46.06 20.44 46.88 31.39 26.46 13.93
18 40 0 2 37.00 45.04 21.34 43.77 35.89 25.24 17.00
Ave 40 0 2 36.55 45.75 21.84 43.52 36.30 25.90 17.45




RESULTS

Effect of Solid Concentration on Grade

Figure 5 shows the effect of solid concentration on grade and mass yield

Average Grade vs. Yield at Various Solid Concentration
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Figure 5 - The effect of various solid concentrations on grade

The average results at 30% solid concentration shows that the sample was upgraded from 35.89%
to 49.04% Fe in the concentrate fraction; this was achieved at a mass yield of 20.69%. The %SiO»
was downgraded from 46.25% to 28.20%.

The average results at 35% solid concentration shows that the sample was upgraded from 36.44%
to 45.71% Fe in the concentrate fraction; this was achieved at a mass yield of 21.40%. The %SiO»
was downgraded from 45.71% to 32.97%.

The average results at 40% solid concentration shows that the sample was upgraded from 36.55%
to 43.52% Fe in the concentrate fraction; this was achieved at a mass yield of 21.84%. The %SiO»
was downgraded from 45.71% to 36.30%.

The results suggest that the lower the solid concentration the better the upgrade and that the Fe
grade in the concentrate reduces as solid concentration increases, similarly the SiO, downgrade is
best at the lowest solid concentration and decreases as solid concentration increases. As can be
expected at high solid concentration, there is more particle interaction and high gangue
entrapment. The mass yield to the concentrate on the other hand increases with an increase in
solid concentration.



Effect of Wash Water on Grade

Figure 6 shows the effect of wash water on grade at 30% solid concentration with and without the
use of wash water.

Grade vs. Yield at 30% Solid Concentration
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Figure 6 - The effect of wash water on grade at 30% solid concentration

The average concentrate grade achieved at 30% solid concentration with wash water is around
50.58% Fe and 25.88% SiO,; this was achieved at a mass yield of 12.25%. The results for the test
without wash water show an average of 49.04% Fe and 28.20% SiO: in the concentrate at a mass
yield of 20.69%.

There is no significant difference between the Fe grade in the concentrate (MO A+B) obtained with
and without wash water at 30% solid concentration, the upgrades are similar. The wash water only
improved the Fe grade on average by approximately 1.5% in the concentrate. The additional SiO-
rejected by the wash water is approximately 3%. The results suggest that at 30% solid
concentration the slurry is dilute enough to reduce entrapment of SiO,. Addition of water mainly
results in reduction of mass yield to the concentrate.



Figure 7 compares the grade/yield results obtained at 35% solid concentration with and without the
use of wash water.

Grade vs. Yield at 35% Solid Concentration
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Figure 7 - The effect of wash water on grade at 35% solid concentration

The average concentrate grade achieved at 35% solid concentration with wash water is around
51.40% Fe and 24.74% SiO.; this was achieved at a mass yield of 9.73%. The results for the test
without wash water show an average of 45.75% Fe and 32.97% SiO: in the concentrate at a mass
yield of 21.40%.

The use of wash water at 35% solid concentration improved the Fe grade in the concentrate

(MO A+B) by about 6%. The additional SiO; rejected by the wash water is nearly 9%. This is
double the rejection obtained at 30% solid concentration, the results elude that as solid
concentration increases, the mean free path for particles is reduced and that the SiO, entrapment
increases as a result. The addition of wash water therefore fluidises the bed of particles on the
trough and assists in alleviating the SiO, entrapment. The additional washing away of SiO; as
expected comes at an expense of mass vyield.
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Figure 8 compares the gradelyield results obtained at 40% solid concentration with and without the
use of wash water.

Grade vs. Yield at 40% Solid Concentration
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Figure 8 - The effect of wash water on grade at 40% solid concentration

The average concentrate grade achieved at 40% solid concentration with wash water is around
50.71% Fe and 25.87% SiO-; this was achieved at a mass yield of 13.31%. The results for the test
without wash water show an average of 43.52% Fe and 36.30% SiO: in the concentrate at a mass
yield of 21.84%.

The use of wash water at 40% solid concentration improved the Fe grade in the concentrate (MO
A+B) by about 8%. The additional SiO: rejected by the wash water is nearly 11%. As expected
addition of water washes away Fe along with SiO, and hence lower mass yields are obtained with
the use of wash water.
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Effect of wash water on Fe and SiO. recovery

Figure 9 shows the effect of solid concentration on recovery of Fe and SiO, and mass yield without
wash water.
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Figure 9 - The effect of various solid concentrations on grade

The recovery of Fe achieved in the concentrate at 30%, 35%, and 40% solid concentration without
wash water is 28.18%, 26.80%, and 25.90% respectively.

The recovery of SiO; achieved in the concentrate at 30%, 35%, and 40% solid concentration
without wash water is 9.22%, 15.25%, and 17.45% respectively.

As with the gradelyield relationship, the recovery of Fe is the highest at the lowest solid
concentration and decreases as solid concentration increases. The SiO; relationship is the inverse
of Fe relationship; it is the lowest at low solid concentration and increase with an increase in solid
concentration.
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Figure 10 shows the effect of various solid concentrations and wash water on recovery of Fe and
SiO; and mass yield.
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Figure 10 - The effect of various solid concentrations and wash water on recovery

The recovery of Fe achieved in the concentrate at 30%, 35%, and 40% solid concentration with
wash water is 18.39%, 14.02%, and 18.90% respectively.

The recovery of SiO; achieved in the concentrate at 30%, 35%, and 40% solid concentration with
wash water is 6.47%, 8.24%, and 7.56% respectively.

The results show that the recovery is the lowest at 35% solid concentration with the use of wash
water, then increases at 30% solid concentration and is the highest at 40% solid concentration.
The results suggest that the relationship between solid concentration and recovery with addition of
wash water is not linear. Figure 11 shows a different representation of the same results, with both
grade and recovery at various solid concentrations.
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Grade and Recovery vs. Solid Concentration
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Figure 11 - The effect of various solid concentration and wash water on grade and recovery

Figure 11 suggests that the grade increases with an increase in solid concentration up to an
optimum point and then drops as solid concentration increases further. The recovery of Fe on the
other hand follows a converse relationship with solid concentration, the recovery decreases up to
35% solid concentration and then increases again at 40% solid concentration. The corresponding
grade at 40% solid concentration is lower, since recovery is a function of both grade and mass
yield the higher recovery at 40% solid concentration is possibly due to the high mass yield
obtainable at 40% solid concentration.
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CONCLUSIONS

The study investigated the effect of the wash water drip system on a spiral with the grade and
recovery of Fe and SiO, measured as a response. The Multotec SC20HC spiral fitted with the
wash water drip system was used for all the tests. The spiral was tested at 30%, 35% and 40%
solid concentrations with and without wash water using an iron ore sample.

The tests without wash water upgraded the material in the following manner:

e At 30% solid concentration the sample was upgraded from 35.89% to 49.04% Fe in the
concentrate fraction; this was achieved at a mass yield of 20.69%. The %SiO. was
downgraded from 46.25% to 28.20%.

e At 35% solid concentration the sample was upgraded from 36.44% to 45.71% Fe in the
concentrate fraction; this was achieved at a mass yield of 21.40%. The %SiO; was
downgraded from 45.71% to 32.97%.

o At 40% solid concentration the sample was upgraded from 36.55% to 43.52% Fe in the
concentrate fraction; this was achieved at a mass vyield of 21.84%. The %SiO; was
downgraded from 45.71% to 36.30%.

e The recovery of Fe achieved in the concentrate at 30%, 35%, and 40% solid concentration
is 28.18%, 26.80%, and 25.90% respectively.

e The recovery of SiO, achieved in the concentrate at 30%, 35%, and 40% solid
concentration is 9.22%, 15.25%, and 17.45% respectively.

The relationship between Fe grade/recovery and mass yield at various solid concentrations without
the wash water shows a linear relationship with the Fe grade and recovery being the highest at the
lowest solid concentration and decreasing as the solid concentration increased. The SiO:
relationships are the inverse of Fe, and the relationships increased with an increase in solid
concentration. The mass yield in the concentrate also increases with an increase in solid
concentration.

The tests with wash water upgraded the material in the following manner:

e At 30% solid concentration the sample was upgraded from 34.35% to 50.48% Fe in the
concentrate fraction; this was achieved at a mass vyield of 12.25%. The %SiO; was
downgraded from 49.22% to 25.88%.

e At 35% solid concentration the sample was upgraded from 35.66% to 51.31% Fe in the
concentrate fraction; this was achieved at a mass yield of 9.73%. The %SiO, was
downgraded from 46.65% to 24.74%.

e At 40% solid concentration the sample was upgraded from 35.25% to 50.71% Fe in the
concentrate fraction; this was achieved at a mass yield of 13.31%. The %SiO, was
downgraded from 47.22% to 25.87%.

e The recovery of Fe achieved in the concentrate at 30%, 35%, and 40% solid concentration
is 18.39%, 14.02%, and 18.90% respectively.

e The recovery of SiO, achieved in the concentrate at 30%, 35%, and 40% solid
concentration is 6.47%, 8.24%, and 7.56% respectively.
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The use of wash water at 30%, 35% and 40% solid concentration improved the Fe grade in the
concentrate (MO A+B) by about 1.5%, 6%, and 8% respectively. The additional SiO- rejected by
the wash water is approximately 3%, 9%, and 11% at 30%, 35% and 40% solid concentration
respectively. Addition of wash water is shown to have minimum effect on grade at 30% solid
concentration, Fe upgrades obtained with and without wash water were found to be similar.
Notable upgrades were observed at 35 and 40% solid concentration with wash water. The results
obtained suggest that the additional SiO- rejection by wash waters increases with an increase in
solid concentration. This suggests that the benefit of using the drip system is notable at higher
solid concentration. It is believed that at lower solid concentration SiO- particles are reasonable
free to move around and are possibly less entrapped than at high solid concentration.

The Fe grade/recovery and solid concentration relationship with wash water showed a non-linear
correlation. The Fe grade increases with an increase in solid concentration up to somewhat
optimum point and then drops as solid concentration increases further. The recovery of Fe on the
other hand follows a converse relationship with solid concentration, the recovery decreases from
30% to 35% solid concentration and then increases again at 40% solid concentration. The increase
in recovery at higher solid concentration could possibly be explained by the fact that the mass yield
to concentrate also increases with solid concentration. Since recovery is a function of both grade
and mass yield, the higher recovery at 40% solid concentration is likely due to the high mass yield
obtainable at 40% solid concentration.

As with any wash water system, in addition to gangue rejection adding water comes with a
sacrifice in mass yield and somewhat recovery of valuable minerals as well. The amount of wash
water used for washing also has an effect on the losses of valuable minerals, a good balance
between the wash water and gangue rejection is therefore important. The lower the amount of
wash waters the better. The drip system wash water offers the option to use low volumes of water;
5I/min is used for the system in total. There are 4 nozzles in total on the spiral, and the washing
through the drip nozzles is about 1l/min (250ml/nozzle) while that of the high wash water system
typically ranges between 10I/min to about 21l/min. The drip system could therefore possibly offer a
safe guarding against grade and solid concentration variations without using excessive water, and
possibly ensure that a product within specification is maintained.

RECOMMENDATIONS

A direct comparison between the drip system and the high flow wash water system should be
conducted on the same sample to evaluate the differences between the two systems and to
establish whether the drip system can offer similar results and if it offers a better alternative at low
wash water rates.
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FIGURE CAPTIONS

FIGURE 1 - HEMATITE FEED SAMPLE

FIGURE 2 - MOUTH ORGAN CONFIGURATION

FIGURE 3 - SPIRAL TEST RIG SETUP

FIGURE 4 - WASH WATER SETUP

FIGURE 5 - THE EFFECT OF VARIOUS SOLID CONCENTRATIONS ON GRADE

FIGURE 6 - THE EFFECT OF WASH WATER ON GRADE AT 30% SOLID CONCENTRATION

FIGURE 7 - THE EFFECT OF WASH WATER ON GRADE AT 35% SOLID CONCENTRATION

FIGURE 8 - THE EFFECT OF WASH WATER ON GRADE AT 40% SOLID CONCENTRATION

FIGURE 9 - THE EFFECT OF VARIOUS SOLID CONCENTRATIONS ON GRADE

FIGURE 10 - THE EFFECT OF VARIOUS SOLID CONCENTRATIONS AND WASH WATER ON RECOVERY

FIGURE 11 - THE EFFECT OF VARIOUS SOLID CONCENTRATION AND WASH WATER ON GRADE AND RECOVERY

TABLE CAPTIONS

TABLE 1 - FEED SAMPLE SIZE BY ASSAY

TABLE 2 - TEST PLAN AND SUMMARY OF RESULTS
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