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Abstract 
Many studies have considered the effects of suspension properties on the dewatering process but few 
have focused on ore properties. Thus, the present work studied the effects of ore properties (density, 
particle size, mineralogy) on the dewatering process based on lab and pilot experiments. A hydrocyclone 
was used to prepare the required samples for the experiments. To study the effects of mineralogical 
properties, the sedimentation behaviour of hydrocyclone feed and underflow samples were compared. It 
was observed that the free-settling velocity of feed (2 to 6mm/sec) was less than in the underflow sample 
(2 to 7mm/sec) and the final concentration of underflow sample (0.45 to 0.48t/m3) was more than the 
feed sample (0.44 to 0.47t/m3). Additionally, to study the effects of particle size and density, the 
sedimentation behaviour of hydrocyclone overflow and feed samples were compared. The settling 
velocity and final concentration of overflow sample were obtained at 0.15 to 0.4mm/sec and 0.32t/m3, 
respectively, which was significantly less than the feed sample. This was due to the amount of clay 
reduction in the underflow sample and particle size and density reduction in the overflow sample. 
Following on, the pilot experiments were carried out. It was observed that the bed formation of the feed 
sample tended to overflow in the sample at low flux (10t/m2/day) and tended to underflow in the sample 
at high flux (28.5t/m2/day). This meant that the long time at lower flux created an opportunity for fine 
particles to settle easily, similar to coarser particles and as such, ore properties did not play a decisive 
role in bed formation, but their effects appeared instead at higher flux. Furthermore, it was observed that 
the underflow concentration increased by decreasing the flux from 28.5 to 10t/m2/day. These increasing 
amounts were 0.05t/m3 and 0.12t/m3 in hydrocyclone overflow and underflow samples, respectively, at a 
height of 2.5 metres. This meant that the compressibility and permeability of the hydrocyclone 
underflow sample was much better than in the hydrocyclone overflow sample, which was clearly a result 
of the ore properties (density, particle size, mineralogy). 

Keywords: compression, ore properties, settling, thickener. 
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1. Introduction 
Mineral processing techniques are performed in 
environments that contain a significant amount of 
water and the majority of this water is removed 
with tailings. Thus, it is necessary to use 
dewatering equipment such as thickeners in order 
to avoid environmental contamination. Paste 
thickeners can minimize the volume of water 
ultimately consumed and reduce the volume of 
solid waste requiring disposal. Schemes such as 
thickened tailings disposal and paste fill all 
involve the deposition of dewatered tailings to 
improve water recovery and decrease tailings 
volumes and costs [1-9]. 'Paste' is a term for a 
suspension of solids that are relatively non-
settling and non-segregating. Furthermore, paste 
has a self-supporting structure and when 
deposited on the ground will form a slope of 
varying inclinations, depending on the solids 
concentration. Paste properties are produced by 
the relatively high suspended solids 
concentrations [10-14]. Several models and 
experiments have been presented by researchers 
to understand the thickening process and for 
predicting the relationship among the process 
parameters [15]. Different thickening theories 
have been proposed by Coe and Clevenger 
(1916), Kynch (1952), Talmage-Fitch (1955), 
Yoshioka-Hotta (1957), Adorjan (1976), 
Oltmann-Osborne (1977), Wilhelm-Naide (1981), 
Dahlstrom-Fitch (1985), Yalcin (1988), Kelly-
Spottiswood (1989) and others [15-18]. 
Furthermore, chemical engineers have developed 
several models to simulate dewatering behaviour 
by [19-21]. A 1-D model of dewatering was 
developed by Buscall and White (BW, 1987), 
which quantifies the solids volume fraction, the 
compressive yield stress and the hindered settling 
function [15]. Furthermore, Landman and White 
(1988, 1994) used the phenomenon model to 
describe the solid flux function and effective solid 
stress. They determined the subjected forces on 
particles in the sedimentation and consolidation 
process [22-23]. The BW theory developed by 
Green (1997), properly modelled the 
comprehensive yield stress and hindered settling 
function in the suspension bed, but not 
sedimentation above the bed [24]. The Kynch 
theory was developed by Garrido (2003) who 
modelled the sedimentation-consolidation process 
[25]. The Green (1997) theory was developed by 

De Krester (2003) and presented a relationship 
between the bed-depth and concentration [26]. 
Garrido and Burger (2003) also developed 
software for the design and simulation of batch- 
and continuous-thickening [27]. Furthermore, an 
algorithm was developed by Usher et al. (2005) to 
account for the underflow concentration and 
sediment bed of fundamental suspension 
properties [28]. This algorithm could not predict 
suspension properties in the shear process; 
Gladman (2005) improved this model by shearing 
the suspension, but did not consider aggregate 
densification [29]. Following on, Slotee (2005) 
presented the relationship between paste yield 
stress and particle size [30-32]; Nasser (2007) 
developed the Landman theory (1994) and 
investigated the effect of pH and electrolyte on 
thickener performance [33]. The suspension 
dewatering equations were developed by Usher 
and Scales (2009), based on the aggregate 
densification, whereby aggregate compacted and 
became smaller when subjected to forces in 
thickening process. They were modelled the 
liquid flow velocity around and through 
aggregates [34]. The validation of the Usher 
algorithm was studied by Gladman et al. (2010), 
who found that this model was most accurate at 
the shortest residence times and lowest bed 
heights, but less accurate for longer residence 
times and higher beds. This was due to changes in 
the dewatering properties of flocculated 
aggregates over time, which had not been 
adequately considered in the Usher algorithm 
[35]. Doucet (2010) understood that rise rate, 
resident time and bed depth were important 
parameters on paste thickener design [36]. Lester 
(2010) developed the 2-dimensional model of 
BW, using continuity, separation and transport 
equations in its modelling. Since it was difficult to 
solve this model computationally, a CFD method 
was used for modelling [37]. Van Deventer 
(2011) developed the Kynch theory, which was 
based on aggregate densification behaviour. 
Therefore, aggregate densification theory was 
used to predict the final equilibrium bed height by 
densification rate and bed compression. 
Moreover, the relationship between aggregate 
size and thickening time was obtained [38]. 

Most of the studies above focused on the 
effects of suspension properties in the 
dewatering process; however, few studies 
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have considered the effects of ore properties 
on the dewatering process. Thus, the aim of 
the current research was to study the effects of 
ore properties such as solid density, particle 
size and mineralogy on the thickening process 
in order to better understand dewatering 
behaviour and to present the nature of 
suspension in settling and compression. 

2. Materials and Methods 
Tailings samples from the Sarcheshmeh copper 
flotation plant in Iran were used in all 
experiments. As the hydrocyclone could separate 
particles based on their density and size, the 
tailings samples were initially and continuously 
introduced to a hydrocyclone via a centrally 

located pipe, thereby separating the tailings into 
two products as overflow and underflow samples. 
The particle size analysis and XRD test was 
carried out using these samples. The laboratory 
screens and a cyclosizer were used for particle 
size analysis, and the results are presented in 
Table 1. Solid density was determined using a 
pycnometer (100cm3) and the results are 
presented in Table 2, along with XRD analysis. 

Table 1. Particle size analysis. 

  Feed Overflow Underflow 
d80 (micron) 120 22 130 
d75 (micron) 105 20 110 
d50 (micron) 40 8 47 
d25 (micron) 8 2 11 

Table 2. XRD analysis and solid density of samples. 

Minerals Hydrocyclone 
Feed 

Hydrocyclone 
Overflow 

Hydrocyclone 
Underflow 

Aluminum Silicate (ClinoChlore, Illite, 
Chamosite, Anorthite) (%) 

75.6 80.5 70.4 

Quartz: SiO2 (%) 22 17 26.5 
Pyrite: FeS2 (%) 2.5 2.3 3.1 

Solid Density (g/cm3) 2.8 2.7 2.8 

 

To study the effect of ore properties on the 
thickening process, various experiments on the 
plant conditions for all samples were conducted. 
The samples were taken as a suspension from the 
hydrocyclone and were treated by waste water 
tailings, so that the thickening behaviour could 
only be attributed to ore properties. The samples 
were prepared to the required concentration, 
based on experimental conditions. In addition, the 
sample pH was 11, equal to industrial pH. A high 
molecular weight anionic polyacrylamide 
(NF43U from SNF) was then used to flocculate 
the suspension and prepare it at 0.25g/dm3, which 
is the industrial dosage. A 500cm3 cylinder was 
employed to study thickening behaviour and a 
chronometer was used to record the mud lines at 
different times in laboratory scale.  

The Plexiglass pilot column was 4m in 
height and 0.2m in internal diameter. The feed 
and flocculent were introduced at a column 
height of approximately 3m via a feed-well by 
peristaltic pump. Additionally, the dilution 
water was introduced at the same column 
height. Overflow was collected by a peripheral 
launder. The interface between the feed and 

clarified water could be observed. Suspensions 
were transferred to a hydrocyclone equipped 
with overflow and underflow boxes. Based on 
each experiment's conditions, the 
hydrocyclone overflow, underflow or feed 
were transferred to the pilot column.  

Shortly after filling the column, three zones 
became distinguishable. The top of the column 
was characterized by a clarified zone. In the 
middle zone, individual aggregates could be 
observed to settle and the lower zone was an 
opaque region in which solids settled at a 
slower rate. There was a marked interface 
between the middle and lower zones, termed 
here as the ‘‘bed height’’ or “bed depth”. It 
should be noted that this was not necessarily 
the point at which solids became networked. 
Several column experiments were undertaken 
and for each run, the column was allowed to 
operate for a sufficient time to reach the steady 
state, before sampling commenced. On this 
basis, steady state conditions took anywhere 
between 2 to 5 hours, depending on the bed 
height. After this time had elapsed, underflow 
samples were collected at 15 minute intervals. 
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No solids were recorded in the overflow for any 
conditions used in the experiments and the 
supernatant was always observed to be clear. 

3. Result and Discussion 
Since the amount of flocculent consumption in 
the paste thickeners was usually between 20 
and 40gpt, the laboratory tests were carried out 
with a wider range of rate, between 15 and 
60gpt; however, the pilot tests were performed 
on 25gpt. To study the sedimentation behaviour 
of the samples, a series of experiments were 
conducted in laboratory and pilot scales and the 
results are presented below. 

3.1. Laboratory scale 
A series of experiments were performed and 
the sedimentation curves are accordingly 
presented in Figures 1 to 3. As shown in Table 
2, the highest amount of feed was composed of 
clay minerals and quartz, and the highest 
amount of the hydrocyclone overflow sample 
was composed of clay minerals; the highest 
amount of quartz and metallic minerals was 
transferred to the hydrocyclone underflow 
sample. To study the mineralogical behaviour 
of the samples, the sedimentation experiments 
of hydrocyclone feed and underflow samples 
were compared. As can be seen in Figures 1 
and 3, the free-settling velocity of the feed 
sample was less than in the hydrocyclone 
underflow sample at different flocculent 
dosages and in the compaction zone, the final 
concentration of hydrocyclone underflow 
sample (0.45 to 0.48t/m3) was higher than in 
the feed sample (0.44 to 0.47t/m3). This 
stemmed from the reduction of clay content in 
the hydrocyclone underflow sample. 

According to the measurements and 
calculations, the solid mass fraction of 
hydrocyclone overflow and underflow were 10% 
and 90% of feed, respectively. Moreover, as per 
Figure 1, it was observed that a good 
concentration was obtained in the compaction 
zone by increasing the flocculent dosage to 30gpt. 
However, excessive flocculent dosage caused a 
reduction in bed concentration for the feed sample 
and accordingly, the final height values in the 
settling curve were increased to 64mm (for 20gpt) 
and 68mm (for 60gpt). The cotton-mode formed 
in this zone was the result of an increase in flock’s 

sizes, because the networked water remained 
inside the flocks. This case was also observed in 
the underflow sample (Fig. 3). A good 
concentration was obtained in the compaction 
zone by increasing the flocculent dosage to 25gpt 
in the hydrocyclone underflow sample and 
decreasing the height value to 62.5mm. 

By increasing the flocculent dosage more 
than 25gpt, the cotton mode was observed in 
the compaction region. This may have been due 
to interactions between particles in the feed and 
hydrocyclone underflow samples. Since there 
was a significant difference between feed and 
hydrocyclone overflow samples in terms of ore 
properties, a large difference was also found 
between their settling velocities (Fig. 4). A 
settling velocity between 0.15 and 0.4mm/sec 
was obtained for the overflow sample; this was 
between 2 and 6mm/sec for the feed sample 
(Fig. 4). As per Figures 1 and 2, the final height 
for the feed and overflow samples were about 
64mm and 92mm, respectively. In other words, 
the final concentration for the feed sample was 
higher than for the hydrocyclone overflow 
sample, which was dependant on ore properties. 
The cotton accumulation of flocks (Fig. 1) was 
also observed in the overflow sample.  

In order to compare the settling flux, the 
Wilhelm-Naide theory was applied and the 
results are given in Figure 5. The maximum 
settling flux for hydrocyclone underflow, 
overflow and feed samples were obtained at 9, 
0.23 and 12.5t/m2/hr, respectively. Additionally, 
the maximum concentrations in the underflow 
were obtained at 0.46, 0.32 and 0.48t/m3, 
respectively. In other words, the maximum 
settling flux and final concentration of 
hydrocyclone underflow and overflow samples 
were more and less than the feed sample, 
respectively. The initial flux values of the 
hydrocyclone overflow sample had been 
severely changed. This meant that the flocculent 
could not prevail in the initial turbulence that 
had been created, due to the low settling velocity 
of the hydrocyclone overflow sample. This 
behaviour was observed for a low dosage of 
flocculent in the feed sample (15gpt). Thus, the 
minimum amount of required flocculent will be 
obtained by studying the resistance between 
initial turbulence and settling velocity, which 
can be achieved in the settling flux curve. 
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Fig. 1. Feed sedimentation curves, left: overall view, centre: the linear part, right: the end part. 
 

Fig. 2. Hydrocyclone overflow sedimentation curves, left: overall view, centre: the linear part, right: the end part.  
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Fig. 3. Hydrocyclone underflow sedimentation curves, left: overall view, centre: the linear part, right: the end part. 

Fig. 4. Free-settling curves of samples. 
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3.2. Pilot scale 

3.2.1. The batch tests 
The batch tests were conducted in the start-up 
phase. After column start-up was completed, the 
bed of solids began to form and the relevant 
interface could be readily detected (by eye). The 
bed height gradually increased as solids 
accumulated and when the solid bed reached the 
desired height (0.5 to 2.5m), the time was 
recorded using a chronometer. Figure 6 presents 
the bed formation curves, where the column was 
discontinuously operated at different fluxes. The 
bed formation for the feed sample tended 
towards the overflow curve at low flux 
(10t/m2/day) and to the underflow curve at high 
flux (28.5t/m2/day). In other words, the longer 
time at lower flux created an opportunity for fine 
particles to settle easily. Therefore, the high solid 
density and particle size did not play a decisive 
role in bed formation, their effects instead 
appearing at higher flux. In addition to flux, the 
bed formation depended on the compressibility 
caused by smooth slope changes in some parts 

of the curves. The bed compression usually 
occurred at a 2 to 2.5 m height. This was not 
observed in the hydrocyclone overflow and 
underflow samples, except in the hydrocyclone 
overflow sample with a higher flux 
(28.5t/m2/day). This was repeated in the feed 
sample, which may have been due to the coarser 
and finer particle interactions or the interaction 
of clay, quartz and metallic minerals. Therefore, 
it was postulated that the particle size 
distribution and the dominant minerals in the 
samples would cause this effect. Furthermore, it 
was observed that the bed formation rate of fine 
particles was faster than for coarse particles, 
while the free-settling velocity of fine particles 
was slower. This was due to the packing of 
particles on top of each other during settling. 
Clays and finer particles typically stacked into a 
honeycomb structure. Honeycomb-packing 
retained large amounts of water, as water filled 
the voids formed by the honeycomb structure 
and it was therefore not sufficiently compacted. 

  

  

Fig. 6. The bed formation curves for different fluxes.
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3.2.2. The continuous tests 
For the continuous tests, several column 
experiments were performed. The results of 
solids flux, bed height and ore properties for 
each run are presented in Figure 7 and Table 3. 
The bed height was allowed to increase to 
approximately 80% of the target height, at which 
point the underflow pump was turned on. This 
was done to compensate for the slow dynamic 
response in the column. In practice, the 
underflow pump speed needed to be periodically 
adjusted to keep the bed height constant, due to 
variations in underflow solid content. Therefore, 
the underflow rate varied with the variation of 
the underflow pump speed for controlling the 
bed height. Over the course of a run, the bed 
height was maintained within 10% of the 
nominal height. In the first period of time for 
each run, the average underflow rate increased, 

which corresponded to a decrease in underflow 
solid concentration as the system moved to the 
steady state. Furthermore, the underflow solid 
content was initially unsteady. After some time, 
this fluctuation faded away and the underflow 
solid content remained fairly constant. For each 
run, the column was allowed to operate for a 
sufficient time in order to achieve the steady 
state prior to sampling commencing. On this 
basis, the steady state conditions took anywhere 
from two to five hours, depending on the bed 
height. Once this period of time had elapsed, 
column underflow samples were collected at 15 
minute intervals. No solids were recorded in the 
overflow for each condition used in the 
experiments and the supernatant was always 
observed to be clear. Results for the experiments 
are presented below. 

  
Fig. 7. Underflow throughput as a function of underflow concentration at different fluxes and bed depths. 

Table 3. The underflow concentration at different bed heights and fluxes. 

Flux (t/m2/day) height (m) Feed Overflow Underflow Flux (t/m2/day) Feed Overflow Underflow 

28.5 

0.5 1.28 1.16 1.38 

14.3 

1.37 1.19 1.42 

1 1.37 1.18 1.4 1.4 1.22 1.52 

1.5 1.4 1.2 1.45 1.43 1.25 1.54 

2 1.45 1.23 1.48 1.46 1.26 1.58 

2.5 1.49 1.25 1.53 1.55 1.29 1.65 

20 

0.5 1.3 1.18 1.4 

10 

1.37 1.2 1.45 

1 1.38 1.21 1.45 1.4 1.25 1.52 

1.5 1.41 1.22 1.49 1.44 1.27 1.55 

2 1.45 1.24 1.57 1.46 1.28 1.58 

2.5 1.5 1.27 1.6 1.56 1.3 1.65 
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3.2.2.1. Settling flux and underflow 
concentration 

The variation of thickener underflow 
throughput versus underflow concentration at 
different fluxes and bed height are shown in 
Figure 7. The underflow throughput of the 
hydrocyclone overflow sample was higher 
than in the hydrocyclone underflow and feed 
samples at different fluxes. This was due to 
the rapid bed formation in the hydrocyclone 
overflow sample. Additionally, the difference 
between underflow throughputs for the 
hydrocyclone overflow sample at different 
flux was higher than for the other two 
samples. For instance, the underflow 
throughput at a settling flux of 28.5 and 
10t/m2/day was 94 and 27lit/hr, respectively, 
at a height of 2.5 m, the difference for which 
was 67lit/hr. On the other hand, the underflow 
throughput for the hydrocyclone underflow 
sample was 45 and 13lit/hr, respectively, the 
difference for which was 32lit/hr; the reason 
for this was because the compressibility of the 
hydrocyclone underflow sample was higher 
than for the hydrocyclone overflow sample.  

In addition to compressibility, permeability 
was the other effective parameter on the paste 
thickener's performance. This parameter was 
much more evident in at higher flux. The bed 
height had little effect on the underflow 
concentration at high flux; this was because 
there had not been enough time for 
compression in the thickener and underflow 
concentration was dependent on permeability. 
In this case, the thickener worked based on 
underflow throughput and settling rate. Thus, 
thickener performance decreased and the 
changes in ore properties were able to severely 
affect thickener performance. The packing of 
particles on top of one another during settling 
influenced rheology and the solid content of the 
thickened underflow. The most familiar 
packing type is referred to as “edge-face,” also 
known as the “house of cards,” “face-face,” and 
“band structure” packing relationship [39]. 
Clays and finer particles, of which there were 
more in the HO sample, typically stacked into a 
honeycomb structure. Honeycomb-packing 
retains large amounts of water, as water fills the 
voids formed by the honeycomb structure. 
Great effort and highly effective dewatering 

systems are required to remove this interstitial 
water, and thickener performance is decreased 
when this type of packing occurs. 

Since the permeability of clay was very low, 
the thickener performance was expected to 
decrease when increasing the clay content in 
the ore. In this case, the lower flux was 
preferred, because by doing so the retention 
time increased and caused the thickener 
performance to increase. The bed depth had a 
significant effect on increasing the underflow 
concentration at lower flux. In the 
hydrocyclone overflow sample, decreasing the 
flux from 28.5 to 10t/m2/day caused an increase 
in the underflow concentration from 1.25 to 
1.3t/m2/day at a height of 2.5 m. Furthermore, 
this phenomenon was observed in the 
hydrocyclone underflow sample, which had a 
lower amount of clay content. In this sample, 
decreasing the flux from 28.5 to 10t/m2/day 
caused an increase in the underflow 
concentration from 1.53 to 1.65t/m2/day at a 
height of 2.5 m. The increase in the thickener 
underflow concentration in the hydrocyclone 
overflow sample was 0.05t/m3 and 0.12t/m3 in 
hydrocyclone underflow sample. This meant 
that the compressibility and permeability of the 
hydrocyclone underflow sample was much 
better than in the overflow sample. 

As stated above, the solid mass fraction of 
hydrocyclone overflow and underflow were 
10% and 90% of feed, respectively. The 
underflow concentration of hydrocyclone feed 
and underflow samples at a settling flux of 
14.3t/m2/day was 1.55 and 1.65t/m3, 
respectively, at a height of in 2.5 m. This 
significantly increased the underflow 
concentration; additionally, this effect was 
observed at other fluxes. Therefore, ore 
properties can be seen to play a decisive role in 
paste thickener performance. It was observed on 
batch tests that the thickening behaviour of the 
feed sample tended toward the overflow curve at 
low flux (10t/m2/day) and toward the underflow 
curve at high flux (28.5t/m2/day). However, in 
continuous tests, the behaviour of the feed 
sample on underflow concentration tended 
toward the behaviour of the hydrocyclone 
underflow sample at high flux (28.5t/m2/day), 
and tended toward both the hydrocyclone 
overflow and underflow samples' behaviour at 



Unesi et al./ Int. J. Min. & Geo-Eng., Vol.48, No.1, June 2014 
 

111 

 

low fluxes. The impact of aluminosilicates on 
underflow concentration increased by decreasing 
the flux to 14.3t/m2/day; further flux decreasing 
did not have a significant effect on underflow 
concentration. 

3.2.2.2. Bed depth 
As noted above, decreasing flux impacted 
underflow concentration and bed depth; 
however, this impact was limited and further 
flux reduction removed this effect. This issue 
was considered in the feed sample at 10 and 
14.3t/m2/day. As shown in Table 3, the 
underflow concentration for both fluxes at a 
2.5 m height was 1.55t/m3 and at other heights 
(0.5, 1, 1.5 and 2 m) were 1.37, 1.4, 1.43 and 
1.46t/m3, respectively. This behaviour was 
observed in all bed depths for the feed sample 
and in over one metre bed depth for the 
hydrocyclone underflow sample; it was not 
observed in the hydrocyclone overflow 
sample. It can be assumed that this behaviour 
will be observed at a height of more than 2.5 
m or less than 10t/m2/day fluxes for the 
hydrocyclone overflow sample. This sample 
needs further time to be compressed, which 
can be obtained at a higher depth or lower 
flux. Additionally, further pressure will apply 
at higher depths. 

It is therefore understood that there was a 

difference in the flocks' network formation, 
which occurred due to particles' interaction. 
This interaction provided a link between bed 
depth and underflow concentration, which had 
not been observed in previous studies. This 
phenomenon therefore depends on ore 
properties such as particle size, solid density 
and mineralogy (clay content, quartz and 
metallic minerals). Based on the above, 
optimum flux and bed depth can be obtained 
for the desired underflow concentration in 
thickener design.  

3.2.2.3. Fractional water recovery 
The fractional water recovery was defined as 
the water overflow flow rate divided by the 
total flow rate of water fed to the column, 
assuming that all solids left via the underflow. 
Table 4 shows that a higher bed depth and 
lower flux increased water recovery, and that 
the fractional water recovery of the 
hydrocyclone underflow sample was higher 
than in the overflow sample. For example, the 
water recovery for the hydrocyclone feed, 
overflow and underflow samples at 
20t/m2/day flux and a height of 2.5m were 
63.80%, 63.36% and 69.23%, respectively. 
Therefore, the fractional water recovery would 
be an alternative method for determining 
thickener performance. 

Table 4. The fractional water recovery in different bed heights and fluxes. 

Flux (t/m2/day) Height (m) Feed Overflow Underflow Flux (t/m2/day) Feed Overflow Underflow 

28.5 

0.5 24.41 33.41 42.51 

14.3 

46.19 45.02 49.45 

1 46.19 41.58 46.15 51.27 53.46 62.13 

1.5 51.27 48.11 53.85 55.64 59.87 64.10 

2 58.23 55.78 57.69 59.44 61.68 67.64 

2.5 62.77 59.87 63.13 68.35 66.36 72.78 

20 

0.5 30.38 41.58 46.15 

10 

46.19 48.11 53.85 

1 47.97 50.91 53.85 51.27 59.87 62.13 

1.5 52.79 53.46 58.87 55.64 63.36 65.03 

2 58.23 57.91 66.80 59.44 64.91 67.64 

2.5 63.80 63.36 69.23 69.16 67.71 72.78 

  

4. Conclusion 
- It was concluded that ore properties can 
significantly affect thickener performance 
(free-settling velocity and final concentration). 

It was observed that the free-settling velocity 
of feed (2 to 6mm/sec) was less than in the 
hydrocyclone underflow sample (2 to 
7mm/sec) and the final concentration of the 
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hydrocyclone underflow sample (0.45 to 
0.48t/m3) was higher than in the feed sample 
(0.44 to 0.47t/m3). Additionally, the settling 
velocity and final concentration of the 
overflow sample were obtained as 0.15 to 
0.4mm/sec and 0.32t/m3, respectively, which 
was significantly less than for the feed sample. 
This was due to the amount of clay reduction 
in the underflow sample and particle size and 
density reduction in the overflow sample. 

- The bed formation behaviour of the feed 
sample tended toward the overflow sample at 
low flux (10t/m2/day) and toward the 
underflow sample at high flux (28.5t/m2/day) 
in intermittent pilot tests. In other words, the 
longer time at lower flux caused an 
opportunity for fine particles to settle easily. 
Therefore, high solid density and particle size 
did not play a decisive role in bed formation at 
lower flux, but their effects were noted at 
higher flux. 

- The underflow throughput of the 
hydrocyclone overflow sample was higher 
than for the hydrocyclone underflow and feed 
samples at different flux, which was due to the 
rapid bed formation and lower compressibility 
in this sample. 

- Permeability was another effective 
parameter and was more evident at higher 
flux, because there was not enough time for 
compression to occur in the thickener. In this 
case, the thickener functioned based on 
underflow throughput and settling rate. Thus, 
thickener performance will be decreased and 
changes in ore properties can severely affect 
the thickener's performance. 

- The underflow concentration increased by 
decreasing the flux from 28.5 to 10t/m2/day. 
The amounts to which the concentration was 
increased in the hydrocyclone overflow and 
underflow samples at a height of 2.5m were 
0.05t/m3 and 0.12t/m3, respectively. 
Additionally, the underflow concentration for 
the hydrocyclone feed and underflow sample 
at 14.3t/m2/day was 1.55 and 1.65t/m3, 
respectively, at a height of 2.5m. This meant 
that the compressibility and permeability of 
the hydrocyclone underflow sample was much 
better than for the overflow sample. 
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