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a b s t r a c t

The aim of gravity thickening processes is to increase the solids concentration of particulate slurries.
Gravity thickening depends on the difference in densities between the solid and liquid phases. The solids
settle to a more concentrated slurry zone towards the underflow at the thickener base, while relatively
solids free liquid rises to the overflow at the top. Predictive modelling of gravity thickener performance
from experimentally determined material properties has been shown to under predict throughput by
a factor of up to 100. One phenomenon proposed to account for some of this discrepancy is aggregate
densification, whereby aggregates compact and become smaller when subjected to shear forces in the
thickening process. As the aggregates decrease in size, through densification, the tortuosities around

the aggregates will decrease, thus leading to a significant net decrease in the resistance to fluid flow.
Dewatering theory has been applied to predict the impact of aggregate densification on the material
properties that describe dewatering. The anticipated decrease in aggregate size and associated increase
in the density of these aggregates is expected to increase the settling rate. It is further expected on this
basis that the material will settle to higher solids concentrations. The impact of these changes on gravity

s mo
thickening performance i

. Introduction

Gravity thickening is a critical water recovery and tailings man-
gement unit operation in the minerals and other industries. The
im of thickening is to increase the solids concentration of par-
iculate slurries. Gravity thickening depends on the difference in
ensities between the solid and liquid phases. The solids settle to a
ore concentrated slurry zone towards the underflow at the thick-

ner base, while relatively solids free liquid rises to the overflow at
he top. Materials are usually characterised for thickening through
ressure filtration techniques and batch settling tests [1–4]. The
roperties characterised generally describe the potential extent and
ate of dewatering, often quantified as the compressive yield stress,
y(�), and the hindered settling function, R(�) [5]. These material
roperties, Py(�) and R(�) can be used in 1D models, and pseudo
D models accounting for thickener cross-sectional area variations,

n order to predict the performance of gravity thickeners [6].

1D thickening performance predictions based on gel point, R(�)

nd Py(�) estimated from batch settling and pressure filtration tests
an sometimes underestimate the throughput by a significant fac-
or. It was shown that solids throughput in red mud thickener
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delled and predicted to be significant.
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operations can be up to 100 times higher than predicted [6,7]. With
continuous tall column experiments, Gladman [8] showed that the
addition of shear in batch settling experiments enhanced the pre-
dicted dewatering (and hence the predicted throughput), but the
improvement was not sufficient to account for all of the observed
discrepancy between laboratory test based predictions and actual
thickener performance.

The algorithm used in the thickener predictions described above
is limited in that it does not account for material property changes
within a thickener as a result of changes in the structure of the mate-
rial due to shear processes. One phenomenon proposed to account
for some of the remaining discrepancy is aggregate densification
whereby aggregates compact and become smaller when subjected
to shear forces in the thickening process. Polymer flocculation of
aggregates is common in thickening processes to improve the sed-
imentation of particulate slurries. Such shear forces can arise at
concentrations less than and above the gel point, from raking pro-
cesses, sedimentation near and onto thickener walls and floors,
buffeting between aggregates, liquid flow around aggregates and
also through aggregates. This densification process is postulated

to be a relatively irreversible process due to the action of polymer
flocculant molecules in holding aggregates together.

The expectation is that when shear is applied, local pressure
gradients will be produced resulting in the expulsion of water
from the aggregates and subsequent densification. Given the initial

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:spusher@unimelb.edu.au
dx.doi.org/10.1016/j.cej.2009.02.027
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Fig. 1. Effect of aggregate densifica

ractal nature of flocculated aggregates produced in a pipe or
eedwell [9], this process is likely to result in a more homogeneous,
ess fractal aggregate [10]. Furthermore, as the aggregates decrease
n size, the tortuosities around the aggregates will decrease (i.e.
he permeability increases), thus leading to a decrease in the
esistance to fluid flow around and an increase in the resistance to
uid flow within the aggregates (see Fig. 1). Thus, it is postulated
hat by applying shear, additional dewatering occurs before the
ggregates reach the bed. However, it has been shown that there is
n optimum shear rate beyond which a further increase in the shear
ate would be detrimental to aggregate densification, implying a
rade off between densification and disintegration of aggregates
8].

Dewatering theory is being applied herein to predict the impact
f aggregate densification on the material properties that describe
ewatering including the compressive yield stress, Py(�), and hin-
ered settling function, R(�). The anticipated decrease in aggregate
ize and associated increase in the density of these aggregates is
xpected to increase the settling rate. It is further expected on this
asis that the gel point will increase and the compressive yield
tress function will reduce for a given solids concentration. Such
ehaviour is consistent with macroscopic observations of aggre-
ates sampled from a pilot thickener [8]. Mathematical expressions,
erived to account for the effect of aggregate densification on the
ompressive yield stress and hindered settling function have been
eveloped and are presented. These properties are subsequently
tilised to predict the theoretical impact of aggregate densification
n thickener performance.

. Theory of aggregate densification

Flocculated aggregates of particles, often referred to as flocs, can
e produced by the addition of high molecular weight polymers in
he feed well of a thickener. The flocculant forms chemical bridges
etween particles to create aggregates of much larger diameters
han their constituent primary particles. There is always a distribu-
ion of primary particle sizes and the aggregates formed also have a
istribution of sizes, with variations in aggregate composition and
article density as well.

For the purposes of this analysis, the aggregates will be approx-
mated as roughly spherical in shape, with an average diameter,
agg, quantifying the aggregate size. The overall suspension solids
oncentration is quantified through the solids volume fraction, �,
efined as the total volume of solid particles divided by the total

olume of suspension. However, the term �agg is used to quantify
he average solids volume fraction within the aggregates. Further,
he aggregate volume fraction, ϕ, is defined as the volume occupied
y aggregates divided by the total volume which is logically equal
o the overall solids volume fraction, �, divided by the local solids
n tortuosities between aggregates.

volume fraction within the aggregate, �agg, such that

ϕ = �

�agg
(1)

A fundamental theory of dewatering was developed by Bus-
call and White [11]. This theoretical framework forms the basis for
experimental methods which quantify the material properties that
describe the dewaterability of slurries as a function of solids vol-
ume fraction, �. The fundamental material properties employed by
the above theory are the gel point, �g, the compressive yield stress,
Py(�), and the hindered settling function, R(�). These properties
are introduced below with a theoretical analysis of how aggregate
densification affects these properties.

2.1. Gel point, �g, and compressive yield stress function, Py(�),
incorporating densification

As isolated aggregates settle to increasingly higher overall solids
volume fractions, they will eventually form a spanning network
structure at a critical overall solids concentration, known as the gel
point, �g. The solids volume fraction within an aggregate, �agg, is
intrinsically linked to this gel point, �g. For this analysis, the gel
point is assumed to be the solids volume fraction at which aggre-
gates form something near to a close packed structure such that,

�g = ϕp�agg, (2)

where ϕp is the aggregate packing volume fraction at the gel point.
This concept was explored in a previous publication [12]. The
aggregate network exhibits a compressive strength, quantified as
the compressive yield stress, Py(�), for all solids volume fractions
greater than the gel point, �g.

As aggregate densification occurs, assuming no aggregate
breakup, the aggregate diameter, dagg, decreases, causing the solids
volume fraction within the aggregates, �agg, to increase. Given that
the total amount of solids within an aggregate is constant, irre-
spective of how much an aggregate diameter might change through
densification, a material balance leads to the useful equality,

�aggd3
agg = �agg,0d3

agg,0, (3)

where �agg,0 and dagg,0 are the initial conditions before densifica-
tion. The variation in �agg as the aggregates densify is given by
rearrangement of Eq. (3) such that,
�agg = �agg,0

d3
agg,0

d3
agg

. (4)

Consequently, an increase in �agg during densification causes the
gel point, �g, to increase according to Eq. (2), thereby reducing the
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etwork strength over the range [�g, �agg]. Incorporating aggregate
ensification, Py(�), becomes:

y(�) =

⎧⎪⎨
⎪⎩

0 : � < �g

Py,1(�) : �g ≤ � < �agg

Py,0(�) : �agg ≤ � < �cp

⎫⎪⎬
⎪⎭ , (5)

here Py,0(�) represents the undensified compressive yield stress
unction, initially valid over solids volume fractions ranging from
he undensified gel point, �g,0, to close packing at �cp. Py,1(�) is
efined over the range (�g, �agg) such that it is zero at the gel point,
g, and touches the original undensified compressive yield stress

unction at the solids volume fraction within the aggregates, i.e.;

y,1(�g) = 0 (6)

nd

y,1(�agg) = Py,0(�agg). (7)

For the purposes of simplicity in this analysis, it will also be
ssumed that the gradient dPy(�)/d�, is single valued at � = �agg,
equiring that:

′
y,1(�agg) = P ′

y,0(�agg) (8)

.2. Hindered settling function, R(�), incorporating densification

The hindered settling function is defined as the hydrodynamic
esistance to liquor flow through a solids suspension as a function
f solids volume fraction. It is valid for all solids volume fractions
s it can be interpreted as either the movement of liquor past a col-
ection of solids or a particle through a liquid. The hindered settling
unction can also be viewed as being inversely proportional to the
ermeability of the suspension.

From the fundamental dewatering theory [11], we obtain the
ollowing expression for the free settling velocity of particles under-
oing sedimentation:

(�) = ��.g.(1 − �)2

R(�)
, (9)

here �� is the difference in density between the solid and liquid
hases (�sol − �liq) and g is acceleration due to gravity. The magni-
ude of R(�) is related to the hydrodynamic drag coefficient, �, and
he volume of a single particle, Vp, via

(�) = �

Vp
r(�), (10)

here r(�) is the hindered settling factor which has the following
imits:

(�) → 1 as � → 0,

(�) → ∞ as � → 1.

In this analysis, the settling velocity is assumed to have two con-
ributions; the first from the flow of liquid around aggregates, u1,
nd the second from the flow of liquid through aggregates, u2, such
hat,

(�, dagg) = u1 + u2. (11)

The flowrate of liquid around the aggregates, u1, is the dom-
nant contribution to the total settling velocity for unnetworked

uspensions at solids concentrations below the gel point, � < �g.
o determine u1, the aggregates are themselves modelled as ‘large
edimenting particles’.

In order to model the effect of aggregate densification within the
indered settling region all aggregates are assumed to be spherical
g Journal 151 (2009) 202–208

and of equal size. Thus, adapting the settling velocity relation of
Eq. (9), to describe the free settling velocity of aggregates, using the
concept of an aggregate volume fraction, ϕ, defined by Eq. (4) gives:

uagg(ϕ) = ��aggg(1 − ϕ)2

�agg
Vagg

ragg(ϕ)
, (12)

where ��agg = �agg − �liq = ��agg is the difference in density
between the aggregate and liquid phases, �agg is the hydrodynamic
drag on an aggregate, Vagg is the volume of an aggregate and ragg(ϕ)
is the hindered aggregate settling factor, analogous to the hindered
settling function for particles. Note that the aggregate density is
given by

�agg = �agg�sol +
(

1 − �agg

)
�liq, (13)

such that ��agg = �agg − �liq = ��.�agg . Also, as we have assumed
that the aggregates are spherical,

�agg = 3��dagg (14)

and

Vagg = �d3
agg

6
. (15)

Substitution of Eqs. (13)–(15) into Eq. (12) gives:

uagg(ϕ) = ��g

18�

�aggd3
agg

dagg

(1 − ϕ)2

ragg(ϕ)
. (16)

Substitution of the material balance in Eq. (3) into Eq. (16) yields
the following alternative expression for the liquid flowrate around
the aggregates,

u1 = uagg(ϕ) = ��g

18�

(
�agg0d3

agg0

) 1
dagg

(1 − ϕ)2

ragg(ϕ)
. (17)

The velocity contribution due to the flow of liquid through the
aggregates, u2, is given by the settling velocity at the solids volume
fraction within the aggregate, u(�agg), normalised by the aggregate
volume fraction, ϕ, to account for the cross-sectional area of the
aggregates relative to the total cross-sectional area, such that,

u2 = ϕ.u(�agg) = ϕ.
��.g.

(
1 − �agg

)2

R(�agg)
. (18)

The potential effect of aggregate densification on the settling
velocity and also the effective hindered settling function can now
be determined.

Values for the nominal average aggregate size and density are
determined, such that these values are consistent with the material
properties. The settling velocity of an isolated aggregate, u(0), is
determined from the hindered settling function by substitution of
� = 0 in Eq. (9), to give:

u(0) = ��.g

R(0)
(19)

Assuming that the liquid flow through the aggregate is negligible
relative to the flow of liquid around the particle, Stokes law can be
applied for an aggregate, giving:

u(0) = ��agg.g.dagg
2

18�
, (20)

where � is the liquid viscosity and dagg is the aggregate diameter.

Rearranging Eq. (20) gives the following expression for the initial
aggregate diameter:

dagg,0 =
√

18u(0).�
��agg,0.g

, (21)
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Table 1
Variation of Py(�), function parameters (Eq. (25)) with extent of aggregate densi-
fication, dagg/dagg,0, ranging from 1 to 0.75 given �agg,0 = 0.1667, ϕp = 0.6, �g,0 = 0.1,
�cp = 0.8, b = 0.002, a0 = 0.9 and k0 = 11.

dagg
dagg,0

�agg �g a1 k1

1.00 0.1667 0.1000 0.9000 11.000
0.95 0.1944 0.1166 0.8677 10.428
0.90 0.2286 0.1372 0.8594 10.363
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densification extents ranging from the original aggregate diameter,
dagg,0, to dagg/dagg,0 = 0.75. This data is similar in form to experi-
mental data measured by Gladman [8] for sheared sedimentation
of aggregates.
.85 0.2714 0.1628 0.8615 10.469

.80 0.3255 0.1953 0.8676 10.618

.75 0.3951 0.2370 0.8747 10.757

A consistent hindered aggregate settling factor, ragg(ϕ) is deter-
ined by rearranging the terms in u(�,dagg,0) = u(�) = u1 + u2 from

qs. (9), (17) and (18) to give:

agg(ϕ) = ��.g

18�

�agg0d3
agg0

dagg

(1 − ϕ)2(
u(�) − ϕ.u(�agg)

) , (22)

hich is valid for all aggregate volume fractions from 0 to 1.
The effective hindered settling function subject to aggregate

ensification, R(�,dagg), is determined from a rearrangement of Eq.
9) to give:

(�, dagg) = ��.g.(1 − �)2

u(�, dagg)
, (23)

uch that u(�,dagg) is determined using Eqs. (17) and (18).

. Model densification case study

Functional forms and parameter values for undensified Py(�)
nd R(�) properties have been chosen such that they are represen-
ative of flocculated industrial slurries produced in the feedwells of
arge scale gravity thickeners. Six cases are presented, representing
range of aggregate densification extents varying from the original
ndensified structure with diameter dagg,0 to aggregates that have
ensified to 75% of their original diameter, 0.75 dagg,0. Application of
he densification theory above, in a model case study, demonstrates
ow Py(�) and R(�) are predicted to change when the aggregates
ensify. Further, these modified properties are used to predict the

mpact of aggregate densification on steady state thickener perfor-
ance.

.1. Network strength

Using the assumed initial values, �g,0 = 0.1 and ϕp = 0.6, Eq. (2)
nables determination of the initial solids volume fraction within
he aggregate, �agg,0 = 0.1667. In this model case study, the unden-
ified compressive yield stress function, Py,0(�), which is greater
han zero for all solids volume fractions greater than the undensi-
ed gel point, �g,0, up to a close packing solids volume fraction, �cp

assumed = 0.8 in this analysis), is given by

y,0(�) =
(

a0(�cp − �)(b + � − �g,0)
(� − �g,0)

)−k0

, (24)

here the function parameters a0, k0 and b have assumed values
f 0.9, 11 and 0.002, respectively. Incorporating aggregate densifi-

ation, the Py,1(�) function described in Eq. (5) becomes:

y,1(�) =
(

a1(�cp − �)(b + � − �g)
(� − �g)

)−k1

(25)
g Journal 151 (2009) 202–208 205

where a1 and k1 are determined such that the gradient dPy(�)/d�,
is smooth and continuous at � = �agg, giving:

k1=
(

P ′
y,0(�agg)

Py,0(�agg)

) (
�cp − �agg

)(
�agg − �g

)(
b + �agg − �g

)
b
(

�cp − �g

)
+

(
�agg − �g

)2
(26)

and

a1 =
(

Py,0(�agg)
)−1/k1

(
�agg − �g

)
(

�cp − �agg

)(
b + �agg − �g

) , (27)

where from Eq. (24),

Py,0(�agg) =
(

a0(�cp − �agg)(b + �agg − �g,0)
(�agg − �g,0)

)−k0

(28)

and the gradient P ′
y,0(�agg) is calculated to be:

P ′
y,0(�agg) = −a0k0

(
(�cp−�g,0)
(�agg−�g,0) − 1 − (�cp−�g,0)(b+�agg−�g,0)

(�agg−�g)2

)
(

a0
(

b + �agg − �g,0
)(

(�cp−�g,0)
(�agg−�g,0) − 1

))k0+1

(29)

As aggregate densification occurs, the aggregate diameter, dagg,
decreases and according to Eqs. (2) and (4), �agg and �g, are
predicted to increase, as shown in Table 1, demonstrating the signif-
icant increase in aggregate densification that can be obtained, from
only a minor change in aggregate diameter. The corresponding val-
ues of a1 and k1, determined using Eqs. (26)–(29), are also shown
in Table 1. Given the parameters listed in Table 1, the compres-
sive yield stress function has been graphed, in Fig. 2, for aggregate
Fig. 2. Example of compressive yield stress function, Py(�), curves using the func-
tional form given by Eq. (5), (24) and (25) and parameter values given in Table 1
for a range of aggregate densification extents ranging from the original aggregate
diameter, dagg,0, to dagg/dagg,0 = 0.75.
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ig. 3. Example of hindered settling function, R(�), curve fit using the functional
orm given by Eq. (30) with parameter values ra , = 5 × 1012, rb , = 0, rg = −0.05 and
n = 5.

.2. Rate of dewatering

A model hindered settling function equation is given by

(�) = ra

(
� − rg

)rn + rb, (30)

here ra, rb, rg and rn are empirical fitting parameters. A curve using
arameter values representative of a flocculated mineral tailings
lurry is shown in Fig. 3.

Using the R(�) parameter values (ra, = 5 × 1012, rb, = 0, rg = −0.05
nd rn = 5), the hindered settling function of an isolated aggregate
s calculated to be, R(0) = 1.5625e+06 kg s−1 m−3. Given typical val-
es for the solids density, � = 3200 kg m−3 and the liquid density,
sol

liq = 1000 kg m−3, �� = 2200 kg m−3 and g = 9.8 m s−2 in Eq. (19),
he undensified isolated aggregate settling velocity is calculated to
e, u(0) = 0.013798 m s−1. Given the initial solids volume fraction
ithin the aggregate, �agg,0 = 0.1667, the initial aggregate density,

ig. 4. Variation of aggregate-liquid density difference with aggregate solids volume
raction.
Fig. 5. Variation of suspension settling velocities with solids volume fraction, where
u is the total settling velocity, u1 is the velocity component which flows around the
aggregates and u2 is the velocity component which flows through the aggregates.

�agg,0 = 1366.7 kg m−3 is calculated from Eq. (13), to give the initial
aggregate to liquid density difference, ��agg,0 = 366.7 kg m−3. Using
Eq. (21) with the liquid viscosity, � = 0.001 Pa s, the initial aggregate
diameter, dagg,0 is calculated to be 262.9 �m.

As the solids volume fraction within an aggregate increases,
the gravitational impetus for settling would improve because the
density difference between the aggregate and liquid increases sig-
nificantly, as shown in Fig. 4. The total, internal and external flow
velocity contributions, determined from Eq. (9) for u, Eq. (18) for
u2 and by difference for u1 are shown in Fig. 5, demonstrating that
flow through the aggregates is only expected to be significant rela-

tive to the flow around the aggregates as the solids volume fraction
approaches and exceeds that inside the aggregates. The calculated
hindered aggregate settling factor, ragg(ϕ), determined using Eq.
(22) and shown in Fig. 6, is assumed to be generic and not subject to
change as aggregates densify. Note that ragg(ϕ) is not defined when

Fig. 6. Variation of hindered aggregate settling factor with aggregate volume frac-
tion, derived from hindered settling function and aggregate solids volume fraction.
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the PE is dominated by the improvement in permeability quantified
ig. 7. Variation of overall settling velocity and hindered settling function versus
olids volume fraction for a range of aggregate densification extents ranging from
he original aggregate diameter, dagg,0, to dagg/dagg,0 = 0.75.

> 1, or alternatively � > �agg, because conceptually the aggregates
re fully networked with no gaps, such that u1 = 0 and only flow
hrough the aggregates is relevant. The validity of the Stokes law
ehaviour assumption, for Eq. (12), relies on the Reynolds num-
er being low. In the modelling presented, the maximum Reynolds
umber, Re ≈ 8 at � = 0, reducing to Re � 1 as � increases. Though
tokes Law loses accuracy for Re > 1, this loss of accuracy is not
xpected to significantly affect the effective permeability enhance-
ent predicted in this analysis.
The variation of the total settling velocities, u(�,dagg), ver-

us solids volume fraction for a range of aggregate densification
xtents is shown in Fig. 7, demonstrating the significant potential
or improvement in settling velocity from aggregate densification.
ig. 7 shows the variation of the effective hindered settling func-
ion subject to aggregate densification, R(�,dagg), determined from

q. (23). For solids volume fractions up to the aggregate volume
raction, significant reductions in the hindered settling function
re predicted. For higher solids volume fractions, no additional
mprovement is predicted.
Fig. 8. Steady state thickener performance predictions in terms of solids flux versus
solids volume fraction, �, for a range of aggregate densification extents ranging from
the original aggregate diameter, dagg,0, to dagg/dagg,0 = 0.75.

The improvement in permeability is predicted to increase sig-
nificantly with aggregate densification, such that when dagg/dagg,0 =
0.75, the maximum predicted improvement is a factor of 48. For
each aggregate diameter, the maximum predicted improvement
occurs when ϕ is in the range 0.6–0.75. When ϕ > 1, no improvement
in the permeability is predicted. However, it is of interest to discuss
what ϕ physically represents when the slurry becomes networked.
A simple interpretation is that at solids concentrations above the
gel point, it is the interstices between the aggregates that are elim-
inated first, before subsequent compression of the cake occurs. In
this way, the suspension structure will become more homogeneous
as the solids concentration increases until the structure is inde-
pendent of its formation conditions. Though not predicted by this
analysis, permeability improvement could also occur at high solids
concentrations, ϕ > 1 or � > �agg, but theoretical prediction of this
behaviour would be difficult.

4. Thickener performance: theoretical prediction

The dewatering material properties, Py(�) and R(�), described
above for a range of aggregate densification extents, have been used
as inputs in steady state thickener performance predictions for a
straight sided thickener using an algorithm described by Usher and
Scales [6]. These thickener performance predictions, in terms of
solids flux versus underflow solids volume fraction are shown in
Fig. 8 for operation with a feed solids volume fraction of 0.05 and
2 m of bed height. These predictions demonstrate significant poten-
tial for aggregate densification to improve both the rate and extent
of dewatering in thickener operation.

Performance enhancement factors, PE = solids flux (densi-
fied)/solids flux (original), have been calculated and are shown in
Fig. 9 as functions of solids volume fraction for a range of aggregate
densification extents. The performance enhancement is predicted
to increase significantly with aggregate densification. At high solids
fluxes and low underflow solids concentrations, the magnitude of
by the hindered settling function, R(�). However, at low solids fluxes
and high underflow solids concentrations, changes in Py(�) also
influence performance, increasing the maximum possible under-
flow solids volume fraction with the extent of densification.
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[11] R. Buscall, L.R. White, The consolidation of concentrated suspensions, J. Chem.
ig. 9. Performance enhancement factor, PE, versus solids volume fraction, �, for a
ange of aggregate densification extents ranging from the original aggregate diam-
ter, dagg,0, to dagg/dagg,0 = 0.75.

The peak in the performance enhancement graph for small
xtents of densification could be used as a guide to indicate the
ptimum extent of dewatering for a given extent of densification in
thickener.

Experimental observations of aggregate densification can be
btained from raked settling tests and also from fluidisation tests
8], providing knowledge of the residence time and shear rate
istory dependence. It is expected that the combination of such
xperimental data and this aggregate densification theory will be
sed to predict how the rate at which aggregates densify within a
hickener, as the solids concentration increases. Subsequently, there
s potential for geometric factors such as cross-sectional area varia-
ion and shear processes to be optimised to maximise performance
nhancement throughout the thickening process. It is currently an
pen question as to the significance of aggregate densification in
ausing improved dewatering in practice. However, observations

rom laboratory and fieldwork are consistent with the densifica-
ion hypothesis described herein. Even if densification is not the
verwhelmingly dominant contributor, it would seem to be highly
esirable to develop thickening techniques that cause densification
henomena to be optimised.

[

g Journal 151 (2009) 202–208

5. Conclusions

Dewatering theory has been developed to include the effect
of aggregate densification on material properties that describe
the rate and extent of dewatering. It has been demonstrated that
aggregate densification enables increased sedimentation velocity
to higher solids concentrations and would account for some of
the performance enhancement observed in thickening processes.
Depending on the solids concentration and extent of densification,
performance improvements by up to a factor of 50 are predicted.
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