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Abstract

An algorithm has been developed to predict steady state thickener operation from fundamental material properties, properly accounting for
compression of the suspension network structure within the sediment bed. The material properties include the compressive Agld)stress,
and the hindered settling functioR(¢). Py(¢) reflects the suspension network strength as a function of solids volume fractdrile R(¢)
is inversely related to the permeability. The required inputs to the model inBlfgandR(¢) curve fits, thickener diameter as a function of
height, solids density, liquid density and feed solids volume fraction. The model output is either solids throughput or solids flux as a function
of underflow solids concentration, for a range of suspension bed heights. As a bonus, the solids residence time in the suspension bed can alsc
be determined.

The algorithm involves prediction of the solids throughput versus underflow solids concentration in two parts; free settling (clarification)
and compression within the suspension bed (thickening). The free settling prediction utilises an adaption of the simple Coe and Clevenger
method, while prediction of compression in the bed is achieved through integration of a differential equation developed from the fundamental
dewatering theory of Buscall and White. The limiting steady state solids flux is the minimum of the two predicted values for each underflow
solids concentration and bed height.

In just minutes, this algorithm can produce tabulated and graphical results providing useful insights into the inter-relationship between
solids throughput, bed height and underflow solids concentration. For steady state thickener operation, the outputs reveal three general modes
of stable operation; permeability limited at high solids fluxes, compressibility and permeability dependant at intermediate solids fluxes and
compressibility limited at very low solids fluxes. Knowledge of the conditions under which each of these modes is applicable enables process
operators to understand the effect of variations in process conditions and assists in process optimisation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction terial properties, such as permeability, compressibility and
shear rheology, this type of empirical method does not en-
Thickening is a process that occurs in any type of clari- able quantitative prediction of thickener performance.
fier, washer or settler that concentrates solids via settlingand Compressive yield stress and permeability have been es-
formation of a network structure or bed. Many incremen- tablished as fundamental physical properties that determine
tal improvements in the performance of industrial thickeners suspension dewaterability]. Experimental techniques have
have been based on selecting conditions that produce debeen developed to allow rapid and comprehensive dewater-
sired properties in settling test behaviour. Examples include ability characterisation over a wide range of solids concentra-
selecting conditions that produce the desired settling rate, fi- tions using batch settling, gravity permeation, centrifugation
nal sediment solids concentration, viscosity or shear yield and pressure filtration tesi2—6].
stress. Though well entrenched and loosely based on ma- Numerous author§7—9] have presented fundamentally
based equations and computational algorithms for predicting
* Corresponding author. Tel.: +61 3 8344 6480; fax: +61 38344 4153,  transient thickener performance. The outputs of these algo-
E-mail addresspeterjs@unimelb.edu.au (P.J. Scales). rithms enable understanding of how long it takes for process
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variations to have their effect on process performance. Thepumped. The relationship betwesy(¢) andPy(¢) has been

key disadvantage of these methods is their complexity, of- measured for a number of systems and generally follows a

ten resulting in significant computation time, enabling only fixed ratio up to a critical concentrati¢h4,15].

a small number of conditions to be modelled. Prediction of

steady state thickening performance is computationally sim- 2.1. Material property characterisation

pler than the transient counterpart, thus enabling a wider

range of conditions to be modelled. Again, numerous au- A detailed protocol for the quantification of the dewatering

thors[2,3,10-12]have presented fundamentally based equa- parameters to be used as inputs to the dewatering model, has

tions and algorithms to predict steady state thickener perfor- been established. The experimental techniques employed are

mance. Methods presented by Gré&lnLandman et a[11] generic to the assessment of dewatering performance in a

and Landman and Whitd 2] properly modelled consolida-  range of industries. Techniques of relevance include batch

tion in the suspension bed, but not sedimentation above thesettling test§2—4] for permeability analysis at low solids

bed. The methodologies of Garrido et[dl0] and Ushei2] and for compressibility analysis at solids near the gel point

are mathematically consistent, but apply very different com- and stepwise pressure filtratigs,6] for permeability and

putation algorithms and present outputs differently. Garrido compressibility analysis at higher solids. Other techniques

et al.[10] present outputs as solids concentration profiles in including gravity permeatiof2] and centrifugatiofid] have

the bed as a function of volumetric throughput rather than also been developed. The shear yield stress can typically be

solids throughput, which sometimes obscures understandingcharacterised over a range of solids concentrations using a

of how to optimise a process. This paper introduces the al- vane rheometdfl9,20] or slump tesf21].

gorithm by Ushel2] for which a modelling tool has been Once obtained, the experimental data can be fitted with

developed to facilitate prediction using curve fits of experi- curves such as those proposed by Landman ¢1 ). The

mentally determined dewaterability data with the fundamen- most commonly utilised functional forms are given by:

tally based mathematical theory of Buscall and Wiite "

The technique predicts the steady state solids throughput forpy(¢) —k <<¢> — 1) for ¢ > ¢g, )

a given feed solids concentration and thickener dimensions bg

as a function of suspension bed height and underflow solidsR(¢) — w(1— ¢)" 3)

concentration. Presenting performance prediction outputs in ’

this manner enables improved understanding of how processwherePy(¢) =0 for ¢ < ¢4 andk, n, w andm are empirical

variables influence thickener output. fitting parameters. Unfortunately, these functional forms have
been found to be too rigid and thus unable to provide an
adequate fit to experimental data that spans a wide range

2. Material properties of solids concentration&]. Two alternatives that have been
shown to provide a better fit are:

As a prelude to introducing the computational algorithm, o

itis important to understand the material properties involved. Py(¢) = <1 — <¢9) > e’ for ¢ > dg, (4)

The gel pointgg, represents the solids concentration at which ¢

the suspension forms. a contl'n.uou.sly networked StrUCtUre. () — ra(p — rg)"™ + b, (5)

The network strength is quantified in terms of the compres-

sive yield stressPy(¢), which is, for a suspension at solids wherePy(¢) =0 for¢ < ¢g andpa, Pb, Pm, Pn, I'a, I'b, g @andrn

concentrationp, the maximum compressive stress that can are empirical fitting parameters. Curve fits using E4pand

be applied before irreversible yielding and dewatering to a (5) are presented iigs. 1 and 20ther potential alternatives

higher solids concentratioRy(¢) is zero for all solids con-  include interpolation functions or composite functions which

centrations belowpg. The rate at which a material can be split the curve into a number of domains, each with its own

dewatered is quantified in terms of the hindered settling func- parameter set.

tion, R(¢), which represents the resistance to flow through the

suspension network structure and is inversely related to the

traditional Darcian permeabilitgparcy(¢p) according to the 3. Thickener dewatering performance prediction

following equation13]:

n 1—¢ A pseudo two-dimensional thickener modelling capability
—_ (1) has been developed to quantify the role of flocculants in de-
Rig) ¢ watering. This involves a steady state thickening calculation
The shear yield stressy(¢), often termed the yield stress, algorithm[2] which combines free settling rate thedy6]
represents the shear stress required for a suspension at solidsith suspension bed consolidation thef8}; This modelling
concentratiokp to irreversibly yield and flow. Thougty (¢) is tool can be applied for both flat bottomed thickeners and con-
not utilised by this dewatering model, it does provide a means verging base thickeners through the use of a shape factor to
of evaluating whether the output suspension can be raked andiccount for cross sectional area variatif8is The assump-

kDarcy(¢) =
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1000 Itis converted to a two-dimensional model by the use of

a shape factor, so the model does not account for short
circuiting and mixing. This implies that only vertical
dewatering is predicted and horizontal flow of liquor is
ignored. As a result, non-isotropic permeability varia-
tions are not taken into account.
e The model assumes line settling.
This implies that settling rate and permeability are func-
tions of solids volume fraction and all solid particles at
the same height settle at the same rate, with no particle
size segregation.
e The model does not account for shearing.
Shear forces in the thickener, caused by the action of
rakes and shear rods, are expected to improve thicken-
0.01 = ing. However wall friction which can slow consolidation
0 01 02 03 04 05 is also not included.
The model assumes that no solids exit via the overflow.
The model assumes steady state thickener operation.

100§

01

Compressive Yield Stress, £ (¢) (kPa)

Solids Volume Fraction, ¢ (v/v)

Fig. 1. Example of compressive yield stre§§(¢), curve fit using the
asymptote and exponential-power law functional form given by(&qvith
parameter valuegg =0.15,p5=27,pp = 1, pm =20 andp, = 1.

3.2. Inputs
tions, inputs and calculation algorithm are described below.
Thetheory has been converted into code, enabling timely sim-
ulation of steady state thickening from dewaterability data.
The output includes steady state solids flux predictions for a A compressive yield stresBy(¢), curve fit.
range of underflow solids concentrations and suspension bed, A hindered settling function dat&(¢), curve fit.

The inputs required for the steady state thickener model
include:

heights. e Thethickener dimensions, including diameter as a function
of height,d(2), such as that shown ifig. 3.
3.1. Assumptions e The feed solids concentratiogyg.

¢ Solid and liquor densitiesisol and piig -
As with all process models, there are a number of as- . o 3
sumptions and these should be kept in mind when utilising ~ All modelling results presented in this paper utilise the

the model output. The assumptions are as follows: Py(¢) andR(¢) curve fits specified iffrigs. 1 and 2converg-
] ] . ing base thickener dimensions such that the diameteris 1 m at
e The model used is one-dimensional. the baself, = 0) anddmax=40 m forh, > 5m, a feed solids

concentratiog = 0.05, a solids densityso = 3200 kg m and

o ETPE a liquid densitypjiq = 1000 kg 3.
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‘»
g 1.E+11 g
S
Q: dmﬂx
< 1.E+10 E “ ®
K] E
©
C
=)
w e
o 1.E+09 A
£ E
3
%)
8 1.E+08 |
[} E
e}
£
T
1.E+07 : : . .
0 0.1 0.2 0.3 0.4 0.5
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Fig. 2. Example of hindered settling functid®(¢), curve fit using the func- Fig. 3. Schematic of a converging base thickener, with truncated cone, show-
tional form given by Eq(5) with parameter values, =5 x 102, r, =0, ing heightin the thickenez, the suspension bed heighg, and the maximum

rg=—0.05and,=5. thickener diametetmax.
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3.3. Calculations 3.5. Compression

Steady state thickener modelling involves prediction ofthe ~ The underflow solids concentration predicted by free set-
solids throughput as a function of underflow solids concen- tling is often not achieved because suspension compressibil-
tration and suspension bed height in two parts. The first partity also limits the underflow solids concentration. Traditional
deals with free settling (generally called clarification) while methods of predicting thickening behaviour assume an in-
the second part considers compression in the suspension bedompressible suspension bed with a constant solids concen-
(thickening). The free settling and compression predictions tration, which is fundamentally flawed when a material ex-
are combined to predict the steady state solids flux by taking hibits a compressive yield stress over arange of solids concen-
the minimum predicted solids flux for each underflow solids trations. The technique used in this analysis involves integra-
concentration. It is important to note that in all of the follow- tion of a pseudo two-dimensional differential equation that
ing equations, the solids flux, is defined as a volume of has been developed from fundamental dewaterability theory
solids per unit time per thickener cross sectional area, with [3,11];

Sl units of kgstm~2. The cross sectional area referred to

2
is that of the vessel at the top of the suspension bed, where [R(¢(2))/(1 = ¢(2))“]la/x(2)]
the heightz=hy, and solids concentratiap= ¢q. However, dp(z)  x[1—(z)/du] — Apgd(z) ®
to adhere to in_dustry conventi_ons, all graphs of solids flux d; dPy(¢(z))/d¢(z) ’
are presented in tonnes of solids per hour per square meter, . i
while all graphs of solids throughput are presented in tonnes WNere & thickener shape facta(z), defined as,
of solids per hour. d(2) 2
a(z) = y , 9)
max

3.4. Free settlin : L . .
g accounts for the cross sectional area variations with height

in the thickenerz. The definition ofx(2) is such thax=1
when the thickener diametaid(z), is at its maximumgdmax,

and the cross sectional area is also maximised. The pseudo
two-dimensional differential equation relates the change in
solids concentration with height in the thickeneg(z)/dz,

gor a given steady state solids flux, and underflow solids
concentrationg,.

At steady state, the solids concentration is equal to the gel
point,¢g, at the top of the suspension bed; hy,, and is equal
Apg(l— $)? to the gi_ven underflow solids concentrati@f, at the base
TR (6) of the thlcken_erz: 0. _ _

To determine the solids fluxg, required to produce a
whereA p = psol — piig, iS the solid liquid density difference ~ Steady state suspension bed heightand underflow solids
andg = 9.8 ms2is the gravitational constant. The traditional concentrationg,, the differential equation is integrated from
Coe and Clevenger method suggests that this settling ratethe bottomto the top of the suspension kel0 toh, subject
be used in a material balance to determine the thickenert0 the boundary condition,

Coe and Clevengdf. 7] proposed that the settling rate is
a function of solids concentration as long as no mechanical
support is contributed from layers of suspension bgltsy.
They called this condition free settling. Indeed, using the
theory of Buscall and WhitEl], the free settling ratess(¢),
of a suspension in the absence of a compressive yield stres
influence is predicted to be a function of the solids volume
fraction, ¢, according to the following:

uts(¢) =

steady state solids flux (for the maximum thickener cross _
) ; , #(0) = ¢u, (10)
sectional area)g, for suspension at any solids concentra-
tion, ¢, and for a given underflow solids concentratignp, using aninitial guess fog, The value ofjis bounded between
[16]. 0 and the permeability limit determined in the free settling
calculations for the give,,.
_ uss(¢) @) The solids flux guess is iteratively adjusted through re-
1/¢ — 1/¢u peated integrations, until the solids concentration at the top

: : . f th Is th [ point,
For a given underflow solids concentratign, and suspen- of the bed equals the gel point

sion bed heighty,, the maximum thickener capacity possible  ¢(hp) = ¢g. (11)

in free settlinggrs, will be the minimum value of solids flux, ) o )

q, obtained by applying the material balance for all solids AN alternative description of Eq10) can improve compu-
concentrationsg, ranging fromeo to ¢u. The theory and tational speed. The inverted differential equation, shown be-
methodology presented here is consistent with that presentedOW'

by other recent workers, such as Bustos efl8], and an dz(¢) dPy(¢)/de

analogous algorithm has been presented by Garrido et al. g, — [R(¢)/(1 — #)2[q/az(@)[L — b/du] — Apgd’
12

[10].
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relates the change in height with solids concentration in 4. Outputs — thickener dewatering performance
the thickener, d¢)/d¢, for a given steady state solids flux, prediction

g, and underflow solids concentratiot,. The differen-

tial equation is integrated from the bottom to the top of 4.1. Solids flux

the suspension bed,=¢, to ¢y, subject to the boundary

condition, An algorithm has been programmed in Mathematica code
and also C-code to take the input data and determine the
2(pu) = 0 (13) steady state solids flux for a range of underflow solids con-

centrations and suspension bed heights. The resultant output
) — : . data, derived from thBy(¢) andR(¢) inputs inFigs. 1 and 2
using an initial guess fog. The solids flux guess is itera- is presented irFig. 5 The data illustrate the expected un-
tively adjus_ted throqgh repeated integratiqns, until the solids derflow solids achievable for a given solids flux through the
concentration at heigl, equals the gel point, thickener (flux is calculated from the solids throughput per
unit cross sectional area of the vessel at the top of the suspen-
2(pg) = hp. (14) sion bed). The effect of different suspension bed heights on
the predicted underflow solids concentrations is illustrated.

The integration method is repeated for a number of underflow The gel point and feed solids concentration are also illus-
solids concentrationsgy,, and suspension bed heigfts, to trated. The operation of a thickener may be broken into two
generally ranging from 0.1 to 20 m.

4.2. Permeability limited operation

3.6. Combining results For moderate to high solids fluxes, >0.1thm=2 in this
example, thickener operation is permeability limited. This
The free settling and compression predictions are com- implies that the rate at which the solids are passed through
bined to predict the limiting steady state solids flux by taking the vesselis so fastthat no transmission of compressive forces
the minimum predicted solids flux for each underflow solids is achieved in the suspension bed. The limiting factor is the
concentration as shown Fig. 4. This approach is proposed rate at which the liquid is able to escape from the solids
by Coe and Clevenggt 7] for settling rate dependant thick- network, which is dictated expressly by the permeability.
ening and it is a logical extension of this idea to apply this Therefore, the model predicts that in permeability limited
methodology for dewatering in the bed as well. The computa- operation, the steady state underflow solids concentration is
tional algorithm that was used to produce the results presentech function of solids flux alone, and not influenced by sus-
in this paper are provided in Appendix A. pension bed height. Indirectly however, the suspension bed
height may also influence the effectiveness of raking (not ac-

10 g
E Suspension
Bed Height (m)
& L ——0.1
1S E ——0.2
T -8-0.5
é [ ——1
—_ o 01E -2
= Permeability Compressibility o E ——5
= Limited Limited 5 -a—10
E . i’: —4—20
= 0.01 g
S i
= 8 r Feed
- S [ Concentration
O  Compressibility Prediction » 0.001 E r'd
O  Free Settling Prediction E Gel Point
Limiting Solids Flux r A
Feed Concentration 0.0001 0 — ‘01 — ‘ 0‘2‘ ‘0‘3 ‘ ‘0‘4‘
""" Gel Point . .
L Underflow Solids Concentration, ¢ (v/v)

Underflow Solids Concentration
Fig. 5. Typical steady state converging base thickener model prediction of
Fig. 4. Combining free settling and compression predictions to predict the the solids flux as a function of underflow solids volume fraction for a range
limiting steady state solids flux. of suspension bed heights.
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counted for in the model) that also influences the underflow 10000 £ ¥ roeq Susoomaion
solids concentration. . Conc?eitration Bed Height (m)
3 1000 E ! —=0.1
< E ——0.2
4.3. Compressibility limited operation 8 i 05
5 ¢ o
At low to intermediate solids fluxes, <0.1thm=2 in = : —5
this example, the suspension bed height is observed to have § 10 £ —=-10
an effect on the underflow solids concentration. In this re- =] 20
gion, the residence time of the solids in the suspension bed is 2
long enough for compressive dewatering to occur. As such, % e
the amount of compressive force transmitted by the network E -
structure of the suspension bed is the dominant effect that 01
governs the underflow solids concentration. F |Gl Point|
In the limit of zero solids flux, the suspension will settle 001 —b— = 6o 0 a6 & —
to equilibrium and the underflow solids concentration will 0 0.1 0.2 03 0.4 0.5
be a function of steady state bed height only, dictated by the Underflow Solids Concentration, ¢ (v/v)

compressive force generated and the compressive yield stress
behaviour for the material in question Fig. 6. Typical steady state converging base thickener model prediction of
) the solids throughput as a function of underflow solids volume fraction for

a range of suspension bed heights.
4.4. Solids throughput

4.5. Solids residence time
For a flat bottomed thickener, multiplying the solids flux
by the cross sectional area of the thickener yields the solids  The steady state thickener model predictions may also be
throughput. Therefore, for a flat bottomed thickener, a plot ysed to calculate the effective residence time of solids in the

of solids throughput (th") versus underflow solids con-  ped of a thickenetes, according to the following equation:
centration has the same shape as its solids flux counterpart

1 a2 . . . . 1 hyp
(t _h m~<), Wlth the same suspension beo_l _helght_ effectsT just fres = — / a(2)¢(2) dz. (15)
with they-axis re-scaled. In the permeability-limited region q Jo

gf (;lperatl(?%, for solids throu.ghputjgnddsollgs _flux, th_e. un- Fig. 7 shows a typical bed solids residence time versus un-
her ow sofids cogcgnrfre_mﬁn IIS p;? |cte. to fe |nsen§|t|ve :10 derflow solids concentration for a thickener based on model
the suspension bed neigt. In this region of operation, t epredictions. The type of data presentedig. 7gives insight

model suggests that'the only opt|qns ava|Ique for chang- into the interaction between underflow solids concentration
ing the underflow solids concentration are either to reduce _ 4 iha existence of liquor stability issues and whether pre-
the solids flux (not practical) or to improve the permeabil-

ity of the material in the low solids region, below the gel

point_ 1.E+06 ¢ ;

For a converging base thickener, solids throughputs are - i
determined by multiplying the solids fluxes by the cross sec- 3 1.E405 ¢
tional area of the thickener at the applicable suspension bed < i !
heights. The converging base thickener solids flux curves “E> 1.E+04 ¢
shown inFig. 5 have been replotted as solids throughput i i !
curves inFig. 6. The separation of the curves showrig. 6, g2 1.E+03
for suspension bed heights up to 5m, is due to variation in § i 8% Suspension
cross sectional area at the top of the suspensionbed asthe sus- § 1.E+02 ! Bed Height (m)
pension bed height varies. For a converging base thickener, E i ::__8;
the cross sectional area increases with the height of the sus- , 1.E+01f Feed =05

. ° E Concentration |

pension bed. As a consequence, when the top of the suspen- 3 S \ j‘_;
sion bed lies within the conical region, the solids throughput @ 1E+00 " —5
is a function of bed height even when the process is perme- P GelPaint | e
ability limited. Therefore, for converging base thickeners, the 1.E-010 ' 0‘1 : 0‘2 '0‘3 ' '0‘4

solids throughput is a function of suspension bed height in
situations where the solids flux is not. However, for higher
suspension bed helghts, where thickener diameter does noEig.?. Typical steady state thickener model prediction of the solids residence

vary with suspensior_l bed height, the bed height effect is only time in the suspension bed as a function of underflow solids volume fraction
observed for low solids fluxes. for a range of suspension bed heights.

Underflow Solids Concentration, ¢ (v/v)
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1 . sure of the shortcomings of a predictive model. For a num-
09 [ : ber of operating industrial thickeners processing flocculated
I : red mud, the thickener dimensions, operating parameters and
0.8 | ; characterised material properties have been used as inputs to
B I : the steady state thickening algorithm by Us#&r The pre-
e i : dictions of solids flux versus underflow solids concentration
“; 0.6 — Liquor Recovery highlight that most thickener operation is limited by suspen-
o HE | g sion permeability. At the actual underflow solids concentra-
§ I : tion, comparison of the predicted solids flux with the actual
T o4t value has suggested that there is something in the thickener
g - | ; operf'ition that effectively improves perme_:ability by a factor
= . | ranging from 2 to 100 for various raked thickeners. This per-
02 : meability enhancement, not accounted for in the model, has
B | sk : Gl Point been attributed to raking and other shear processes which are
. / 1 / . 1 the focus of a number of ongoing research projects.
00 0.1 0.2 0.3 0.4

Underfiow Solids Concentration, # (vv) 5.2. Shear yield stress limited operation

Fig. 8. Typical steady state thickener model prediction of liquor recovery Industrial observations suggest that thickening perfgr-
fraction as a function of the underflow solids volume fraction. mance can often, but not always, be controlled by modifi-

cations to flocculant dose, bed height and rake speed. From
cipitation or other time dependant behaviour may be expectedan operational perspective, the maximum underflow solids

to be a problem in a given system. concentrations achievable in many thickeners are limited by
_ _ physical constraints. These constraints include an upper limit
4.6. Fractional liquor recovery in the rake torque that can be safely applied and an upper limit

of the rate at which the underflow pump can operate for the

~ Aliquor material balance can be used to indicate the frac- \nqerflow shear rheology. The simplest measure of the rake-
tional liquor recoveryfy, in a thickener (or any other dewa- ability and pumpability of a suspension is the shear yield

tering operation for that matter) as a function of the underflow giess As a demonstrative example, many paste thickener

solids concentration. The fractional liquor recovery is defined raking arms and underflow pumps cannot handle suspensions
asthe liquor overflow flowrate divided by the total flowrate of ,:iih 4 shear yield stress greater than 200 Pa.

liquor fed to the washer, assuming that all solids leave via the Fig. 9 shows a solids throughput versus underflow solids
underflow and can be calculated from the following equation: o centration prediction for a thickener operated with 5m

éu — o of bed height, as is presented kig. 6. The gel point and

Jie = du(l— o) (16) feed solids concentration are also illustrated, in addition to
. ) i . the solids concentrations at which the shear yield stress of
Fig. 8 shows the fractional liquor recovery as a function of
feed solids concentration, for the thickening example being 10000 ¢ — |
used. For underflow solids volume fractions less than 0.09 ; Yiefosg;esﬁ ! ! Y‘rezlgosgaess
(corresponding to the condition of high overall solids flux) B i \| :/
the liquor recovery is low, below 50%. This indicates an im- 3 1000 ¢ : o
practical region of operation due to the free settling rate of @ ol |
the feed material. Alternatively, for an underflow solids vol- g I ' |
ume fraction of 0.30, liquor recovery is over 90% and there e 100 | | |
is limited potential for improvement, even with significantly é_ - § |
higher underflow solids concentrations. The fractional liquor 2 0 | |
recovery puts underflow solids concentrations into context £ E | 3 |
by giving an alternative measure of dewatering efficiency to % | |
underflow solids volume fraction. 2 4L Feed b3
15) E Concentration ' Gel Point
F 005 © 0.5
! I
5. Discussion 0.1 \l . /r .

0 005 01 015 02 025 03 035

5.1. Comparison of predictions with process outputs Underflow Solids Concentration, ¢ (v/v)

. Comparison of industrial thif:k_emng process performance Fig. 9. Typical steady state thickener model prediction of the solids through-
with steady state model predictions provides a good mea-put as a function of underflow solids concentration for a bed height of 5m.
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the material is 50 and 200 Pa. Now, even though the thick- ¢ The impact on downstream options such as management
ener modelling prediction shown Iig. 9indicates that an of tailings impoundments and water recovery.

underflow solids concentration greater than 0.21 is achiev- e The response in terms of water recovery and underflow
able, this is not likely to be the case in practice. As a process density to all of the suggestions above.

control measure, ensuring that the underflow solids concen-

tration does not become too high can involve lowering the

suspension bed height, slowing the rake arm or lowering the 6. Conclusions

flocculant dose.

A useful steady state thickening model calculation algo-
rithm has been developed by combining free settling rate the-
o o ory with suspension bed consolidation theory. The algorithm

In terms of process optimisation, the aim is generally t0 ;ges fundamental compressive yield stress, hindered settling
maximize the solids throughput and underflow solids con- fnction and thickener geometry data as inputs. Presentation
centration while maintaining overflow clarity and underflow ot model outputs as solids flux and solids throughput versus
yield stress within preset bounds. Selecting the flocculation nqerflow solids concentration has been shown to enable im-
regime that will enable this optimisation often requires a com- proved understanding of how steady state performance can
promise between the conditions that produce the highest peryg affected by the adjustment of process variables. Conse-
meability and those which produce the best compressibility. 4ently, the role of flocculants, raking and other process vari-
Alternatively, permeability curves may actually cross each gpjes in industrial thickening operations can be quantitatively

other within the solids concentration range of interest. Nei- e icted, improving the potential for process optimisation.
ther of these optimisations is possible without a predictive

thickener modelling tool.
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thickener performance.

It should be stressed that the model predictions are sub- : . : .
. o . . : The computational algorithm that was applied to predict
jectto limitations relating to the idealised nature of the model. . . . . )
steady state thickening performance is described below:

The absence of the ability to account for shear, dead-zones
and unstable operation means that suggestions for process . A list of underflow solids volume fractiong,, was cre-
Optimisation should be treated with caution. In addition, con- ated with values bounded between the initial solids vol-
sidering that the compressibility and permeability data cover  yme fraction,¢o and a high value such as 0.64 (e.g. If
up to five orders of magnitude, the outputs of the model are 4, =0.05, then the list may b¢0.06, 0.07,..., 0.63,
very sensitive to measured and curve fitted permeability val- ¢ 64}).

ues. As a result, the model predictions are not applicable 2. Foreach underflow solids concentratipn, the minimum

to extremely accurate prediction of thickener performance,  free settling fluxgss, was determined by application of Eq.
however, they do improve understanding of why certain un- (7 for all solids concentrations, ranging fromgg to ¢y
derflow concentrations are achieved, the trends involved and a5 described in the Free Settling theory.

how performance can be improved by adjustment of process3 A list of bed heightshy,, was created with optimum out-

5.3. Optimisation

Appendix A. Computational algorithm

variables. Process variables that can be examined include: put resolution achieved by increasing values in a roughly

e The influence of feed solids concentration, solids flux and exponential manner. For examp|6.1, 0.2, 0.5, 1, 2, 5,
thickener dimensions. 10, 20.

e Whether improvements in compressibility or permeability 4. The relevant bed height bounglg,ii and zyee Were cal-
will be most beneficial. culated for each specified underflow solids concentra-

e The sensitivity of underflow solids concentration to pro- tion, ¢y, where ¢y>¢g. The minimum bed height re-
cess variations. quired to achievep,, defined aszequii=2z(¢g), Was de-

e The influence of type of flocculant and flocculation condi- termined by integration of Eq12) with g=0. The bed
tions. height beyond which thickener operation is permeability

e The impact of upstream processing options such as |imited is defined agiee=2Z(¢g). For a cylindrical vessel
coarse/fine separation or blending. (a(2) = 1), zree Was determined by integration of Ed.2)
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i . . . . 4156.
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