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Review on development and their basic design of thickeners
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Abstract: Based on the research discovery, it is obvious that sedimentation process undertakes an

important role in both domestic application and industrial production procedure. And thickener is a

typical equipment of this process.

It has been applied in several aspects such as water treatment,

chemical industry, pharmaceutical industry and mineral industry etc. This paper reviews the relevant

literature and the different types

and basic operation methods of thickeners.

the

Moreover,

representative calculation methods which involve the design and selection of suitable thickener will be

discussed.

Key words: sedimentation;thickeners;calculation method;design

0 Introduction

the

industrial production procedure, particle process

Nowadays, in process of practical

technology undertakes essential function in
dealing with various kinds of materials’ particle.
Above all, as a significant part of the particle
process in the mineral industry and chemical
industry, sedimentation process acts as the role
of rough separation. Within the whole process, it
separates the mixture fluid into solid and liquid
individually. Normally, there have three different
methods can be used to achieve the sedimentation
process. First of all, it is gravity sedimentation.
The second method is centrifugal acceleration
sedimentation or centrifugal sedimentation. And
the third one is electromagnetic sedimentation by
using the electromagnetism as a sedimentation
force resource. Furthermore, considering about
the gravity sedimentation, the available gravity
sedimentation equipment can be divided into
batch operated settling tanks and continuously
operated thickeners or clarifierst™**

As one of these three most basic and widely
applied equipments, thickener is representing a
class of typical solid-walled separator, shown in
the figure 1. This set uses gravitational forces to
raise the concentration of a suspension through
sedimentation to produce thickened sludge with

clear liquid overflow.

| ThickenetBridge ] [ Thickener |

—mcess Water Tank A

Photograph of a basin thickener
[13]

Fig. 1
installation

Based on thickeners’ scale and the treating
methods, they can be divided into several types.
Such as, circular basin thickener, circular high
capacity thickener, deep cone thickener, lagoon
thickener, lamella thickener and setting tank
thickener. And more intensively, there has an
report pointed out that the normal size of a
circular basin thickener is less than 200 m in
diameter, circular high capacity thickener is
between 4 m and 18 m, deep cone thickener’s
diameter is up to 15 m, lamella thickener is equal
to 26 m in diameter'™,

which feed the

different properties such as the particle size,

In addition, the mixtures

into thickener always have

viscosity,  concentration, temperature  and
density. And the thickener types can be changed
varying with the different application conditions.
Therefore, to determine the selection and design

of the suitable thickener, it is necessary to
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consider the significant factors. For instance, the

mixtures >  different particle size and the
requirements of the properties of after treated
material. Within the discussion content, some
introduction with regard to the thickeners’
selection and design concepts, methods and

calculations will be presented.

1 Thickeners’ development history

The first continuous thickener was invented by
John Van Nostrand Dorr in 1906, at that time Dorr
was engaged by the Mogul Mining Co. to change the
Kildonan mill at Pluma, SD, from a 100-ton dry
cyanide plant into a 300-ton wet-crushing mill
following the practice at the Lund- berg™’. The Dorr
thickener was the first continuous sedimentation unit
in which water could be removed from dilute slurry
and the solids concentrated into dense slurry. The
continuous thickener allowed water to be recycled
from the mill tailings pond to points within the mill
circuit, greatly reducing the volume of fresh water
that had to be used in the mill"*). After Dorr’ s
innovation, thickener gradually became essential in
many industrial processes, such as mining, water
treatment, food industry and so on. Meanwhile, this
innovation itself was kept on improving by world’ s
scientists as shown in table 173,

Table 1

Thickeners” technique development

Year Events

The first continuous thickener was invented by

1906 .
John Van Nostrand Dorr""

The first references to batch thickening are those
1908 of Nichols on the effect of temperature and

viscosity on the settlement of slimes!'®

The first reference on thickener performance is

1912 ,
that of Forbest?

Mishler was the first to show by experiments that
1912 the rate of settling of slimes is different for dilute

and for concentrated suspensions?!

The important event in this early history of
1916 thickening  was

Clevengert"

presented by Coe and

Stewart and Roberts gave a good idea of the state
of the art of thickening: Practical testing methods
1933 .. . .

for determining the size of machines to be used

were available?"

The first mathematical theory of sedimentation by
Kynch'®

Year Events

Four zones were described in descending order:
clarification, settling, upper compression and
rake action zones; The concentration in the
settling zone is nearly constant for a thickener at
1954 steady state and that it depends on the rate at

which the solids are introduced in the feed; The

feed to a continuous thickener was diluted on

entering the thickener™

The Dorr Co. went a step further in their
1955 contribution to thickening by devising the
Talmage and Fitch method of thickener design™"

1955 Batch testing has been proposed for designing
) . . - )
continuous thickenerst® !

Modifying Kynch > s theory to fit the

[9,14,28,52]

1958 ) . . .
sedimentation of industrial pulps

The recognition that Kynch’s theory could only
describe a part of the settling process and that a
1977 different theory was necessary for testing the
compression of the sediment; Ad-hoc theories

were developed %171

The theory of mixtures of continuum mechanics,

1977 . e

to partlculate systems B

‘Improving Thickener Technology’ project was
1988 initiated by the Parker Centre in 1988 through the

Australian Mineral Industries Research

Association(AMIRA) coordinated™"

CSIRO has undertaken to develop and validate a
dynamic mathematical model describing thickener
behavior; Novel instrumentation has enabled
1991 measurement of the sediment density profile and
flocculated

settling rates and densities of

aggregates in  samples taken from the

thickenert'®]

Under idealizing assumptions. the settling of the

solid particles under the influence of gravity can

be described by the initial value problem for a one

2003 . . . .
dimensional scalar conservation law with a flux
function that depends discontinuously on the
spatial position'?!
The application of a validated Computational
Fluid Dynamics (CFD) raking model coupled to
the use of raking efficiency measures is a good

2010 starting point for the quantitative assessment of
design and operation of thickener rakes; pilot-
scale raking studies are a valid approach when

investigating raking on the full-scale*

2 Operation methods and basic

structure of thickener

With the consideration of thickener’s operation
method, it illustrates that thickener is an industry
unit from which the concentration of a suspension can

be increased by the sedimentation process, and with a
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clear liquid formation. However, the concentration
of the suspension is high and it resists the settling
takes place. Normally, thickeners operate as
continuous or batch units in the treatment process,
and consist of tanks from which the clear liquid is
taken off at the top of it and the thickened sludge or
liquor is taken off at the bottom. For example, the
operation method of continuous thickener is briefly

shown by the Figure 2 below.

/Feed
L] Clerifying zone _—i—Overﬂow

. /“
L | . al

\,‘\0,“‘6\Q
Ia8% Solids
path

Thickening zone/

i IS

|_—|—Thickened liquid outlet

Fig. 2 Flow in continuous thickener""!

Based on a given size, in order to obtain the
greatest possibility through putting from the
thickener, the sedimentation rate should be as
high as possible. In the practical process, for the
purpose of increasing the sedimentation rate,
artificially add a small quantity of an electrolyte is
a widespread and basic method. As the result,
this method will lead to the formation of flocs and
precipitation of colloidal particles. Furthermore,
with the terms of reason that the function of
lowers the viscosity of the liquid, and encourages
the larger one of the particles in the suspension to
grow in size at the expense of the more soluble
small particles, the suspension is also frequently
heated. On the other hand the thickener always
incorporates a slow stirrer, The stirrer normally
locates on the bottom of the cylinder, and it
causes a reduction in the apparent viscosity of the
suspension. Meanwhile, the stirrer in the tank
also aids in the in the consolidation of the
addition, two major style
batch
thickener have difference on their basic structure.
The batch
cylindrical tank with a slightly conical bottom.
Through

thickened liquor is withdrawn from the bottom as

sediment. In

thickeners, thickener and continuous

thickener wusually consists of a

adequate time sedimentation, the

the sludge and the clear liquid discharged by an
adjustable off-take tube from the top side of the
And with

thickener, it frequently consists of a cylindrical

cylinder. regard the continuous
tank with a flat bottom. Its suspension has been
fed in below the surface with 0.3 to 1 m depth at
the centre of the tank. The liquor of the
processed mixture is continuously discharge by an
outlet at the bottom of the tank, and any solids
which are sediment on the lower side of the tank

may be directed throughout the outlet by means

of a slowly rotating scraper-"’.

3 Basic design and selection of

thickeners

In order to select a perfect match thickener

that would be applied within the desirable
treatment process. It is essential to learn about
the properties of varies kinds of mixtures liquid
sufficiently. The table 2 below lists several
mixtures liquid and their main characteristics.

On the other hand, through the above varies
mixture, there is no denying that to choose the
suitable thickener is a necessary step in practical
industry sedimentation process. Based on the
above representation which regard to method and
structure section, normally, there have two
major types of thickener, one is bath thickener
and the other is continuous. With an intensive
research, the references illustrate that the major
thickeners can be divided into more segmentation
styles, such as circular basin thickener, circular
high capacity thickener, deep cone thickener,
lagoon thickener, lamella thickener, setting tank
thickener etc.

Firstly, circular basin thickeners (diameter
less than 200 m) have been always applied in
larger scale thickening and separating of solids
from relatively dilute suspension. And it has
three operation zones: clarification, zone
settling, and compression. The settler diameter
and the settler depth are the function of the
solution circulation rate, which is determined by
the required production rate; and the function of
the compression-zone retention time needs to

obtain the require underflow concentration™® .
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Moreover, the typical particle size and feed
concentration range for circular basin thickener

are 0. 1—500 pm and <20% w/w, it comprises a

Table 2 Estimating design data for areas of application

relatively shallow, open-top cylinder with either
a flat bottom or a bottom shaped in the form of an

inverted cone'™ (sece Figures 3 below).
(6]

% Solids

Unit Area. FI'3/Ton/Day  Overflow Rate GPM/FI"3

Feed Underflow
Alumina, Bayer Process
Red Mud
Primary 3~4 10~25 20~50 —
Washers 6~8 15~25 10~40 —
Final 6~8 20~35 10~30 —
Hydrate
Fine or Soed 2~10 30~50 12~30 —
Asbesios 9~12 20~27 7~15 —
Brine Purillcation 0.1~2 8~15 — 0.2~0.5
ke driv walkway  supematant thickeners with high solids handling capacities and
feed (OVil‘ﬂO-W) relatively small floor areas to be produced™. On the
Ii _I feedwell 1o contrary, the flocculant usage is notably higher.

well thickend

| i

Fig. 3 Circular basin thickener”!
Secondly, regarding the circular high capacity
thickeners(diameter is between 4 m and 18 m).
This kind of thickener is usually used in the
process of separating the rapid settling solids,
and the available space is at a premium. And 0.1
— 300 pm and << 15% w/w are the normally
particle size and feed concentration range of the
circular high capacity thickeners. The circular
high capacity thickener is mostly as the same as a
conventional circular basin thickener in the
general form (see Figure 4. Below), except the

diameter and the material of the tank’s wall.

TELSONE walkway supematant
(overflow)
feed —
4 1 £
I feedwell flocculant

well

thickend
l suspension
(underflow)

Fig. 4 Circular high capacity thickeners™
Circular basin thickener” s wall is made of
combination of concrete and steel. Nevertheless,
high capacity thickener’s wall is only made of steel.
Although, in this kind of thickener, large flocs that

sediment very quickly can be generated to allow

Hence, it will be more expensive to operate a circular
high capacity thickener.

For the next one is the deep cone thickener,
shown in the Figure 5 below. Again the form is
similar to the conventional thickener. The diameter
of this thickener is up to 15 m, thus it is suitable for
small scale operation. Furthermore, the typical
particle size and feed concentration range are 0. 1 —

300 pm and << 15% w/w .

advantages and disadvantages about this thickener, it

For researching the

is simply can find that the deep cone thickener is
occupy a small place and cheap to install, but the
operation and efficient settling flocculants are
generally expensive. And it always needs high power
to support the system to maintain the stirring action
when it deals with the high viscosity underflows.
Last but not least, lamella thickener is

another style of common sedimentation
equipment. Basically, lamella thickener’s size is
equal to 26 m in diameter. And its typical particle
size and feed concentration range are 1 - 150 um
and <<15% w/w(see Figure 6 below) .

The general form of lamella thickener is an
essentially rectangular tank that containing a series of
closely spaced rectangular plates inclined at an angle of
about 500 to the tank’s lower face. This structure is
design to increase the available settling area efficiently,
and this will raise the sedimentation rate by allowing

the sedimenting solids from the feed to slide down their
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device drive 50
feed
[
(b g 40
supematant 3]
(overflow) = 30
.20
L
T 20
10
Scr;;‘;fnagngms %5 10 15 20 25 30
t/min
Fig.7 Batch settling test results mudline
l thickend height change
suspension
(underflow) So, the total volume occupied by 1 kg pulp is
Fig. 5 Deep cone thickener” V,= 250+500= 750 mL (3)
supematant Therefore, the V/F dilution
liquid (overflow) ﬂfeedl+ " ’ /
_ = lamella plates oswet V./F=1750/500=1.5 mL/g €]

11

SIDE
VIEW

thickened
suspension
(underflow)

Fig. 6 Lamella thickener"

upper surfaces towards a sludge hopper. However, the

disadvantage of lamella thickener is also obviously

existed. Especially, maintaining the equipment is not

convenience because of the complex structure.

Meanwhile, the suitable selection and design
of thickener must base on the comprehensive
calculation. For a practical example, design a
suitable safe working diameter for a thickener
that required producing an underflow with the
concentration of 50% solid by weight and the rate
of feed is 80 ton/hr. And the safety factor here is
1.5, the solids special gravity is 2 and the feed is
200 g solids per litre pulp. Moreover, calculation
should base on the batch settling test result table
and graph below(Figure 7).

Solution ( method is the similar as in the
handout): Because feed pulp contains 200 g
solids. Thus, initial dilution
D= Vol /wi= 1000/200= 5.0 mL/g(L/kg) (1)

And the required of V/F concentration is
50% by weight. Hence, 1 kg pulp would include
500 g solids +500 g water.

Moreover, the volume of 500 g solids is

Vs=500/2= 250 mL (2)

Then, from the figure 7, if 5 mLL= 48 cm
height, thus,

1.5 mL=48X1.5/5=14. 4 cm=18 mins (5)

Meanwhile, because D=h X A/W (=Volume

of pulp/weight of solids) (6)
Hence,
A/W= D/h= 5/48= 0. 104 7

And unit area
tXA/W= 18X0,104= 1. 872 cm’/(g/min) (8)
Then, the safety factor is 1. 5.
So the unit area
1.872X1.5= 2.808 em’/(g/min) 9
Therefore, the area for 80
t/hr=2.808X (106/104) X (1/60) X80=
374. 4 m* (10)

Finally, the diameter of the thickener is

d=/(374.4X4/7)=21.833 m (1D
The above calculation example is a rough and

basic design method. For the purpose of
designing the thickener all-sided, other factors
should also be considered when complete the
design procedures. For instance, in the
determination of thickener basin area, the area
requirement for each solid concentration tested is
calculated by relating the net overflow rate to the
corresponding interfacial settling rate. It
illustrated by the equation below:
Unit area (m®/(ton/day))=(1/C,—1/C,)/v;
12)

Where C; is the solids concentration at the
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interfacial settling velocity v;.

C, is the underflow concentration. Both C;
and C, being expressed in terms of mass of solids
per unit volume of slurry.

Furthermore, in the lamella thickener the
simulation method, which should be considered in
the effective area calculation, is different. The
total project area of lamella thickener for
separation is equal to the sum of project area or
plane.

all channels on the horizontal

Table 3

The horizontally project area A, can be calculated as:

A,= LW Xcosa (13)

L is the settling length; W is the plane
width; « is the plane inclining angle™*,

Using the methods and equations above, the

table of the thickener selection can be obtained

(Table 3 below),

situations the suitable type of thickener has been

From this table in different

indicated clearly, and the table itself is easy to

apply in practical.

Thickener selection

performance indices

Feed solid properites

Type of equipment  Solids product Washi Liquid product Crystal Particle size/ % by mass
ashing
dryness &. state quality breakage pm solids in Feed
Gravity thickeners and clarifiers
+ circular basin
, 18 2 5 9 0. 1500 <20
thickener
+ settling tank of
' 1s — 5 9 0.1—500 <20
lagoon thickener
+ circular high
ST 1S — 5 9 0. 1300 <15
capacity thickener
+ deep cone thickener 1S — 5 9 0.1—300 <15
+ lamella separator 1S — 5 8 1—150 <15
+ clarifiers 1S — 6 9 1—50 <15

4 Conclusion

To sum up, the above representation content
has particularly introduced the four major thickeners
which have already been applied in the industrial
processes and also described the researching history
of developments in techniques and methodologies for
improving thickener performance. At the same time,
based on the massive research data, a significant and
crucial gravity

analysis with regard to the

’ advantages and

sedimentation  thickeners
disadvantages has been obtained. Obviously, because
of the space and operating time they need, the
gravity sedimentation thickeners are more suitable for
large scale and long period operation. However,
compared with the membrane separation technique,
the gravity sedimentation thickener has the lowest
construction and maintains cost, simplest structure,
and large output. Furthermore, for the purpose of
accurate design, the feed solid properties such as
particle size, percentage of solid in the feed, viscosity

should be

equipments and considered as important factors in the

determined by using the relevant

thickener” s design. Simultaneously, the suitable
selection and design of thickener must base on the
comprehensive calculation. Using equations(1), (4),
(6),(8) and(10) to obtain the thickener’s unit area,
then combining with equations (12), (13) and other
factors” defined equations to get the accurate size and
suitable structure selection of the thickener.

Finally, through the process of dealing with
different industrial mixtures by using different
operation methods, the significant part is that in
screen out the most

order to design and

appropriate thickener to meet the application

requirement, the factors such as different
mixtures > properties, different thickeners ’
operation methods and different designed

calculation equations all of these will be took into
account. In a word, thickeners will develop to a

more efficient and selective direction.
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