CHAPTER FIVE

FILTRATION AND SEDIMENTATION

5.1 CONCEPT OF FILTRATION

e The separation of solids from a suspension in a liquid wi
: _ id with 3 ;
retains the solids and allows the liquid to pass is terr:ed as filt:::l:: 5 @ porsis U e AR ED
o The operation of separating a solid from a liquid by means of a porous medium (usually a wire or fabric
ri

filter cloth) is called as filtration. The medium retain idi
: st :
passes through it. he solid in the form of a porous cake, while the liquid

o The mechanical separation of a solid from s ion i iqui
: ' : uspension in a liquid by passa i
which retains the solid and allows the liquid to pass is called asc;:ltratignp sege ihomgh-a peralsanedum
e In ﬁlg:_tlon op_eratlon, the_\{olu‘me of the suspensions to be handled may vary from extremely large
qu:ne:\ :-;n(as in water‘ purification) to relatively small quantities (as in the fine chemical industry), the
ls;:u?d . bitr:agrc;ntal: small or Iar?e proportions of solids and the valuable product may be the solid' the
L metimes none of them (e.g., the waste solids to be s iquid f
. iy " (eg. eparated from a waste liquid prior
to the c:.hsposal). Thg .dnwr.wg force required for a separation by filtration based upon the na('iure F:)f a
suspens.lon may be divided into four categories, namely gravity, vacuum, pressure and centrifugal
. ?eparati.on_of su:spended |mpur.|t|es from water (in water purification), separation of solid organic and -
morga.\mc Waterlals from their slurry such as calcium carbonate, ammonium sulphate, sugar,
paranitroaniline, etc. are some examples of filtration. ' '

5.2 TYPES OF FILTRATION : CAKE FILTRATION AND DEEP BED FILTRATION

o Basically, there are two types of filtration : (i) Cake filtration, (ii) Deep bed filtration.

o In cake filtration, the proportion of solids in the suspension is large and most of the solid particles are
collected in the cake which can later be detached from the filter medium.

e In deep bed filtration, the proportion of solids is Slumy
very small and the particles of the solid being
smaller than the pores of the filter medium will
penetrate a considerable depth and ultimately
get trapped inside the filter medium and usually
no layer of solids will appear on the surface of
the medium (e.g., water filtration). :

o Thus, filters are divided into two main groups,
clarifying filters and cake filters. Clarifying ' ~ouppattat
filters also called as deep bed filters are used to filter medium
remove small amounts of solids to produce :
sparkling clear liquids, whereas cake filters
separate large amounts of solids in the form of a © e
cake of crystals. Clarifying filters find applications Fig. 5.1 : Principle of filtration
in water treatment. In this chapter, we will deal
with cake filtration.

Principles of Cake Filtration :

e In cake filtration, the feedto b

a porous membrane (filter me

filtrate,

Filter medium ~ R h
ol 1 Filter cake

e handled (two phase mixture) is called slurry, the bed of deposited solids on
ing the filter medium is called

dium) is called cake and the clear liquid leavi

(5.1)
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>.3 CONSTANT RATE AND CONSTANT PRESSURE FILTRATION

5.2

the initial period of flow, solid particleg Ir;-
dium. The liquid passes th_rou‘gh '[he beq 3 _:
ltration, the rate of filtration is high, A¢,,
ure differential across the Fite
the resistance to flow

A typical cake filtration operation is shown in Fig. 5.1. During
trapped within the pores of a medium forming a true filter me
the solids and through the filter medium. In the early stage of fi
cake thickness increases, the rate of filtration decreases for a given press ;
medium. This is due to the fact that as the cake gradually builds upon HEEsS
progressively increases.

Types of filtration (based on the pressure drop across a filtering medium) :

————

There are two types of filtration : 1. Constant pressure filtration, 2. Constant rate filtration. h
* The method in which the pressure drop over the filter is held constant throughout a run so that the rate of

filtration is maximum at the start of filtration and decreases continuously towards the “”‘? of 'the unis calleg
constant pressure filtration. If the outlet pressure is constant, constant pressure filtration Is carried oyt ,
applying a certain pressure at inlet and maintaining it constant throughout the run. .

The method in which the pressure drop is varied usually from a minimum at the start of filtration to 4

maximum at the end of filtration so that the rate of filtration is constant throughout the run is called constany
rate filtration.

In constant rate filtration, nearly constant rate of filtration is maintained by starting at low i.nlet pressure, ang
continuously increasing the pressure to overcome the resistance of cake, until the maximum pressure j
reached towards the end of the run.

In constant pressure filtration, application of high initial pressure results in a low rate of filtration as the firsy
particles filtered will be compacted into a tight mass that largely fills the pores of cloth. In constant rate
filtration, as the maximum pressure is reached towards the end of the run whole cycle is operated at [ess
than the maximum capacity. To overcome the difficulties faced in the filtration types cited above, a practical
solution is found out by carrying out the filtration at constant rate until the inlet pressure reaches a specified
maximum and then to continue at constant pressure until the end of the run.

Distribution of overall pressure drop
* With the help of the pressure difference applied between the slurry inlet and the filtrate outlet, the filtrate is

Medium—s{ P

forced through a filter. During filtration, the solids are retained in the form of cake through which the filtrate
must flow. The filtrate has to pass through three resistances in series —

1. Resistance of the feed and filtrate channel, 2. Resistance of the cake, and

3. Resistance offered by the filter medium.

}- Le—of * The overall or total pressure drop over the filter at any time is
g equal to the sum of the individual pressure drops over the

o medium and cake. Usually, the resistances offered by the inlet
and outlet connections are small as compared with those offered

Flitrate<— e— Direction of by the cake and medium and thus, can be neglected.

flowof slury o By the resistance of filter medium or filter medium resistance, we

mean it is the entire resistance built up in the filter medium,
including that from the trapped particles. Filter medium
resistance is important in the early stages of filtration. The cake
resistance is the one which is offered by all solids not associated
with the filter medium. It is zero at the start of filtration and goes
on increasing with time of filtration.

Upstream face of cake

Fig. 5.2 : Section through filter medium
cake showing pressure drop
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As A/A; = f, the rate of soli . ; tions (5.30), (5.31)
s i f the filter using Equati
and (5.32) thus Do production divided by the total area of the
e _ RecadPfn/u+ (nRYIV2=nRy _533)

AT - a
The filter-medium resistance Rn includes the resistance offered by the cake which is not removed by the

difhgfge mechanis?m Provided and carried through the next cycle. If the filter medium is washed after the
cake discharge, R, is usually negligible. Therefore, neglecting R, Equation (5.33) becomes
i .
-R_C _ (Zc i fn)m .. (5.34)
T op
If the specific cake resistance

) varies wi drop as per Equation (5.19), then
Equation (5.34) becomes (o) varies with overall pressure drop per Eq

m 2.c(AP)L- 12
ﬁ:( c :u‘f“) .. (535)
0
* Equations (5.33) and (5.34) are applicable to continuous vacuum filters as well as to continuous pressure

filters.

* When Ry, is negligible, Equation (5.34) predicts that the rate of filtrate flow varies inversely with the square

root of the viscpsity and of the cycle time. This is true in practice for thick cakes and long cycle times. But
for short cycle times, it is not true and Equation (5.33) must be used.

5.4 FILTER MEDIUM (CHARACTERISTICS OF FILTER MEDIUM)
* In case of cake filtration, the choice of a filter medium is often the most important consideration in assuring
satisfactory operation of a filter. The filter medium in any filter must meet the following requirements :
It should retain the solids to be filtered, giving a reasonably clear filtrate.
It should not plug or blind (low rate of entrapment of solids within its interstices).
It should be mechanically strong to withstand the process conditions.
It should be resistant to the corrosive action of fluid.
It should offer as little resistance as possible to the flow of filtrate.

It should possess ability to discharge cake easily and cleanly.
It should have acceptable resistance to mechanical wear.
It should be cheap.

[ I A A o o o

It should have long life.
* In cake filtration, the filter medium is frequently a textile fabric.

* (Canvas cloth, woolen cloth, metal cloth of monel or stainless steel, glass cloth and synthetic fibre cloth -

nylon, polypropylene, etc., are commonly used as filter media in industrial filtration practice depending
upon the process conditions.

* For an alkaline slurry, nylon cloths are used while for an acidic slurry, polypropylene cloths are used as a ,
filter medium. ‘ .

5.5 FILTER AIDS

s Filtration of slurries containing very finely divided solids or slimy, deformable flocs is very difficult due to
formation of a dense, impermeable cake that quickly plug the filter media. In such cases the porosity of the
cake must be increased to allow passage of the filtrate at a reasonable rate. This is achieved by adding a
filter aid to the slurry before filtration.
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5.6 FACTORS AFFECTING THE RATE OF FILTRATION

h voidage. Because of y

m a bed of very hig

A filter aid is a granular or fibrous material which packs to fo i
ke. A filter al

they are capable of increasi i
easing the porosity of the filter ca icatly inert to the fil
should be porous, should b ‘ ke, and must be hem’ € o e
e capable of forming a porous cax& prepared from deposits of diay,

The commercial filter ai ; ilica
) er aids are diatomaceous earth - almost pure sic .

(marine organisms) skeletons, expanded pearlite, and asbestos fibres. The ﬁlter_ aldts ::; iuf:eedi r1‘or hs_lud
that are difficult to filter and the use of filter aids is normally restricted to filtration t€ q which y,

filtrate is valuable and the cake is the waste product.
Methods of using filter aids :

(!) adding a filter aid to the slurry before filtration, and Itrati

(ii) precoating, i.e., by depositing a layer of a filter aid on the filter medium before filtration.

Precoats prevent gelatinous solids from plugging the filter medium and give a clear filtrate. The precoat g ,
part of the medium rather than that of the cake. When the filter aid is directly added tc? t.l?e slurry beforg
filtration, the presence of it increases the porosity of the sludge, decreases its compressibility and reduceg
the resistance of cake during the filtration operation.

The rate at which the filtrate is obtained in a filtration operation, i.

. ———.\
e, the rate of filtration depends upon the

following factors :

e WNhNH

Pressure drop across the feed inlet and far side of the filter medium.
Area of the filtering surface. -
Viscosity of the filtrate. .
Resistance of the filter medium and initial layers of cake.
‘Resistance of the filter cake.
The rate of filtration is directly proportional to the pressure difference across a filter medium. Therefore,
higher the pressure difference across a filter medium, higher will be the rate of filtration.
The rate of filtration is directly proportional to the square of the area of a filtering surface. Therefore, higher
the area of a filtering surface, higher will be the rate of filtration.
The rate of filtration is inversely proportional to the viscosity of the fi

the filtrate, lower will be the rate of filtration.
The rate of filtration is inversely proportional to the resistance of a cake or filter medi
the resistance of a cake or filter medium, lower will be the rate of filtration.

Itrate. Therefore, higher the viscosity of

um. Therefore, higher

5.7 TYPES OF FILTRATION EQUIPMENTS

(a) Filters are generally divided into two major groups based on the function or goal of filtration (i.e., based on

(b)

()

whether to produce a cake or sparkling liquid).

(i) Cake filters. (ii) Clarifying filters.
Filters that retain appreciable quantities of filtered solids on the surface of the filter medium are referred to a

cake filters. ,
Filters that remove small amounts of solids to produce sparkling clear liquids are referred to as clarifying
filters or deep bed filters. These filters are commonly employed in water treatment.
Filters may be classified according to the method of operation or operating cycle as

(i) Batch filters, (il) Continuous filters
Filters may be classified based on the driving force used for separation, e.g., gravity, pressure, vacuum of

centrifugal. ,
In filtration operation, the filtrate is forced to flow through a filter medium by virtue of a pressu
difference across the medium. The pressure difference may be created by gravity, superatmospheﬁc
pressure on the upstream of the filter medium, sub-atmosp_heric pressure on the downstream of the filtéf
medium or centrifugal force agross the medium. Therefore, fslter§ may be classified as

(i) gravity filters, (i) pressure filters, (iii) vacuum filters, (iv) centrifugal filters.
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Industrial cake filters are usually classified as follows :
1. Batch (discontinuous) pressure filters

e.g. filter press - plate and frame press, pressure leaf filters.
2. Continuous pressure filters

e.g., pressure filter-thickener, continuous rotary pressure filters.
3. Batch vacuum filters

e.g. vacuum nutsches, vacuum leaf filters.
4. Continuous vacuum filters
e.g. rotary drum filters, vacuum precoat filters.
5. Centrifugal filters (batch and continuous)
e.g., suspended basket centrifuge - top driven or bottom driven, continuous filtering centrifugals.

+ The most important cake filters which will be referred to are : plate and frame filter press, rotary drum
filter, and basket centrifuge.

* Inmany cases, in the chemical industry, it is the solids that are wanted.
o The factors to be considered while selecting equipment for filtration and operating conditions are
1. Properties of the fluid such as viscosity, density and corrosiveness/chemical reactivity.

2. Nature of the solid which includes particle size, size distribution, particle shape and packing
characteristics of solid particles. '

Concentration of solids in slurry, i.e, feed slurry concentration.
Quantity of slurry to be handled and its value. :
Valuable product of operation.

Necessity of washing the solids.

Initial investment.

© N O m AW

Necessity of pretreatment of the slurry for ease in filtration.
9.. Cost of labour and power.

5.7.1 Primary Filter - Sand Filters

o Sand filters (clarifying filters) are used for water treatment and water purification. The medium of this filter
is sand of varying grades. When we have to remove taste and odour, the sand filter may include a layer of
activated carbon. There are several kinds of sand filters : rapid (gravity) sand filters, slow sand filters,
pressure sand filters and upflow sand filters.

5.7.1.1 Rapid Sand Filter

s ltis a gravity filter and is widely used filter in the treatment of water. It consists of an open water tight ?ank
3 to 3.5 m deep, containing a filter bed, a layer of coarse sand 0.6 to 0.75 m thick. The size pf sand particles
ranges from 0.4 to 1 mm. The sand bed is supported by a layer of graded gravel (of the size range of1to
50 mm) 045 m thick. Below the gravel there is an under drainage system consistmg_ of a central
longitudinal conduit or manifold with st_rainers mounted on the top and pipes of small diameter callef:i
laternals that carry perforations on the sides and bottom. In the operation, water to be filtered is
introduced from the top, it passes downward through the filter bed. During its flow the suspendefi
impurities get trapped in the bed and almost clear water leaves the filter from the bottom. The ﬂlter bed is
periodically cleaned by backwashing. During backwa.shing with water, the upward flow carries the
deposited floc with it. The essential characteristics of rapid sand filters are :

(i) rate of filtration is high .
(i) cleaning is done through backwashing and

(iii) careful pre-treatment of water is necessary.
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5.7.1.2 Pressure Sand Filters 1

|
" Pressure sand filters are essentially same as rapid sand filters, except that the watelr :Sar?::e;i:st: rf?l?fr? o |
filter bed under a suitable Pressure and the filter medium is contained in a stee vity fed, is pu .
commonly used for the treatment of boiler feed water. The water, instead E?f QT';e e b Mpeg
through the bed under pressure. Such units are built as vertical or horizontal units. nd filtration is? e
for a relatively smayy amount of water and the latter for greater volumes. F’ressure s;m e B Often
carried after coagulation and sedimentation and if not, the coagulants are introduce Watey
Pipe ahead of the filters, These filters are operated with a feed pressure of 2 to 5 bar.

: . hil i
vertical pressure filters range in diameter from 0.5 to 2.5 m and height from 2 to 2.5 m, while horizop,

. fil
\ units are usually 2.5 m in diameter and are of any desired length upto 7.5 m. The pressure fiiters oceyp,

less space than the gravity filters of the same ca pacity.

$5.7.2 Pressure Filters

’

Filters which operate with super-atmospheric pressure on the upstream side of the filter medium qpq
atmospheric or greater pressure qt the downstream side of the filter medium are terme_d as pressure filters
In these devices, the filtering pressure is applied on the upstream side by a liquid pump or by 2
compressed gas. Hence, pressure filters are fed by plunger, screw, diaphragm or centrifugal pumps. Sinc

the cake discharge from a Pressure environment is difficult, continuous filters are in limited use and mog
3', of the pressure filters are batch operated.

.;;“ Advantages of Pressure filter; :

S @) Use of high filtration pressure results in relatively rapid filtrations.

,'?—- (i) These filters are compact so they provide a large filtration area per unit of floor space occupied by the filter
?\‘ (i) Batch pressure filters offer greater flexibility than any other filter at relatively low initial investment.

Disadvantages of Pressure filters :

() Difficult to adapt to continuous Processes and the operating cost is high in many applications.
(i) Continuous pressure filters are inflexible to some extent and are expensive.

* A filter press is the simplest and the most commonly used filtration equipment. Two main forms in which
this press is made are : the plate and frame press, and the recessed plate press/chamber press.

5.7.2.1 Plate and Frame Filter Press
Construction :

* It consists of plates and frames arran
piece having a ribbed surface. The fra
arrangement of plates and frames res
rectangular in shape and can be mad
plastics (polypropylene). Coated mate

* Filter cloths are placed over each plate to cover the plate surface on both sides so that hollow frame is
separated from the plate by the filter cloth. The plates and frames haye circular holes on the corners for
feed and discharge as shown in Fig. 5.5. The filter cloths are also having holes that match the holes on the
plates and frames. The filter cloths themselves act as gaskets.

ged alternately and supported on a pair of rails. The plate is a solid
me is hollow and provides the space for the filter cake. The alternate
ults in the formation of chambers. The plates and frames are square or
e of cast iron, stainless steel, nickel, aluminium, monel, hard rubber or
rials are also used (rubber or lead or €poxy resin covered),

* When the press is closed by means of a hand screw or hydraulically, a continuo
the whole length of the press out of the corner holes in the plates, cloths, and frames. The frames have
openings in the interior from the corner holes so that the slurry channel opens into th e' Interios o feame
(i.e., in the chamber formed between each pair of successive plates). At the bottom of the p| i
cored which connect the faces of the plates to the outlet cocks. plates, hole

Us channel is formed along
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le—Filter cloth

Lower part of plate

Frame

Plate I Filtrate

Open channel for filtrate ]
Fig. 5.4 : Plate and frame filter press (sectional view)

Plate
Fig. 5.5 : Plate and frame

Frame

Working :
e Slurry to be filtered is pumped through the feed channel. It runs into the chambers formed and fills the
chamber completely (i.e., frames). As the feed pump continues to supply the slurry to be filtered, the
pressure goes on increasing. Because of this, the filtrate passes through the cloth, runs down the faces of

plates and finally leaves the filter through discharge cocks. (Fig. 5.4). The solids are deposited on the filter

cloth. The two cakes are formed simultaneously in each chamber and these join when the frame is full and

no more slurry can enter into it. The press is then said to be jammed. Wash liquid may be introduced in the

ties from the solids and the cake is then blown with air to remove the

press to remove soluble impuri
residual liquid from it. The press is then dismantled, and the cake of solids scrapped off from each plate.
troduced through the feed channel and leaves the filter through the

o In simple washing, the wash liquor is in
outlet cocks (i.e. it follows the same path as the slurry and filtrate). It is suited when the cake is uniform and

permeable.

¢ In open discharge _
from each plate can be inspected and ¢
is not giving a clear filtrate. Hence, it is us
the filtrate channel runs the entlrfa length ©
used when toxic of volatile materials are to be filtered.

e is discharged through cocks into an open launder, so that the filtrate
nd any plate can be isolated from the service by shutting off the cock if it
ed when absolutely clear filtrate is required. In closed discharge,
f press into a discharge pipe at one end. The closed technique is

type, the filtrat
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Washing Press

; iccosity of the filtrate is reduce
In many presses, arrangement is done for steam heating. Due to this, the viscoaity

and a higher rate of filtration is achieved.

x 1750 mm. Operating press

These units are made in MPa by using a suitable

upto 700 kPa are commo
of construction,

Plate sizes ranging from 100 x 100 mm to 1500
n. The press may be operated at pressure upto 7

Washing of the precipitate is more easy in the plate and frame press than in th? ?::fr?et:;irvg ::;ZnTt i
methods of washing are simple washing and thorough washing. The simple washing is the wash liquadl
frame is completely full. In thorough washing, which is a more effective technique, g chIC;r
admitted through a separate channel behind the filter cloth on alternate plates. These plates alled 3¢

washing plates. The wash liquor thus passes through the entire thickness of the cake and is d'SCharg
through the drain cocks.

The plates and frames of the washing press are shown in Fig. 5.6. For ease in identification fand quﬂ'_:r:prﬂ or
assembling the press, it is common practice to cast buttons on the sides of plates an(-i rames. The n9 -
washing plate is having one button, the frame is having two buttons, and the washing p[at'e s havi g
three buttons. The press is assembled in such a way as to give the order of plate and frame in the fo :
1-2-3-2-1... etc. (Refer Fig. 5.7).

The various channels lead to connections on the fixed head. During the filtration run, ‘ )
a wash channel is closed by a valve on the head of the press. Filtration is carried out as in the non-washj !
plate and frame press described earlier. When the frames are filled (by solids retained on filter cloths), t

feed channel is closed, the outlet cocks on all three button plates are closed, and wash liquor is introdu ed
into a wash channel, i

As the wash channel has cored openings connecting with both faces of three botton plates, wash quu'
enters between the plate and the cloth on all these plates. The wash liquid passes through the cake, do 3
the faces of one botton plates, and out through the cocks on the one button plates as cocks on one botto ]
plates are open and that on three botton plates are closed. '

: /'Wash inlet Three buttons Two buttons

;X F ~Feedinlet } Q

Washing plate

A

;
L 3
'%"‘,"ﬁﬁi?{ﬁi'f U R AN

l : s
Non-washing plate

Fig. 5.6 : Plates and frames of washing press
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Filter cloth
"

Pt

Cake

—d

Cake

Pt

Closed Open Closed Open

. Fig. 5.7 : Section through Washing Press (Washing cycle)

e After.washmg, the excess liquid from the cake is removed by compressed air for easy discharge of the cake.

e In thl§ press, the wash liquid passes through the whole thickness of the cake whereas the filtrate (during
filtration) passes through only half the thickness of cake. The added resistance of the cake causes the liquid
to distribute itself uniformly over the faces of three botton plates and thus, to pass through the cake
uniformly. | | |

Recessed Plate or Chamber Press :
Recessed

/ pllate \

¥ ¥

Fig.5.8: Recessed plate and chamber press
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es is
e of fraTween the successive plates,

ssed surface of each side of .

hole or by clip nuts. The siy
e are no chanceg

t the us
d in recesses be
the rece
t the

imilar to the plate and frame filter press except tha
urface of the plates. The filter chambers are forme
1sanerally located in the centre of the plate. Filter cloth on )
f i Sealed around the feed opening by two cloths sewn togtat-herhis press as there are
ontdining relatively large solid particles can be easily handled in ¥ il fill all the opening between the
5¢kihg the feed channels. When the slurry is pumped in the press: it \:the cloths, runs down the ribbgq
Bths and afterwards as pumping continues, the filtrate passes e ach plate. This press is not adoptey |
surface of the plates and finally leaves through the outlets provided on € |
for washing of the cake.
* The plate and frame press is widely used, particularl
quantity. It can handle slimy material. =
Advantages of Plate and Frame press : i
1. Simple in construction.
Low first cost.
Maintenance cost is low.
It provides a large filtering area per unit area of floor space occupied.
High operating pressures are easily developed.
Itis possible to alter the capacity.
The majority of joints are external, so leakage is easily detected.
8.  Flexibility.
Disadvantages of Plate and Frame press :
1. Labour requirement is very high.
2. Discontinuous in operation. Periodic manual dismantling results in high wear on t
cloth life is relatively short.
3. Not suitable for high throughputs.
4. Presses frequently drip and leak, making housekeeping in the area a problem.
5. Washing of cake is likely to be imperfect.

 5.7.3 Vacuum Filters , ;
s Filters which operate with less than atmospheric pressure on the downstream side of the filter medium and
atmospheric pressure on the upstream side of the filter medium are referred to as vacuum filters. Thus, these
filters are limited to a maximum filtering pressure of one atmosphere. Vacuum filters need a vacuum pump
which is a source of the filtration driving force (it creates vacuum on the downstream side) and is costly to

operate. y

hen the cake is valuable and relatively small j
y whe

NV A WwN

F

he cloths. So the filter

e Vacuum filters are classified as
discontinuous vacuum filters {vacuum
nutsch filter) and continuous vacuum filters | Filter cloth
(rotary drum filter). ¥

e A vacuum nutsch filter is an industrial va;?um "'C
version of a laboratory scale Buchner pump —— Woven mesh screen
funnel, 0.90 m to 3 m in diameter and Gy peromtxdmell B
forming a layer of solids 100 to 300 mm '
thick. The components of this filter are P<— Filtrate
vessel, woven mesh screen or perforated Fig. 5.9 (A) : Nutsche filter

metal plate and filter cloth. Filtration is
carried out under vacuum by using a
vacuum pump.
e Itis simple in construction and thus can be made of corrosion resistant materials.

: : It is especi ’
experimental batches of corrosive materials. specially useful to fit
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| @ These filters can be desig'
i) Low labour requirement,

filtering surface i
iy The S @asily accessible for ingpe i

ction a i IS
() Low maintenance costs, " i

pisadvantages of Vacuum filters :
(i) We have to maintain a vacuum system
i) Not suitable with filtrates that are volatile

(i) Thesfa units cannot handle difficulty filterable compressible solids.
(W) Continuous vacuum filters are inflexible.

5.7.3.1 Rotary Drum Filter
o Arotary drum filter is the most

A commo onti . In this filter filtration, washing,
partial drying and discharge of . n type of continuous vacuum filter. In this filter fi 9

| ake all take place automatically.
Corlstmd on:

» Arotary dlll’um filter is shown in Fig. 5.9 (B). It consists essentially of a cylindrical sheet metal drum mounted
horizontally. It may be from 50 to 400 ¢m in diameter and 50 to 800 ¢cm long.

The outer surface of the drum is formed of perforated plate. A filter medium such as canvas covers the

outer 'surface of the drum which turns at 0.1 to 2 r/min in an agitated slurry trough. Inside the outer drum,
there is a smaller drum with a solid surface.

+ The annular space between the two drums is divided into number of compartments/sectors by radial

partitions and separate connection is made between the compartments and a special type of rotary valve.
As the drum rotates, vacuum and air are alternately applied to each compartment.

Apart from cast iron, the other materials of construction of this filter include stainless steel, titanium,
plastics such as PVC, etc. These materials give much improved corrosion resistance for many slurries.

Wash spray
Cloth covered
outer drum
Inner drum :
L [~ Cake
Doctor blade

Slurry trough

F777777777777277777
Fig. 5.9 (B) : Rotary drum filter

Working :

s The drum is immersed to the desired depth in the slurry which‘is mildly agitated to prevent the settling of
the solids. Vacuum is then applied to the portion of drum which is submerged in th? slurry throu.gh the
rotary valve. Because of this, the liquid (filtrate) is sucked into the compartment anq so'hds get deposited on
the cloth to form a cake of the desired thickness which can be regulated by. adjusting the spged of the
d With higher speeds, thinner cake will be formed and consequently, high rate of filtration will be
a:::{z\-/ed ' The f%ltrate from the compartment then goes to a filtrate collecting tank through the internal pipe

ieved.

and rotary valve.
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Wash sprays

Air connection
Continuous rotary filter

Moisture trap:rj_

Cake

Dry vacuum
pump

Air out

Z Barometric seal

Fig. 5.10 : Flow sheet for continuous vacuum filtration
® As the portion of the drum on which the cake is formed comes out of the slurry: the cake is washed by
spraying wash liquid. The wash liquid leaves the filter through the rotary valve and is collected separately in
a separate tank. After washing, the cake enters into a drying zone as the drum rotates where the cake is
partially dried by sucking air through the cake of solids. After the cake of solids has been sucked as dry a
possible, vacuum is cut off and the cake is removed by scrapping it off using a adjustable doctor's knife. A
little air is blown in under the cloth to aid the removal of the cake. Once the cake is removed from the drum
sector, it re-enters the slurry and the cycle is repeated.
* Usually, one-third of the cycle is used for filtration, one-half for washing and air drying and one-sixth for
cake removal. )
Advantages of Rotary drum filter :
1. Itis entirely automatic in action and thus the man-power requirement is very low.
2. With cake consisting of coarse solids, it is possible to remove most of the liquid from the cake before
discharging.
3. It ha; a large ‘capacity for its size. Therefore, it is widely used for the filtration of large quantities of free
filtering material.
4. By ch.anglng the s:peed, it i§ possible to E.)uilt up cakes of varying thickness. With fine solids, the thickness of
cake is small and is large with coarse solids.
Disadvantages of Rotary drum filter :
1. The maximum availab:tpress;';? dirference is limited to less than one atmosphere,
o g 1% m filter, ; . e L T
s ;;\cs)i;t being a vacuu €f, a difficulty is encountered in the filtration of hot liquids duye to their tendency to
3. It cannot be employed for materials forming relatively im
removed from cloth. .
4. Initial cost of the filter and vacuum equipment is high.

Vacuum Filtrate
receivers

F Was

permeable cakes or Cakes that cannot be easily
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5.8 CENTRIFUGAL FILT .17 Filtration and

RATION
¢ In case of slyrrjes containi

operation can be capri

L ]

In Fig. 5.11 (a), a Station
than liquid). Since
above the solids.

Fig. 5.11 (b) shows that the bow | i
1
acted upon by two forc i,

Normally, the centrifugal forc

If the wall of the bowl is perforated and
screen as shown in Fig. 5.11 (¢), the liq
liquid quickly flows out of the bo

s by pressure resulting from the centrifugal action, i.e, b
iquor ' g , i.e, by
quor passes through ¢ the solids are retained by the medium.
eed is stopped and the cake of solids is spun for a

ion and filtration are illustrated in Fig. 5.11.
ary cylindrical bowl contains a slur

. ry (liquid + particulate solids of greater density
he bowl is not rotating, solids will sett|

e at the bottom with a horizontal liquid surface

g about its vertical axis. In this case, the liquid and solids are

_ e acting downward and the centrifugal force acting horizontally.
€ Is very large as compared to the

€S = the gravity forc

perforations are covered with a filter medium such as a fine wire

uid is free to flow outward but the solids are not. Almost all the
Wl, leaving behind the cake of filtered solids

: | |
Liquid
T T P louid
7, v, ) ‘ i
E\Solids ., : Sollds Solids
(a) (b) - (c)

Fig. 5.11 : Principles of centrifugal separation and filtration
(a) Bowl stationary, (b) Sedimentation in rotating imperforated bowl,
(c) Filtration in rotating perforated basket

5.8.1 Centrifugal Filters

i ' [ i t utilises a centrifugal force for the separation of
i trifugal is any rotating machine tha S @ | ( A ‘
? c?gt?fugesgl:dcse:s we%l as for the separation of immiscible liquids of different densities. The essential
iquid from

Component§ of a centrifuge machine are :

i 2

2
3:
4,
5

a rotor or bowl in which centrifugal force is applied to the contents of bow,
r

a drive shaft, .
a drive mechanism e.g. electric motor, d
a frame for support, and align these an

a-casing.

Scanned with CamScanner



Filtration and Sed;

Unit Operations-1 5.18

Suspended batch centrifugal - Batch centrifuge

Construction : g is the top-suspended cenyyc
]

, processin

diamet i
Thz 2t speeds petween 600 to 1800 rpn, N

¢ The shaft is driven from above b,"
ed with a filter medium on the j,

]
-

er of the basket ranges from 75

A batch centrifuge which is commonly used in industria 5

(See Fig. 5.12). It consists of a basket with perforated sides.
1200 mm and depth from 450 to 750 mm. The basket rotate
basket is held at the lower end of a free swinging vertical sh

i Sicy
electric motor. The perforated sides (walls) of the basket are Cov'erh o connection at the bottor JT \
The basket is surrounded by a casing provided with a filtrate discharg .

- r‘

inless. In case of mild steg ,, '

basket and other parts may be constructed of mild steel, monel and stain te
may be lined with lead, rubber, etc.

Adjuslabrq
unloader knife Motor shaft Feed slumy

\fb“/ -

FiItercloth—A{ Solid cake F /Casing

Perforated basket
/

—Filtrate

Solid discharge

Fig. 5.12 : Top suspended basket centrifugal

These machines are widel i
_ Y used in sugar refini h
2 to 3 minutes per load. : "G They operate N sugar refining on short cycles of
ort cycles
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1200 4 Rinse spin dry

1000

- Acf;uclelerale to
|
g 800 Speed Decelerate
'u;s
g
[ve] 600"‘ -
4004

loading speed

200

-
a -
_—— -

L Unloa

Fi Time in min —-
1g.5.13 : Typical operating cycle of a batch centrifuge machine

In case of bottom discharge under driven machines, the solids are plowed out through openings in the

floor of the bas_ket.as in top-suspended machines. A typical operating cycle of a batch centrifuge is
composed of various steps such as

(a) accelerate to loading speed,
(c) load,
(e) wash cake,

(b) rinse screen,
(d) accelerate to full speed,
(P spin to dryness,
(g) decelerate to unloading speed, and (h) unload.
* The drive may be variable-speed electric motor, either direct or through V-belts. A typical operating cycle

for a variable speed automatic basket centrifuge is shown in Fig. 5.13. Centrifuge machines are also called
as hydroextractor.

5.9 CONCEPT AND PRINCIPLE OF SEDIMENTATION

* The separation of solids from a suspension in a liquid by gravity settling is called sedimentation. The gravity
force is responsible for the motion of solids through the liquid. In this operation, a dilute slurry is separated
into a clear liquid and a slurry of higher solids content. The Dorr thickener is a common piece of equipment
used for sedimentation.

* Removal of solids liquid sewage wastes (waste water treatment) and removal of suspended impurities from
water to be used for domestic and industrial purposes (water treatment) are examples (application) of
sedimentation. 5

* Sedimentation is one of the most widely used processes inthe treatment of water. The simplest method of
removing the suspended impurities is by plain sedimentation. The water is allowed to stand quiescent or
move very slowly through a basin until the suspended impurities settle to the bottom of the basin and

relatively clear water is drawn off from the top. The degree of removal of suspended impurities depends
upon the length of retention period, the size of the suspended impurities and the temperature of water.

5.9.1 Types of Settling
* There are two types of settling processes by which particulates (solid particles) settle to the bottom of a
liquid. 1. Free settling. 2.Hindered settling.
5.9.1.1 Free Settling
* Itis the settling of the particles unaffeced by the other particles and the wall of the container.

* It refers to the process wherein the fall of the particle in the gravitational field through a stationary fluid is
not affected by the other particles and the wall of the container.
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e In this process, the individual particle does not collide with the other particles or with the wall of the
container. This requires that the particles be at a sufficient distance from the wall of the container and also

from each other.
o This type of settling process is possible only if the concentration of particulate solids in a suspension is very
low.
5.9.1.2 Hindered Settling :
iner.

ry fluid is

It is the settling of the particle impeded/affected by the other particles and the wall of the conta
gravitational field through a stationa

o It refers to the process wherein the fall of the particle in the
affected by the other particles and the wall of the container.
the container. This require

and with the wall of .
pension

In this process the particle collide with the other particles tain
and the concentration of solids in a sus

that the particles be close to each other and this is turn dem

to be high. .
Hindered settling is encountered when the concentration of solids in a suspension is large.
falling velocity under free

For hindered settling, the settling velocity is considerably less than the terminal
settling condition.

5.9.2 Concept of Terminal Falling Velocity
the influence of gravity, it will increase in velocity until the

accelerating force (force of gravity) is exactly balanced by the resisting force (drag force). When this
happens there is no further change in the particles velocity and the particle will settle at a definite constant
| falling or terminal settling velocity of the particle.

velocity. This velocity is known as the termina
The terminal falling velocity of the parti'cle is affected by size, shape and density of the particles as well as

o °If a particle is allowed to settle in a fluid under

the density and viscosity of the fluid.
elocity of a particle freely falling in a fluid is the velocity of the particle when the drag

e The terminal falling v
force equals the downward force of gravity acting on the particle.

5.;10 DIFFERENCE BETWEEN SEDIMENTATION AND FILTRATION
Filtration

Sedimentation

1. Filtration is defined as the separation of solid

i particles from a suspension by using a porous

gravity. medium which retains the solid particles and allows
: the liquid to pass (through it).

2. The gravitation force - force due to gravity is | 2. The pressure diff
. : . : 4 erence across the filter ium i
responsible for separation (by sedimentation). responsible for separation (by filtration) medium is

1. Sedimentation is defined as the removal of solid
particles from a suspension by settling under

3. Filter medium is not required. Filter medium is Sy

— v ot 2 "
4. The concentration of solids is very low in the | 4. The concentrat ids i
ion of solids is very large i
in the

suspension to be handled. suspension to be handled in cake filtration
. i lear liquid is the product of | 5 : :
5. In sedimentation, 2 ¢ . In cake filtration, wet cake ids i
. _ : of solid
operation. Opeération. SR
ns and thickeners are the | 6. Filters i
: Press, rotary drum fil
ter etc. are the

6. Sedimentation basi
equipments used for

dimentation. - equipmen fi
se . - .wr iitration.
ded from sedimentation. | 7. Usually a filtrate ; di fr |
1s discarded filtrati

7. Usually a sludge is discar

——
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511 pIFFERENCE BETWEEN SE e Filtration and Sedimen-2===
S Sedlmentatlon I’lMENTI\TN:)N AND CENTRIFUGATION
'I/E;e-’se;aration of sm Centrifugation

, ; s as ion i i
fquid by gravity settling is =il d-USpenSI‘on In a1l The separation of immiscible liquids or solids from
edimentation, liquids by the application of centrifugal force is

iyt call i i
mr—avuatlon force is responsible for separatio > alled centrifugation.
¢ A n., : i i i ion.
/;h—e—?t;fvc e of gravity Is com The centrifugal force is responsible for separatio

P
" thus separation proceed sIOal;vanvely very small and | 3. The centrifugal force is comparatively very
. grate/high and thus separation proceed very/

mntation T enormously fast.
b sedimentation. nd thickeners are used for | 4. Various types of centrifuges are used for
centrifugation.

~+2 DIFFERENCE BE
2.1_2____ TWEEN SEDIMENTATION AND CLASSIFICATION
r’—' Sedimentation , Classification

’-_-f H .
1 The'dsgpar::l:?n of ?olld's from a suspension in a | 1. The separation of solid particles into fractions
liquid by gravity settling is called sedimentation, according to their terminal falling velocities is

called classification. )
2. The two products resulting by sedimentation are a | 2. The two products resulting by classification are a

clear liquid and a slurry of high solids content partially drained fraction containing the -coarse
(sludge). : material and a fine fraction along with the
| remaining portion of the liquid medium.
3. Liquid medium is not required. 3. Liquid medium is required to effect separation.

513 LABORATORY BATCH SEDIMENTATION TEST
AND SETTLING VELOCITY CURVE '

¢ The mechanism of settling may be best described by batch settling test in a glass cylinder. Fig. 5.14 shows a
series of observations of batch settling test. :

>

:.:- — E

le—DB—]
R
%%
s 28 A RA

c— 0

L)
M

e a8 o
(]

e tee s

se® o0 o

et
(1]

.®
.

s%ete
e
L) l. L] L]

0,

le—D—»

(b) (c) (d) (@)
Fig. 5.14 : Laboratory Batch Settling test (Batch sedimentation)

* Fig. 5.14 (a) shows a cylinder containing a newly prepared slurry of uniform concentration of uniform solid
tic soon as the process starts, all the particles begin to settle and are believed to

i ughout. As o i .
sart:g:cshth::pigly terminal settling velocities under hindered settling conditions. Various ZOnes of
cgzcentration then are established as shown in Fig. 5.14 (b). The heavier faster settling particles settled at

the bottom of a glass cylinder are indicated by zone D. Above zone D forms another layer, called zone C. 3
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region of variable size distribution and non-uniform concentration. The boundary between C a”g B
usually obscure and is marked by vertical channels through which fluid is rising from the lower Izor:; as it
compresses. Above zone C is zone B, which is a zone of uniform concentration, of aPP"J"‘mE:lte ¥ a:—’ SaMme
concentration as that of the original pulp (suspension of solids is referred to as pulp in .mtzta ‘:Lg'r; . ":Ork).
Above zone B is zone A, which is a zone of clear liquid. If the original slurry is closely sized Wi pect to

the smallest particles, the boundary between A and B is sharp. | |
(c), (d). The heights of

As sedimentation continues, the heights of each zone vary as shown in Fig. 5.14 ‘(b), st ATer Titthieg

zones D and A increase at the expense of that of zone B while that of C remamssh :iik furth‘er Bchuse of
i i i i one D may

settling, zones B and C disappear, all the solids appear in zone D, but z D is expelled in a clear zone,

compression. During compression, the liquid associated with the solids in zone

- ; : i vary with time,
In a batch sedimentation operation as discussed, depths (helghts)'of vanm? icr”f:::ion ;)yrocess o
The same zones will be present in continuous thickeners, but in a contlntfous se 1:\ o ciibe Sones o
the steady state is set up, the heights of each zone will be constant. Fig. 5.15 sho

Fig. 5.14 may be arranged in a continuously operating equipment such as a thickener.

Feed
Feed well Overflow
Clarification zone _l 4 I.
o
Seting zone 3 :g
; 8
Upper compression e
zone 2 £
£
Compression zone _ % Ulimate height
1 =
1| 1 b
. « (3] -
Underflow  Revolving rac Time —»

Fig. 5.15 : Settling zones in continuous thickener Fig. 5.16 : Batch-settling results

In batch settling test carried out in the laboratory, the height of the liquid-solid interface (between zones
A and B) is measured as a function of time. When the experimental data of height of interface v/s time are
plotted, we get the curve as shown in Fig. 5.16. The slope of this curve at any point of time represents the
settling velocity of suspension at that instant. During the early stage of settling process, the rate of settling
is constant, as shown by the first portion of the curve. As time increases, the settling velocity decreases and
sltesdily d:jops untifhthedufl;cimate height is reached. The batch settling test will give a different curve for every
sludge and somewhat different one for different ¢ i i i

cont?nuous =i oncentrations. Such batch tests are the basis for design of

Thickening in sedimentation ‘tanks is the process in which th i iti
: e settled im
compacted on the floor of the tank. PR U O ad

Thickener

Indt{strially, sedimentation operations may be carried out batchwise or
a thzckener:. A thickener consists of a relatively shallow tank from the t
and the thickened liquid is withdrawn/removed from the bottom

In majority cases, the concentration of the suspension is hi ;
: . - gh and hind -

sedimentation can be artificially increased by the addition of coagulat?r:;dasgeet:‘lt!:g ta:es Place. The rate of

SUCh as alum, etc. which

continuc.msly in an equipment called
op of which a clear liquid is taken off

causes the precipitation of colloidal particles and the formulatio
] . R : n of fl N
heated which causes reduction in the viscosity of the liquid. Furtheroctt,s' The suspension is also frequently
with a slow stirrer which helps in the consolidation of the sediment ar'ld Is
of the suspension. ' © reduces the apparent viscosity

e thi i
i ickener s frequently provided
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Fig. 5.17 : Schematic diagram of a thickener
5.14 TYPES OF THICKENERS

5.14.1 Batch Thickener

th a dilute slurry, and the slurry is
an adequate time, the clear liquid is decanted
thickened hquid (sludge) is withdrawn from the bottom

allowed 10 settle Atter the sedimentation has proceeded for
until sludge appears in the draw-off and the
opening as indicated in Fig 17,

5.14.2 Continuous Thickener

A continuous thickener, such as the Dorr thickener consists of a flat bottomed, large diameter shallow-
depth tank. It is provided with slow-moving radial rakes drrven from a central shaht for remaving the sludge
The slutry is fed at the centre of tani 3t a depth of 03 m 1o 1 m below the surface of the liquid, with a very
Ittle disturbance The clanfied hquid 1s continuousty removed from an overflow which runs around the top
edge of the tank (a launder) and the thickened kquor i cortinuously withdrawn from the outlet at the
bottom The slowly revolving rakes scrape the shudge towards centre of the bottom for discharge and

remove water from the sludge as it stirs only the studge % are continuously moving
downwards, and then inwards 10 the sludge outlet, whereas the liquid is moving upwards, and then rapidly
outwards (Refer Fig 5 18).

The two functions of the thickener are -
1 To produce a dlear liquid. and 2 To procduce a given degree of thickening
For the production of clear liquid the upward veloci

velocty of particles. Thus, for a given throughput,
Capacity of the thickener.

of the suspension,
ty of the liquid must always be less than the settling
the diameter of the tank determines the clarifying

.
L 1 _L—rm“l ___b— Overtiow

Army ro— Shati

MUWWW with scrapper

Fig. 5.18 : Dorr thickener
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5.15 COAGULANTS AND ROLE OF COAGULANTS IN FILTRATI
/ANDSEDIMENTATION ———rer olum) and ferous

‘ ) d alu
e fh LB v_v:ldg\y used coagulants are ; aluminium sulphate (usually calle
\ IsUipAdte (alsoek OWn as copperas).

e excellent floc
. of water becd to react alum to form

\ 'w- ost commonly used chemical for the coagulation =

w s ; N ing. In orde e sl

ti éhden , its relative economy;, its stability and ease of cleanl i ipdgits '

\&m : : I}:nity:nrcallf;;ts; 6 to 8. It may be added in
ep

L

precipitate, it is necessary that the water should have some a'lka
ash or lime to water. It is found that alum coagulates best in t
powdered form or in the form of solution.

* Chemical coagulation consists of adding small amo
, precipitates which coalesce with the suspended impurities a
r 3 coagulants are added to sedimentation tanks, the settling ©
supernant liquid will be very clear. .
* It is not possible to remove, as such, finely divided and colloidal parti
producing compounds from water by use of sand filters. In order to remov
are added to the water prior to filtration. When alum is added to water, It ¢ of al
artificially created alkalinity of water with formation of the flocculant precipitate

i-h form flocculant
water Wthh a
unts of coagulants t0 1o sink rapidly. When the

e them _
? c:ofii!usgaanicies will occur rapidly and the

cles, micro-organisms and colour
ove these from water, coagulants
gets hydrolysed by natural or
uminium hydroxide.
ed in sand filters.

: o v
Yo The finely divided suspended matter, etc. gets adhered to this precipitate and are remo
;,.-' [SOLVED EXAMPLES] .
i Exa'mple 5.1: For a sludge filtered in a washing plate and frame the filtration equation v = Kt ho_!ds goocfbv;/lhefe
, V is the volume of the filtrate obtained in time t. When the pressure is constant, 30 m?’ of filtrate is obtained in 1
!: ¥ . (. Calculate the washing time if 3 m® of wash water is forced to the cake at the end of filtration.
\\! (i) If the filtering area/surface is doubled keeping all other things constant, how long would it take to obtain

‘ 30 m® of filtrate ?
! ~ Given : The rate of washing is one-fourth the final rate of filtration.
* Solution : The filtration equation provided/given for a constant pressure filtration is
{ V2 = Kt -
where V is the volume of the filtrate obtained in time t.
{' Differentiating the above equation, we get

{,.’ 2VdV = Kdt
i v _ K
dt =~ 2v

We have : V2 = Kt

V2
. K&
. ” 3, 30)?
Given: V=30m° t=10h, K='(?)L=90m5/h

The final rate of filtration is given by

(ﬂ) e i B ;
dt); ~ 2V "2x30 =13 mh

Given: Rate of washing

1
3 (final rate of filtration)

1 3
= 7%(15) = 0375 m¥h
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In the classification opernhon the cour\-. sulids that ure settl s

fluid pulp are “emoved by gravity, mecmNcal means or _ﬁnduced..

which do not settle lo report as overflow from the peol.

verflow from ettling/set
All wet classifiers depend upon the difference in rate :gs upon its B

coarse and fine particles. The settling rate of a parlicle depe Fiadered sottli

the particle will settle under the conditions of free settling or distance from g
s
the concentration of salids. @zn the particle is at suﬁm:; t;ﬁlem the process 18 called [

and from other particles, so that its fall is not affect ‘ tions of solids t0 liquid)
settling]In practice, the concentrations of suspensions (high concentra lzo other and thus the
used in the industry is usually high so that the particles are very clgse ti ogn of the particle is
collision between the particles is practically continuous. When the mobl

s is called hindered
impeded by other pa:tlcles as they being very close to each other, the proces

scttling. l

Gravity settling tank : vl a0

&

tling _rate between
76 and density and
e depending UpPOn
he vessel walls

ons for a smtable
It is the simplest type of classifier. It cons:sts of al Mh prOVISl

" inlet and outlet. £

A slurry feed enters the tank through aulnm&oili"h,-‘m- As soon as the Eﬂm feot Bepers
the tank, its linear velocity decreases as a result of the enlargement ol pmss-sectlonal area.
 Solid particles start to settle under the influence of gravity. The faster-settling particles
(coarse particles) will be collected at the bottom of the tank near the inlet/entrance, while the
slowes- scttling particles (small particles) MLMMMELA%W th‘“"
_reach the bottom of the tank. The very fine particles are carried aw&y/i’tljbﬁ_liqu@ﬂﬁw
- from the tank. Verlial bafflss platad at varions distances from the inlat =%~ ¢ jank giiow

for the collection of several fractlons {different grades of particles) according to the terminal

falling velocities. Because of occurrence of- conmderable overlgpplniof size, no sharp
separation is p0531hle with this class:ﬁer ' . L

Fluid i
In_,__}r-*-v s

T Ky wid
wide range of fa—— _gu_l
particle sizes = - h fine
partides {fines)

= Coarse particies
e G
B = Intermediate particles

C = Small particles
Fig.4.1: Gravity settling tapk
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:’ s 0 < ' int down, with a discharge
ne (conical vessel), installed poin !
< VRS '

A cottlaniion i Mary 8 ). The food is introduced in the form of a suspension through
the cone) 1R ) L T 3 fraction
hadec s 8 tmt;f entre at the tap The coarse fraction (the partially drained frac i
od inlet provided at the centre at the ks " te, at the apex) and s
a:ﬁ@:& Th?foana material) collects at the point of the cone .(\e. ‘ “” i
S ein iodically er continuously. The fipe fraction along with the h\.mnm\; ‘g ;‘;3 ‘, '
i wn periodically ) ‘ 3 1oved with this
“Mﬂhdrz‘t "3;,&; moved from the launder as an_overflow, The separation Mhlu_& . i
ik B imate one cﬁﬁmnm. though one of the oldest types, are still usec
s mate one. Lone cassihers 3 : X g
unit 1s unl.\'anapgﬂm iy £ low oost of installation. Thoy are used in n:?_.dEcsSIIEg
for relatively erude work because of low tst « § ’

plants.

Coarse malenal

Fig.4.2: Cone classifier

ifier: . - Bl —
M  This classifier uses hydraulic water for classification (a stream of additional wator
; raulic wator), '

cone- dlassifier is shown i Mg. 4
F A5 AiCh is V - ! 1

g uch i ,,g_gggo:nd_ hollew_cane, I'he inner cone

mdownwards and 1s movabie in a ya, Lical arroction.

\Way and its position Gxeightl_rclp,t.i\'c

*hown),

3. It consists of o conical vessol inside of
is_slightly largor in anglo, arranged apox
L 1Y . .

Che bottom portion of the inner cone {s cut

e Ta—

€ o the outer cono is regulated by a serow n(ljlist:x{tpf,(;ip_t

The fe i i p . |
. ded t be separateq i fed in the form of @ gugpension to the centro of the inner Cong.
Ritt flows cownward through, ! . . i

: ey et T |
,_QEQ__mgfi:g@Q and ut at a bafflo at the bottom of the inner cone.

§ VM

f inl, T from_the imner cone
&\‘m"&rgﬁ‘l}??ﬂ below the innor

PRIt i

b ‘ .
— W cong and thon flow through an annulua
2 Lones. Classifieat: P R : [
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. Coarse solids/partidles
Fig. 43 : Double-cone classifier
i M—“—\

Mechanical Classifiers:

-

Y o ‘ 5 °y ((h
Rake classifier ;: The rake classifier such as the Dorr classifier consists of rectangt;Rr
tank with a shpmm”nolmed bottom The

tank is provided with movable ml_:gs (renprocatmg :
ra‘:es' The feed in the form of ¢ 3uspeiiaion (slurry) is mtroduce\. Goly - by,

widdle of the.tank, The lower end of the tank haa 8 weir oV
P‘*‘“—_*_'

“the fines that are net settled leave mth the overflow llqmd The
particles) sink to the bottom of the tank

bottom of the tank waimMEfor disch
Teciprocating rokes keop the, 08

heavy nateris] (enz rger
3 ser the sett]ed solids upward alorz

Fig. 44 Ruke classigyqy
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 spiral classifier bl
r fer is the ml;/,dﬁs,iﬁer. The spiral classifier guch as the
h (a trough which is gemicircular in

Another ;g_gqhaniga[ classl :
4 classifier consists of 8 semicylindnéal trough’ .
S zontal. The trough i8 rovided with a slow-mtatin gpiral

d. The gpiral conveyor moves the golids which

da

Slurry 18 fed continuously near i
ttle and are carried out _wit )

e to settlé

that fines_do_nct bave time
: Jos have time 10 celtle, they secttle to the bottom of the trough
oor of the trough toward the top 0

 the settled solids upward along the fl

product discharge chute.
r close-circuit grinding. '

“Rake and spiral classifiers are used fo

Overflow/
product ‘
o P ~—Fig. 4.5 +Spird plas;‘iiﬁer M -
& 'Cycloﬂm s Cyclone separators: = 4
ttling phgmber in which the gravitational

. " “x i .
W A cyclonelcy
force (to increase the

5. cione separator 18 esseﬁtially- a se
& separating force ?s replaced by & much stronger centrifugal separating

on of solids from fluids. They ofter
erticles from-gases)
fugal force to effect
nes &re

rie= e
» sabinne rotad
g o,

Cyclones/cyclone separators are used for
llection

g5 . ; the separati
?;‘;"; ::‘; zﬁzt :;itansxve mea?s of dust co (separation of dust p
= the separationiah' ;lng aj?d an ‘investment view point. They utilize centri
ich depends on particle size and/or on particle density. Thus, cycio

article flensity or both.

g - used to eff "
5 to effect a separation on the basis of particle size oT P
a cylindrical vessel consisting of & top
ning - & short

It consi .
nsists of a tappering cylindrical vessel, 1.€-,
inating in an apex Ope

§ vertical secti 310 :
vmi:al ::fih:;n an;xu lower conical/tappering section term
; nder which i
ch is closed by a flat plate on tcp and by a conical bottom (Refer Fig: 4.6)

g It is provided witk :
: ith a tangential feed inlet nozzle in the cylindrical section near the 0P and a8

outlet for the ga
e eit:;;!‘i:‘?lly 01} the top. The outlet is pro ided with a 'd_ewnwmd extending plpe -
ward-into the cylindrical gection - to prevent th_a” ' b_ortr-oircultinx

i directly fr ‘ &
4 om the inlet to'the outlet and for cutting the vortex. i
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ey 4 44
e i . St ——— - — m-m.f-q—-—u.‘-ucm

- thrown_out against the wallg, tza

) see oBIMIS roi

v wanewrt
e
- W -

: e tmmRRERCE

i ases, the dust laden +
c+ticles or mist from g
In this separator, used for the separation of dust perit at a high v olocity (30 m/a).

cal vessel
B | . L  the wall of the vessel and they drop into
Centrifugal force throws the solid particles out agains

- ‘The clean gas is
bottom/apex opet... - -
a conical section of the cyclone and removed from i

e e e o dusts. These units may also be

: IS
Cyclones are widely used for collecting heavy and coa
used for separating coarse materials from fine dust.

Liquid Cyclone (Hydroclone): £ solid articles suspended
Cyclone separators may also be nsed to effect the classification of soid p
in a liquid. In such cases, the commonly used liquid is water.

Liquid eyclone has ‘a top cylindrical section and a lower conical section termm;t:l:l:haz
apex opening. The top vertical section is covered by a flat plate-and ie-provide d
tangential inlet at the top. The cover has a downward-extending pipe to cut_ the vortex afl
remove the overflow product since the viscosity of water is much higher than that of a gas, the
fluid resistance encountered in this cyclone is greater thar: that in the cyclone used for dust
collection. Therefore, the diameter of this cyclone must be amaller in order to get a
corresponding greater/larger centrifugal force. Consequently, the diameter of cylindrical
section i3 less than 375 mm and the cone engles are 15° to 20°. Inlet pressures of the feed
(induced by means of a pump) to the éclone lie between 5 to 120 psi.

The slurry feed is pumped into the cylindrical section tangentle.lly

Coarse or heavy sohdg
, travel down the sides of the -cone section and are disciturged in a
pastially dewatered form from the apex, while-the smaller or hghter solids along mtn the
remaining portion of water are removed from the dow

nward extendmg pipe at the tap. Liquid
c}'clones find apphcatxons in degnttmg operations

EE T

ic- aluming pruauc*..;on 2iass
plgments and ore-dressing practice. e : lfymg i
St : i i s
Dust : __ Feed | iy
laden gas ! : ;rl‘;ncdﬁr :cal - solids +water

Tangential _
inet Conical
section

L——bSolddust » ‘ iy L

| ] Coare material + wager
CE AR e
Fig.“ cmwycbm Fig. 4.7; s Product)
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Jigging
Ajigis a mechanical device usod for the separation of materials of difforont wpovin

! gravities by pulsating & stream of liquid

resting on & screen.

#

(usually water) flowing through a bed of wmaterinhs

Jigging is a method of separating materials of different specific gravities by the pubanbion

of a stream of liquid (water) flowing through a bed of materials resting on a screen.

[pulsate = oscillate =» move or swing back and forth at a regular rate.

Jig = move up and down with a quick jerky motion.]

; Principle of operation :
Jigging is & process of gravity
differences in behaviour of particles through a moving

concentration where solids are separated based upon the
fluid which in turn, depends upon
ent specific gravities is achieved by

B den
% the pulsation of a liquid stream flowing through a bed of solids on a screen. The liquid pulsates
:al to move towards the bottom of the

‘::_' orjigs up and down and this action causes the heavy mater
i: bed and the lighter material o rise to the top. Bach product is taken out separately.
Applications : -
© Jigging is'used for concentrating
employed. for coarse material having a size 20-mesh
R sizcable/fairly large difference between the effective specific gravity (effective sp. gr. = sp. gr-

®3 of wineral - sp gr. of water) of the valuable and the waste material.

sities/specific gravities. Separation of solids of differ

beavy minsrals from the light minerals. It is pouhhonly
and above and where there is a

g% Jigs are simple in operation, consume very large cnluantities—‘ of water and have high
R tailings losses.on metallic ores. They are used mostly to treat iron ores, few lead-zinc ores, etc.
B8 Jigying is widely used for the concentration of coal. ; | :
Yydraulic Jig : | b4
It operates by p_rovidi'ﬁg very \hort periods for material to settle due to which the particles do
not attain their terminal falling velocities and initial velocities cause the separation. Thus,
it1s suitahle fur the separation of materials of wide size Tange into the
8 Constraction:
ki The hydraulic jig is shown in Fig. 48. It consis£s of a rectangular section tank with a
teppered hottom. The tank is divided into two portions/compartments by a vertical baffle.
3 In one compartment, a plunger is incorporated. It operates in 2 vertical direction giving 8

& pulsating motion to the liquid. In the other compartment, & sereen is incorporated. The
ided with a connection for

:' :ep:iratit?n of material is carried out over this sereen. It is provi e
' ] eding liquid during the upstroke. It is also provided with a bottom discharge connectioh

ir constituents.
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A antea wb Lha aide of fig for tha Fhmral o
the removil of wmall particlon of hoavy material and gates il the o

barticlea sattlod on the sereon and for overtlow,

Plunge e Waitle

g B
) P ‘!".
| U S

3-,::{::*’!

Valve
‘ Valve apen

1 tlosed

!

:

; P
t : (n) Downward strole (b) Upward stroke

Fig. 4.8 : Hydraulic jig .
Working :
: The matorial to be separated is fed over a screon and is nubjected to a pulsating action
" oscillating liquid with the help of a reci

' " i°F

procating plunger. During the upward stroke of the
} plunger, input water jg taken into the jig and thore is no net flow through the bed of solidg,
i = Duiingshe downwerd stroke, water inlet is closed and particles on rha
!

L Smell and denge material passing through the calle .
| s g ' 8% the screen eollgaeq at the bottom of the
a Small size less denge waterial in the liquig overflow. |
’ 3. Large size dense materig) segregated near g gop.

side | o Temoved through g gage o0 the
4. Large size less dense material segregateq aboy
.. .

e 5 agateat theside. s dense Materia] Iemoved thron'gh

Flotation refers to an operation in which one solid jg '“Pﬁ |
one of them at or on the liquid surface, 15 froth flotatjoy, sep::::.d " @nother b, floating
F g e e : YT 'n of & ggj;
| ee
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wm&&&mvﬁmﬁwmm A 3~4&ue4-ﬂ\ :
crmmecdy weed in mineral dressing. Mineral dressing refers to the inerals 12 8 tailings '

or zeer the mine e t» produoe R 0T DAN?

, compesed of waste ¢r ks vafustle miverals
! Flatating = she setion of Doating = also Sotata]
g . T oo , & 3.,1,&;,431:\1"‘»3311\&!511.
Proth Hrtation is used for treating the metallic ares that ave i ok

i cortein mem-poetallics that sre Sner than 10 to 48 mesh. It is net ;m.s:wmm‘a‘ “““ﬁ 5
Gomd by ot fotation a5 the ssme cannot be suitably mixed and suspendad by 2 Rostatie

machine,

ar ool

Seperstion of s mixture of solids vsing froth flotation metheds depends on the difference in

secface properties of the msterials involved (hydrophobic or hydrophilic). If the mixture 18
rxszended in sn sersied BHquid, the gss bubbles will tend to adhere preferentially to the
which is mare &ficult to wet by the liquid (hydrophobic) and so its effective density
e =3 w3 be recinced o such en extent that it will rise to the surface (i.e., it will float on th- surface of
= the Bomid) and the materisl which has affinity for the liquid gets surrounded by the liquid and
aF & will simply sink, thes, acdhieving a separaticn. Frothing agents inducing the formaticn of a
_ * Ereth of sufficient stabilily are added to suspend or retain the particles in the froth on:the
& sorface befiore they are discharged.

s,

R CE A

PR P

s . - s

E ;-- &lmost gl the minsrals and inorganic solids are hydrophilic, as the surfaces of these

': B soiids get easily wetted by water. Hygirophi_lic solids are unflotable as air bubbles do not”
3 wrround or sover them to form a partida bubble aggregate. However, Grese solids c2n be wude
S fhydrophobic (water repellent) with the help of reagents known as collectors or promotors. The
S colleciors or promotors are the materials which selectively render the desired particles air-

Seid end water repellent. - < -
« Promotors are materizls which are adsorbed on the surface of the particles forming a .
unimolecular layer. A eommcaly used promotor is sedium cthyl xanthate.

: ¢ Collectors are materdals which form surface films ¢n the particles. A commonly used

MM collector is pine oil -

» Frothing agents{Frotheis are materials which

‘ produez a froth) of sufficient stability in order to relain the

OB - which is to be floated to be discharged as an overflow. Commonly used frothers are

' liquid soaps, pine o, cresylic acid, methyl amyl alcohol and methylisobutylearbinol.

S The valuable concentrates from froth flotation may be either the froth prod =t which is

@..1\.c:cd and removed from the top, or the underflow product. In case of metallic s lfide ores of

Bioo0er, zine, nickel, lead and native gold and silver, the valuable product collects i1 the froth
14 removed is from the top. In glass-sand flotation, iron bearing minerals collect 1 the froth
& while valuable product (high grade silica) is removed as underflow product. -

induce the formation ui a froth (which
paticles of the constituent
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4.10 Methods ot Separation of Solids ...

=
P
)

)

)

)

Flotation Machine/Flotation Cell: ° _ :
Construction : \

The mechanically agitated cell cor.ists of a tank having square or circular cross-section.
It is provided with an agitator which violently agitates the pulp. The air from a compressor /
blower is introduced into the system through 2 downpipe surrounding the impeller shaft. The

bottom of the tank is conieal and is provided with a discharge for tailings. An overflow is
provided at the top for mineralised froth removal.

i Botiom :
6 ) e Fig. 4.9: Froth flctation eel (Lab. model)
‘Working : =Wy i L g

)
>
)
).
)
)
J
)
|
B
&
®
®
®
)
&
o
e for tailings sink to the bottom and o
O
0
0O
O
G
0
G
G
G
0
M

u! bejore
removed from the discharg, |
Electrostatic Separation ;

Principle : If gne o more of the materiz} '
e ’ nais of a granyl

&r mixture can acquire g surface

- -d, the aing 1 S,
A ' the active electrode e Sl o .'ir ins/particles of that material
charge on grams/particles, ;

I depending upon ihe sign of the
Electrestatic Separation is a method of 1
\ 1i v i §g i
attraction or repulsion of charged Py OE:SOL
the difference in electrical Properties of differen
separation. -

OWing methn g *his separation. g Partici
(i) Contact electiification,

(ii) Electrification by conductive inductién_
(iii) Electrification by bombardment.
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is one of the major el ctnfication mechanisms f?r
als by this method. When anuncharged sohfl
ce of an electric field (i.e. when it

Cly acquire a surface charge by
- +he grounded conductor (it
r within a very shert period of
rticle is polarised and thus no

ctive induction
tion of solid materl
d conductor in the presen

urface), the particle will rapi

Electrification by condu
the separation or concentra
particle is placed on 8 grounde

comes in contact with a charged s ;
~ induction. A conductive particle acquires the same charge a

becomes charged to the same potential as the grounded condlib'gb
time) through its contact with the conductor while dielectric pa :
As a consequence of this induction, the conducting particle will

. net charge is generated on it. ) :
| be repelled by the surface/grounded conductor, while the dielectric particle will be unaffected.
Charging by conductive induction can be used to make a finite separation between relative
conductors and non-conductors.
Electrostatic Separator : .
In electrostatic separator, the difference in electrical 1 1 i
_ . : , the properties of different materials
~L (Pl'e;int in the mixture tobe separated) is exploited to effect a separation. .
1 e hop e‘ell“::tff";tfitlc separator shown in Fig. 4.10 consists of a grounded rotor/rotating drum
1 dmmper eeding the solids, an ective electrode, situated/placed at a small distance fron ,
= and collectmg bins. : ce from the
A The solids to be se 3 T : : Y
35 De separated are fed : :
%}‘Opper. T!‘e conductive particles in a(\)::; sahl;ﬁatt,}ng ﬁm, Stbinr sl argeanded, Bom
-..;dru.m, which is opposite to that of an active e]ectrf:g:aeandlhassume “he priaotisl of the roteting
e ot ence, they get atiracted towards the

Hopper
 Adive R
@,/_elcctrodc
. 00
~ Grounded 00
rolo: 0 0.
0©
00
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