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‘ _~  Filtation

Mechanisms of Filtration

Theories of Filtration

Factors Influencing Filtration

Filter Madia and Filter Aids

Classification of Filtration Equ:pment
Equnpment . | . ;

iltration may be defined as a process of separation of solids from a
fluid by passing the same through a porous -medium that retains the
solids. but allow$ the fluid to pass through./

| \//F' "

/The suspension to be filtered is known as slurry. The porous

medium used to retain the solids is known as filter medium. The’

accumulated solids on the filter are referred to as filter cake, while the
clear liquid passing through the filter is filtrate./ -

’When solids are present in a very low concentration, i.e., not exceed-

ing 1.0% w/v, the process of xts separation from l:qmd is called

c!ar:f cation. V4

Clarification is generally employed when contaminating material is
finely subdivided, amorphous or colloidal in nature. These solids tend

to plug the filter medium. Several other processes having similar
mechanisms are decolouration, decantation, colation, expression etc.

Process of Filtration

A typical ﬁltratloneperatlon 1s shown in Figure 9-1. The pores of
the filter medium are smaller than the size of particles to be separated.
- Filter medium (for example filter paper or muslin cloth) is placed on a

support (a sieve). When slurry (feed) is passed over the filter medium,
the fluid flows through the filter medium by virtue of a pressure differ-

ential across the filter. Gravity is acting on the liquid column. Thercfore.
solids are trapped on the surface of the filter medium.

248
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Once the prehmmary layer of partlcles 1S deposued further f' ltratlon

is brought about wherein the filter medium serves only as a support
The filter will work efficiently “only after an initial deposit. In an

industrial scale, large quantities of suspensions are mechamcally han-
~dled. After a particular point of time, the remstance offered by the filter
cake is high that virtually filtration is stopped. For this reason, a

positive pressure 1s applied on the filter cake (upstream) or negatwe |

pressure (suction) is applied below the filter medmm (downstream)

Feed

Filter niediuml "

Filtrate

~ Figure 9-1. Principle of filtration.

pplications g o e e d . =

Production of sterile pmduets : Air is filtered through HEPA f'lters

(high efficiency particulate air. filters) or lammar anwbench to obtam

sterile air, which maintains good env:ronment pnor to and durmg manu-
facture of sterile products. "

14"

* A solution is passed through-a bactena proof filter in order to obtam-l _
sterile solution, particularly where heat ster:lxsatxon 15 not suitable on

account of thermblabtle nature of' the eontents In case oF steriie

products, particles as small as 0.2 um should be remeved ‘which
includes the bio-burden of fungi, bacteria ete. ok )

Similar facilities are required for the productlon of antibiotics by fer-
mentation, recombinant technologxes of biological products and vace.nes

" Production of bulk drugs : Sohds of mtermedlates and ﬁmshed |

products are separated from the reaction mixture by f'ltratmr* techmquu;
By this method, unpurities can be removed. ’

7

"‘IF;
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Production of liquid oral formulations : Filtration is an cssential

step in the production of liquid orals for obtaining clear solutions
- (clarification). ' | |

(a) Dewaxing of oils. “ %y

(b) R'elnov§ng suspended oils from aqueous solutions. Examples are
aromatic waters, syrups, elixirs, eye drops etc. .

(c) Removing of undesirable solids, which interfere with the trans-
parency of the liquids. Examples are honey and fruit juices.

(d) Clarifying the potable water.

Affluent and waste water treatment : Waste solids must be sepa-
rated from the waste liquid prior to its disposal. Sometimes, the soluble
comp ents are precipitated and thep scparated by iltration.

MECHANISMS OF FILTRATION

The mechanism whereby particles are retained by a filter is signifi-
cant only in the initial stages of filtration. Some of the mechanisms are:

Straining : Similar to sieving, i.c.. the particles of larger size cannot
pass through the smaller pore size of the filter medium.

Impingement : Solids having the momentum move along the path of

streamline flow and strike (impinge) the filter medium. Thus. the solids
are retained on the filter medium.

Bt

- Entanglement : Particles become entwined (entangled) in the mass
of fibres (of cloth with a fine hairy surface or porous telt) due to smaller

size of particles than the pore size. 'Thus the solids are retained on the

filter medium.

Attractive forces : Solids are retained on the filter medium as a

result of attractive forces between particles and filter medium, as in case

'of electrostatic precipitation;v(/g/ - i
In practice, filtrat

ion may combine various mechanisms.
. | o | ;
ypes of Filtration e P

"Based omrthe

\/Surfacc filtration (Screen filtration) : It is a screening action by
which pores or holes of the medium prevent the passage of solids.

/ The mechanisms. straining and impingement are responsible for sur-
{ [/ face fltration. For this purpose, plates with holes or woven sizves ar¢

used (Figure 9-2). its efficiency 1s defined in terms of mean or maxi-:

Mum pore size.

=chanism, two types of filtration are broadly identified.

B - -

-1 - = = =
; 2 = e
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\/lft:pth filtration : In this process, shurry penétrates to a point where
the diameter of solid particles is greater than that of the tortuous void or:

_ G | , £ '
Depth filtratien is aided by the mechanism. entanglement.  The solids

are retained with a gradient density structure by physical restriction or
by adsorption properties of the medium (Figure 9-2). It is extensively
used for the removal of small amounts of contaminants from relatively
large volumes of liquids (clarification). These are also used for roughing
or prefiltering pharmaceutical solutions. Examples are ceramic filters,

“sintered (bed) filters. i
| ~Particles

Screen / | | . |

\ O g‘ ﬂ QO Scfeen filter wi;h.diréci_
— 1ol oo oo passage of the tamner

% . molecules o
Depth filter : G‘fe_ater
thickness and more

tortuous liquid pathway

Figure 9-2. Types of filtration. | | \/

v TABLE 9-1
Differences Between Surface and Depth Filtration

Surface filtration Depth filtration

The size of the particles retained
“is much smaller than the pores

throuch which fluid "asses. .
ST
vCchanical strength is high..

The size of the particles retained is
slightly higher than the mean pore
size of the medium.  »
Mechanical strength of the filter
medium is less, unless it 1s
'made of stainless steel.

, _/lfﬁals low capacity

The size of the particles retained
«il u H‘-_-_'_-_.*
1s more predictable.

Jthas high capacity | _
The size oi the particles retained is
lcss Ercdictab!g |

Cheaper because ancillary equipnicnt
is not required.

l:quipment is expensive because it

should require ancillary equipment
3 i A

such as ‘edge clamps, which should

L]
v

g
£

ke much Tiner tolerances. K i,
Example is cellulose membrane Examples are ceramic filters, ands=

filter.r sintered (bed) filtess.
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A special case of depth filtration is the sheer fltmt:on in which the | Ch-9 FILTRATION
slurry is passed through a series of pads mounted endwise to the flow of | curface: ares |
fluids. The pads commonly consist of a’ mixture of asbestos hbrcs | e ~ powder of granule bed visualized
¢mbedded in cellulose. ' - - ! \ as a bundle of capillanes
. e e =
The differences between surface and depth Fltrallon are given in 'Upstream Ty , Downstream
Table 9-1. | | BT, T e’ " 't i, Ty 11
Cake filtration : A filter consists of a coarse woven cloth throunh | T X Sy M e s e fanit 4
. which a concentrated suspension of rigid particles is passed so that they f ~ Viscosity | Flw. ._r.ate : ’“./‘_‘"‘t NP o

bridge the holes and form a bed. _ | 4 y

ﬁiscmllc s Equation S w e

Poiseuille considered that ‘ﬂltratnon is similar to the streamlme flow

The: cloth may be ineffective when' the holes are likely to be much
largerthan the particles to be removed. Thercfore, the cloth is presented

with a concentrated suspension of rigid particles that bridge the holes . of a liquid under pressure through capillaries. Poiseuille’s equation 1s:

~and form a bed. The particles will be held back, while liquid passcs T ‘ _ 2L g AP e, )
- through the small interstices. Example is filter cake made from diatomite | e K : B (3)
(100 um). This cake can remove submicrometer colloidal pamch.s with ;'i G - 8L - - E
high ethcmm,) where V = rate of flow, i.e., volume ofllqmd ﬂowmg In umt time,
| mo/s (1/s) P :
HEORIES OF FILTRATION § i AP = pressurc difference across the filter, Pa
' ;g | f - r'= radius of the caplllary in the filter bed, m
The flow of a liquid through a filter follows the basic rules that o L = thickness of the filter.cake (caplllar} length). m
govern the flow of any liquid through the medium offering resistance. g -* n = viscosity of the filtrate, P oo . \/‘

The rate of flow may be expressed as:

] of amcles and the liquid
driving force If the cake is composed of a bulky mass ol p G

Bigs. o " ! A8 D . flows through the interstices (correspond to a multiplicity of capillary
J resistance ! i . tubes), then the flow of liquids through these may be expressed by
The rate of filtration may be expressed as volume (litres) per “unit J Peiseutlic's equatlon , .
time (dv/drl/ The driving forcc is the pressure differential between the rcy’s Equatmn o iy
upstream and downstream of the filter. The resistance is not constant. It ‘))ﬁ

Poiseuille’s law assumes that the capll]anes found in the ﬁlter are

highly irregular and nonuniform. Therefore, if the length of a capﬂlary
is 1aken as the thickness ‘of the bed, a correction factor for radius is

applied so that the rate equation is closely approximated-and simplified.
The factors influencing the rate of filtration has been incorporated into

an equation by Darcy, which is:

Increases with an increase in the deposition of solids on the filter
medium. Therefore filtration is not a steady state.

The rate of flow will be greatest at the beginning of the filtration
process, since the resistance is minimum. Once the filter cake is formed,
its surface acts as filter medium and solids contmuously deposit adding

to the thickness of the cake. The resistance to flow i 1s related to several " KAAP AT AR FR
factors as mentmncd below, ¥ i " . e (4)
nL LT,
pressure upstream — _ o where. K= permeablhty coefﬁcncnt of the cake m2 20\
 pressure downstream A = surface area of the porous bed (filter medlum) 18,

Resistance to movement = — ‘ (2) i - LD .
length of capillaries M . & et
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Other terins are same as shown in equation (3). The term K depends

on the characteristics of the cake, such as porosity, specific surface area
and compressibility.

Permeability may be defined quantitatively as the flow rate of a

liquid of unit viscosily across a unit area of cake having unit thickness
under a pressure gradient of unity.

This model relates not enly to filter beds or cakes but also applics to
other types of depth filter.  Equation (4) is valid for liquids lowing
through sand, glass beads and various porous media. Darcy’s cquation 1s
further modified by including characteristics of K by Kozeny-Carman.,

xozeny-Carman Equation
Poiscutlle’s equation is made applicable to porous bed, based on a
capillary typce structure by including additional parameters.
resultant equatien. wluch 1s widely usud for filtration is Kozeny -Carman
R‘.ﬂUdLlUﬂ

A AP & -
By S R (5)

s RL.: - &7
¢ = porosity of the cake (bed)
L spc:tfu. surface arca of the particles comprising the cak::
_ m*/m°
S KN = Kozeny constant

whe: e

Other terms are same as shown in equations (3) and (4). The Kozeny
constant is usually taken as 5. The effect of compressibility of the cake
on flow rate can be appreciated from equation (1), since the flow rate is

proportional to &/(1-¢)?. A 10 per cent change in porosity can producc
almost 3-fold change in V.

\/L:mltatmns of Kozeny Carman equation : Kozeny Carman equa-
tion does not take into account of the fact that the depth of the granular

bed is lesser than the actual path traversed by the fluid. The actual path
1S not straight throu hout the bed, but it is sinuous or tortuous.

\/ TORS INFLUENCiNG FILTRATION

A simple straining process does not provide a complete description
of how particles are removed from a suspension. The particles are

eXposLd to a number of forces including gravity or electrical fields.
Sorme of the factors influencing the filtration are:

Thus the -
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(1) Properties of the liquids—density, viscosity and corrosivencss.
(2) Propertics of the solids——particle shape, particle size, particle
charge, density, particle size distribution, rigidity or

compressibility of the solid under pressure and tendency of

particle to flocculate or adhere together.

(3) Proportion of solids in the slurry—rate at which the filter cake is
{ormed, especially in the early stages of the filtration.

(4) Objectives—-—whether the solids or the hqmd or both are to be
collected. |

emperature of the suspension. \/

ACe Ar-c.u of the Filter Medium

According to equation (5). rate of flow of filtrate flowing through the
filter is ihvérsel}f proportional to the specific surface of the filter bed.
On the other hand. if the surface arca of the filter medium is considered.
the rate of filtration is directly proportional to the surface area of the

filter medium (equation 4). Hence, the rate can be increased either using

a larger filter or connecting a number of small units in parallel. For
example, filter press works on the principle of connccting the units in
parallel. Pleating the filter paper or using a pleated funnel increases the
effective suriace area for filtration. '

¢

=4

Pressure Drop Across the Filter \fledmm

According to equation (3), rate of ﬁltratmn 1S dueptly proportional to

the overall pressure drop across filter medium and filter cake. The

pressure drop can be achieved in a number of ways:
f Py

Gravity : 2= simple method of obtaining a pressure difference is
maintaining a head of slurry above the filter medium. The pressure
developed depends on the densnty of the slurry. As a rough guide, a
head of 10 metres of water creates a pressure difference of 100
kilopascals. |

Applying pressure

pumping the slurry onto the fiiter.

The pressure difference obtained by this method is gréater thal.]\ thét”‘“

is achicved by reduced pressure. Industrial plant may be operated at
pressurc up to 1500 kilopascals. However, in the early stages of
filtration, pressure difference should be less. This is to prevent the pores

of the filter medium from clogging or plugging, which sub;equently
increases resistance to the flow.

: The most common method of obtaining a
pressure difference is applying pressure on the surface of the slurry, i.e.,

S



256 ; PHARMACEUTICAL ENGINEERING

R(_:dq*cing pressure : The pressure underneath the filter medium may
be reduced below atmospheric pressure by connecting the filtrate re-

' ceiver to a vacuum pump. This creates a pressure differential across the

filter. This factof has limited applications, because the pressure differ-
ence of about 100 kilopascals may be achieved. Reduction of pressure
jowers the boiling point of liquids so that it 1s possible for the filtrate to

boil in the receiver. Apart from the loss of liquid, the vapour may

damage the vacuum pump.

Advantage of this method is that 1t 1s safe. If a part of the equipment
fails, it will collapse and not explode. Therefore, this method is.com-

monly applied in a laboratory, where the apparatus 1s usually made of
glass. However, in the industrial scale, the plant is usually constructed

with a metal that is able to withstand high pressure.

Cent'rifugall force : Centrifugal force could replace the gravitational

force and is used to increasc the rate of filtration. The principle behind

centrifugation is discussed scparately in the chapter 10

V:scos:ty of Flltrate

According to equation (5), rate of filtration 1s inversely propomonal
to the viscosity of the fluid. The viscosity of the liquid, not the slurry 1s

important, since the resistance to flow occurs as the filtrate flows through

the filter cake.

Raising the temperaturé of the liquid, which lowers the viscosity,

may increase the rate of filtration. "This is not practicable, if thermola-~

bile materials are involved or if filtrate is volatile. Another alternative to
decrcase the viscosity is to dilute the filtrate. In this case, 1t 1s important

to ensure that by doubling the volumes, the rate must be more than
double, which should indicate the advantage. '

In brief, surface area and pressure differences are the two factors,
which are applied, in industrial practice. According to equation -(3),
other factors such as porosity also influences the rate of filtration. These
are discussed below with filtgr-aids.

V4 ' FILYSR'MEDIA AND FILTER AIDS
| Uter Media | " : . S

The filter medium acts as a mechanical support for the filter cake and
is also responsnble for the collection of sollds

‘(ﬂaracterlsncs . Filter medium should have the following character-
1st1Cs. | :
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(1) It s.hould have sufficient mechanical strength.

Y id
(2) It must be inert, tor e\camplc it should not show chemlcal or

physical interaction.
(3) It should not absorb the dlSSOth,d material.

(4) It should allow the maximum passage othmd while retaining
the sohd\/lt means that it must offer low resistance to flow.

The resistance oftered by the filter mcdmm 1S not significant in

large scale opuatlons and can be neglcctcd
S

The magnitude of the resistance of the filter medium will change dug
to the layers of solids deposited earlier, which may block the pores or
may form bridges over the entrances of the channeis. Therefore, the
Pressure should be kept low at the beﬁmmng to avoid the plugging of
the pores. The usual procedure is to filter at constant rate by increasing
tlic pressure as necessary. When normal working pressure is reached, it
is maintained. On continued filtgation, the thickness of the cake further
builds up and ence the rate of filtration decreases. When the rate is
uncconomical, filtration is stopped. The ﬁltr..r cake 1s removed and
filtration 1s restarted. :

H

\/ﬁhtcriulq : The following materials are used as filter media.

(1) Woven materiuls such as fcf[f or cloth. Woven matcrial 1s made
of wool, cotton, silk, glass, metal or synthetic fibres (rayon,
nylon etc.). Synthetic fibres have greater chemical resistance
than wool or cotton, which are affected by alkali and acid,
respectively. The choice of the fibre depends on the chemical
reactivity with the slurry. - £

&

(2) Perforated sheet metal. For examplé stainless steel plates have
pores which act as channels as in-case of metafilter (edge filter).

(3) Bed of granular solid built up on a supporting medium. In some
processes, a bed of graded solids may be formed to reduce the
resistance to the flow.. Typical examples of granular solids are
gravel, sand, asbestos, paper, pulp and keiselguhr. ‘The choice of
solids depends on the size of the solids in the process.

(4) Prefabricated porous solid unit. Porous solids prcfabncatcd into
a single unit are being increasingly used for its convenience and
effectiveness. Sintered glass, sintered metal, earthenware and
porous plastics are some of the materials used for the fabrication.

(5) "Membrane filter media. Cartridge units are economical and avail-
able in pore size of 100 um to even less than 0.2 pum. These can
be used cither as surface cartridges or depth type cartridges.
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'(a) Surface tvpe carrrfdges': Thiss e corfu‘gatcd E_— * Activated - charcoal i1s used for removal rof orga.n_icr and tnorganic

M g pgpefs._ These are used. in hydraulic lines. Cérainic impuritics.  Kieselguhr is a suogzssful filter aid and as littlc_ as 0.1
cartridges are advantageous in cleaning for reuse by back percent can be added to the slurry. The rate of filtration is increascd by
flushing or firing. Porcelain filter candles are used for 5 times or moie, at the above concentration, though the slurry contains

~ sterile filtration. ' e e 41, : 1 20% solids | B '

(b) Depth type cartridges : These are made of cotton, asbestos
‘or cellulose. These are disposable items. since cleaning is

ling -of filter aids : Filter aids are mostly used for clarification

net feasible - _; ]n jcesses, 1.e.. where solids are discarded. Different flow rates can be
, . J : ![ achicved depending on the grade of the aids. I '
ter Aids - iy : - i L.ow flow rate’(fine solids)—Fine grade filter aids—mainly intended
‘_'._'*Fi/fc-’r aid forms a surface deposit which screens out the solids and lor clarity. - ey
¢ lso-prevcnts the plugging of the supporting filter medium. . * Fast flow rate (coarse solids)—coarse grade filter aids-—-acceptable
- R 50 PL S LA kg g tltrate. ' | : | '
Justification : The object of the filter aid is to prevent the medium . .h‘ | Ak
from becoming blocked and to form an open, porous cake, hence, The filter aid can be employed in either one or both ways.

. - q . . y g A . . . y . ) " it | |
.reducing the resistance to flow of the filtrate. (1) Firstly, a pre-coat 1s formed over the medium. For this purpose,

- * (a) Usually, low resistance is offered by the filter medium itself, but = a suspension ok the filter aid"is filtered to give a coating up to
-as the layers of solid built up the resistance will be increased. 0.5 kg per metre squarc. |

The cake may become impervious by blocking of the pore in the

medium. Flow rate is inversely proporticnal to the resistance of |
- the solid cake. '

(2) Sccondly, a small proportion of filter aid (0.1 to 0.5% of total
batch weight) is purposcly added to the slurry. S0 the filter cake

has a porous structure and filtration can be efficient.. The filter

aid of 1 to 2 parts per each part of contaminant is mixed in the
feed tank.  This slurry 1s recirculated through the filter until a
clear filtrate is obtained. Filtration then proceeds to complction.

*(b)" Slimy or gelatinous material and highly compressible substances

form impgrmeable cakes. The filter medium gets plugged and
“the flow o_f filtrate stops. ‘ '

f_f;

./ Characteristics : The important characteristics of the filter aids-are: | Lise -body- oy n.thd NS reqmremcmf B
L) ] By : | il cross goprdmination potentials.
(a) Chemically inert to the liquid being filtered and free from impu- b -
o Tities. ‘ .

._,:.- '

(b) ‘Low specific gravity. so that filter aids remain suspended in liquid.
'(C)__, Porous rather than dense, so that pervious cake can be formed.
(  Recoverable

isadvantages : The filter aids remove the coloured substances by |
absorbing them. Sometimes active principles such as alkaloids are
. adsorbed on the filter aid. Rarely, filter aids are a source of contami-
- nants such-as soluble iron salts, which can provoke degradation of

. sensitive ingredients, Liquid retained in the pores of the filter cake is
p lO_St in the manufacturing process. - - e

SIFICATION OF FILTRATION EQUIPMENT

Equipment are classificed based on the application of external force.

¥

(1) Pressure ﬁm-rrs;----_l?late and frame filter press and mectafilter.

(2) Vacuum filters-—Filter leaf. | |

(3) Centrifugal filters—These are discussed in the centrifugation
chapter |

Classification basced on the operation of the filtration.

Examples of filter aids are: ~' . -3 () (‘onu'mmm_ﬁhrmmn———Dischn'rge and filtrate are scparated steadz
Keiselguhr  Talc Charcoal Asbestos ' pahae unml:crruplf_“.d. - T B N
Paper pulp Bentonite Fullers earth | | : E d
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(b) Discomtinnous Siltration—Discharge of filtered solids is intermit-

tent. Filtrate is removed continuously. The operation should be
stopped to collect the solids.

Classification based on the naturc of ﬁltrati"on'

* (@) ' Cake filters-—Remove laree amounts of ';ol:cls (aludgjc or Crvshlsl
(b) ('Jm{[}*:Jrqf!rerszClnox*c small amounts of solids.

(¢) Cross-flow filters—Feed of suspension flows under pressure at a
fairly high velocity across the filter medium..//f

| \AIPMENT

In the bulk drug industry, solid is the desired produt.t ts sizc,

physical properties and purity are important. These factors should be

considered. while selecting the equipment and opcmlmg (.(Jf'ldlalOﬂS
Some of them are: '

ﬁaterials related:

(a) Properties of the fluid—viscosity.

(b) Nature of the solids—particle size, shape. size distribution
and packing characteristics.

(c) Concentration of solids in suspumion
(d) Quantlty of material to be handled.
(¢) Whether it is necessary to wash the filtered sohds

(f) Whether any form of pretreatment will be helpful

ﬁzipment and pmcess related:

(a) Flow rate.

(b) It should be absolute in the sense, the limit to size of
particles passing through the filter should be known.

(c) It should be sterilisable by heat, radiation or gas (examples
are ethylene oxide, formaldehyde etc.).

economical.

'_DifTerent forms_of equipmnl-are employed f‘or'ﬁltratio'n_ Some ofil

them are discussed below.

yATE AND FRAME FILTER PRESS

Principle : The mechanism is surface filtration. The slurry enters the
frame by pressure and flows through the filter mcdlum The filtrate is
collectcd on the plates and sent to the outlet. A number of frames and

(d) Independently checking the eff'cmncy of FltLI‘ [t should be )
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plates are used so that surface area increases and consequently large vol-
umes of slurry can be processed simultaneously wifh or without washing.’

Construction : The construction of a plate and frame filter press is

shown in Figure 9-3. The filter press is made of two types of units,

| Slurry inlet . hilter -rﬁedium ki

| B By

Through channel
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(a) Frame—Maintains the slurry reservoir, mlet (eye) far slurry
(b) Filter medium.

(c) Plate along with section—supports the ﬁlter medmm receiv-
. Ing the filtrate and outlet (eye). -

(d) Assembly of plate and frame filter press.

Figure 9-3. Plate and framc filter press. - r



Ch- FILTRATION

r B ﬂf -

!
o
g ¥4

_ J l : ;
262 = PHARMACRUTICAL ENGINEERING

_ &
plates and frames. Thesc are usually made of aluminium alloy. Some-
times, these are also lacquered for protection against corrosive chemicals

and made su’itablc for steam sterilisation.

]
'''

L
LA L

Sosrees

- Frame contains an open space inside wherein the slurry reservoir
is maintained for filtration and an inlet to reccive the slurry. It s
indicated by two dots in the description (Figure 9-3a). The plate has a
studded or grooved surface to support the filter cloth and an outlet. It is
indicated by one dot in the description (Figure 9-3¢). The filter medium
(usually cloth) is interposed between plate and frame.
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Frames of different thicknesses are available. It is selected based on
the thickness of the cake formed during filtration. Optimum thickness of

the frame should be chosen. - Plate, filter medium, frame, filter medium
and plate are arranged in the sequence and clamped to 2 supporting

structure. It is normally described by dots as 1.2.1.2.1 so on. A numben

of plates and frames are employed so that filtration area is as large as
necessary. In other words, a number of filtration units are operated in
parallel. Channels for the slurry inlet and tiltrate outlet can be arraneed
by fitting eves to the plates and frames. these jomn together to torm 2
channel. _ ' '

In some types, only one inlet channel is formed. while each plate is
having individual outlets controlled by valves.

Working : The working of the frame and plate process can be

described in two steps. namely filtration and washing of the cake (if

dc'sirable).

Filtrgtion operaiion : The working of a plate and’ frame press is
shown:in Figure 9-4. Slurry enters the frame (marked by 2 dots) from
the feed channel and passes through the filter medium on to the surfice
of the plate (marked by 1 dot). The solids form a filter cake and remain
in the frame. The thickness of the cake is half of the frame thickness,
because on cach side of e frame filtration occur. Thus. two filter cakes
are formed, which muet eventually in the centre of the frame. In
general, there will be an optimum thickness of filter cake tor any'slurry.
depending on the solid content in the slurry and the resistance of the
~tilter cake. J .

- The filtrate drains between the projections on the surface of the plate
and escapes from the outlet. As filtration proceeds, the resistance of the
cake increases and the filtration rate decreases. At a certain point, it is

preferable to stop the process rather than continuing at very low flow

4

rates. The press 1s emptied and the cycle is restarted.

% L
]
Yot

of

Filtrate

'r.

: t: '
.~ Frames

Filter medium
(filter cloth)

Al

Figure 9-4. Plate and frame ﬁlicr:pftss, principlc,_ol" opcration (l_":ltcring).‘

Washing operation @ 1f itis necessary to wash the filter cake. the
ordinary plate and frame press is unsatisfactory. fllﬁ;___m;xl\_’cs are built up
in the frame meeting eventually in the middle. This means that flow is.
brought virtually to a stand still. Hence, water wash using the same
channels of the filtrate is very efficient, if not impossible. A modifica-
tion of the plateind framme press is used. For this purpose, an additional
channel is included (Figure 9-5). These amp'latcs are 1dentified by
three dots.  In half the wash plate, therd is a connection’ from the wash
water channel to the surface of the plate. '

The sequence of arrangement of plates and frames can be represented
-

by dots as 1.2.3.2.1.2.3.2.1.2.3.2.1.s0 on (between | and 1, 2.3.2 must be
arranged). Such an arrangement is shown in Figure 9-6 (a) and (b) for

the operations of filtration and water washing, respectively.

The procedure for washing th'e'-:pr.e,ss _iS"ShOW'n

steps are as follows. _ i ,

(11" Fiitmtion proceeds i'; the ordmary fWa)’ _unti! the frames are filled
with cake. felin |

in Figure 9-6. The

S iz

(2) To wash the filter cake, the outlets of the washing plates (three
dots) are closed. 5 . :

(3) Wash water is pumped into the washing. channel. The water
cnters through the inlets on to the surface of the washing (three
dots) plates. ' e '

(4) Water passes through the filter cloth and enters frame (two dois)
which contains the cake. Then water washes the cake, passes .
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through thc f'lter clolh 'md entcrs tht, phtc (onc dot) dotvn the®
surface. - - -

(5) Finally washed watcr cscapes through thc outlet of 1hat platc.
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F:gure 9-5. Plate and frame filtcr
press with w.alt..r wash facility.

‘ Thus with the help bf’ Spéc’ial washirig“platés. it 1s possible for the

wash-water’to flow over the entire surface of washing (three dots) plate,
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so that the flow resistance of the cake is equal to all pomts Hence, the
entire cake 1s washed with cqual et[‘cxcn(.)

q

| S__lurryr
Plate | < Wash plate
(1 dOt) (3 dUtS)
Frame hilter medium
(2.dots). .. ~ (cloth)

(a) Principles of filtration operation' us'i'hg the three types of 'plate' and 'fr.'amé. |

Wa'terI for

Waﬁhing -

M ¥ e
Plate { t J\ ’ h\{: \K < Wash plate
(1dot) |7 {1l }\ ] ( 3 dUtS).':
B '3 22 PN IR V1 "2 | O I .
v 1 . _‘ | Wéﬁh o-utlet
| (ﬁlﬂ'ate)
Frama - Filter quiijm . e
(2dots) ~ (cloth)

(b) Prmc:ples of cake washmg usmg three fypes of plate and frame.

l"\‘a.

F;gu re 9-6. Plate and framc filter press.
Prmc:plu of filtration and washing,

¥

It should be noted that water-wash is cfficient only if the fmmcs are
full with filter cake. [If the solids 'do - not fill the frame complctclv the
wash water causes the cake to break (on the washing plate side .of the,

frame). then washing will be less effective. Hence, it is essential to

allow the frames become completely filled with the cake. This helps not
only in emptying the frames but also helps in washing the cake correct ly.
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“Special provisions : (1) Any possible’contamination can be observed

by pasl-s.'i‘ng the Diltrate tlhmu‘g;h a glass tube or sight glass from the outlet

on cach plate. This permits the inspection of quality of the filtrate. The
. filtrate goes through the control valve to an outlet channel.

(2) The filtration process from cach plate can’'be scen. In the event
of a broken cloth, the faulty. plate can be isolated and filtration can be
contmucd with one plate less. '

Uses : Filter sheets composed of asbestos and cellulose are capable

- of retaining bacterja, so that sterile filtrate can be obtained, provided that

the whole filter press and filter medmm have been previously sterilized.
Usually stcam is passed through the assembled unit for sterilization.

Examples include collection of precipitated antitoxin, removal of

precipitated proteins from m.:.ulm liquors and removal of cell broth from
the fermentatlon medium, i .

}*I:..ltmg/mulm“ coils are mcorpomt&.d In the press so as to make it
su1t1blc forhe filtration of viscous llqmds

mntaﬂe 2 i1) Lonstructxon of filter press is very simple and a
varicty of materials can be used.
— Cast iren for handling common substances.
~ Bronze for smaller units,
— Stamless steel is used thcrr.b» uontammauon can be avorded.
— Hard mbbu‘ or plastics v.!n,rt, metal must be avoided.
- Wood mr l:g,hmcsb though it must be kept wet.

(2) It provides a large filtering area 1n a relatively small floor space.

[t 15 versatile, the capacity bun;, variable according to the
thickness of frames and the number used. Surface arca can bL
increased by employmg chambers up to 60.

(3) The sturdy construction permits the use of considerable pressure
- difference. About 2000 kilopascals can be normally used.

(4) Efticient washing of the cake is posmble

(5) Operation and maintenance is strmg-,ht torward because there are
no moving parts, filter cloths are easily renewable. Since all
joints are external. a plate can be disconnected if any leaks are
~visible. Thus ¢ontamination of the filtrate can be avoided.

(6) 't produces dry cake in the form of slab.

Vﬁisadvantagcs* : (1) It 1s a batch ﬁltcr, so there 1s a good deal of

‘down-tume’, which is non-productive.

./ FILTER LEAF T,
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(2) The filter press is an expensive filter. The cmptymg tlme, the
labour involved and the wear and tear of lhc c.loth rcsultmﬂ in
high costs. ' 2k

(3) Opecration is critical, as the frames should be  full, otherwise
washing 1s imefficient and tlu. cake 1s difficult to r:.move

(4) The filter press is used for slurries containing less than 5%
solids. So high costs make it imperative that this filter press is
used for expensive materials. Examples include the collection of

precipitated antitoxin and removal of precipitated proteins from
insulin liquors.

-I-:t._':-‘
W

Principle : Filter leaf is an apparatus consisting of a longitudinal

drainage *screen covered with a filter cloth. The mechanism is surface
filtration and acts as sieve ¢r strainer.  Vacuum &r pressure can be
applied to increase the rate of ﬁltrati’-on. et ]

r

Cnmtruclmn : The general arrangement of a filter leaf is shown in
jé igure: 9-7. It consists of a narrow frame enclosing a drainage screen or

Jl";

grooved plate.  The frame may“be of any shape. circular, square or
rectangular. The whole unit is covered with filter cloth. The outlet For

the filtrate Cﬁ"lIILCtS to tm. interior of thc lr"um throuuh :,ucuon

Filtrate - e Filtrate
3 - il B ¢
To suction ﬂ '
' (. " Frame : Frame
' —> |7 e
Drainage ‘E D'r;inage screen
S A |
canal o Filter cloth
T
_ Fi].t.E?l" . ; E Filter ' E_
cloth cake 3
w—ep [.
(a) Filter leaf (b) Filter leaf during filtration.

Figure 9-7. Asscmbly of filter lcaf.

Working : The filter leaf is immersed in the slu'rry ' chuum'system
is connected to the filtrate outlet. The slurry passes through the filter
cloth. Finally filtrate enters the drainage canal and goes through the
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outlet into the receiver. Air is passed to flow in reverse direction which
facxhtates removal of cake. _ s

:.E

Uses : The filter leaf is satlsfaclory, if the solid content of thc slurry
is not too high, about 5%, i.c., dilute suspensions.

Advantages-' (1) Filter leafis a vcrsatile piece of equipment. Filter leaf
- is probably the snmplcst form of filter used for batch processes.

(2) A number of units can be connected in parallcl to increase the
 surface arca for tn!trauon

(3) Pressure difference can be obtained either with vacuum or using
pressure up to the order of 800 kilopascals.

(4) Labour costs for operating the filter leaf are falrly modcrate
(5) The efficiency of washing is high.

(6) Slurry can be filtered from any vessel. Simply immersing the
- filter in a vessel of water can wash the cake.

Variants : Sweetland filier © A variation is to enclose the filter leaf

In a specxa! vessel into which the slurry 1s pumped - under pressure. In

this form, a number of leaves are connected to a common’ outlet to
provide a large area for filtration. A typical example of this kind is the
Sweetland filter shown in Figure 10-8. The vessel is cylindrical and
filter leaves are arranged so that théy arc supported by the upper part.
The lower part can be swung away. This permits the cake to be
discharged by compressed air while removing the filter leaves from the
vessel.

Filtrate

S{ | ._ Filter leaf
ASlurry ,
oenty T
pressure
-3P_-Pﬁ%‘-d (% T Slurry
Cake Cake
Cylindnical .
vessel

Figure 9-8. Sweetland filter

METAFILI_&\
) Prmmplc : Metafilter functions as a strainer (surface filtration) for the
* separation of particles. In this method, metal rings contain semicircular

projections, which are arranged as a nest to form channels on the edges.

0
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This channel ofrers resistance (strainer) to the flaw of solids (Loarsc.,_
particles). The clear liquid is CO”LCled into a receiver from thc top. '

Counstruction : The cor‘strucuon and assembly of a metaﬁlte 1S

- shown in Figure 9-9. The metafilter consists of a series of metal rings.

These are lhrcadcd so that a shannel is formed on the edges. [t contains
a grooved dratnage column on which a series of metal rings are packed,
These rings are usually made of stainless steel and have dimensions of

about 15.0 mullimetres internal diameter and 22.0 millimetres external
diameter. |

0

Eachi'metal ring has a number of semicircular projections (0.8 milli-
metres in thickness) on one side of the surface as shown in Figure 9-9a.

The projections are arranged the same way up. These rings are tightened

" Ring ~ Raised
- projecticn

(a) Surface view of a ring. (b) Assembly of rings on column.

Figure 9-9. \lc.tallltu'

Pores - Pores
channel Filtrate channel

channel /

* Grooved rod

Ry
r

Figure 9-10. Mcchanism of fittration through metafilter.

s
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on the drainage column with a nut. Therefore, metafilter is also known

as edge filters.

‘Working The working principle of a metafilter is shown in Fi 1gure
9-10. " ‘These filters are placed in a vessel and may be operated by

pumping the slurry under pressure or occasionally b) the application of

reduced pressure to the outlet side.  The slurry passes ‘through the
channels: formed on the edges between the rings. The clear liquid rises

up and collected from the outlet into the receiver. Metafilter functions
as a strainer (surfau, hltratmn) | :

FFor the separation of fine particles. a bed of suitable material such as

Kieselguhr is first built up. The pack of rings serves esqentldlly as a base
on which the true filter medium is supported.

Uses : Metafilter can be used for:
- clarification of syrups
- filtration of njection solutions
— clarification of insulin liquors

-~ filtration of viscous liquids can be achiewd by applying
pressure. '

Advantages : (1) Meratilter can be used under high prn,ssures mth-
- out any danger of bursting the hlter medium.

(2) Runmn;_, costs are low, as suparau, filter medium is not used.

The volume of residual hold up in the filter is less.

(3) It can be constructed from a material that can provide excellent

resistance to corrosion and avoid contamination of sensitive
products.

(4) Itis an extremely _vcrsali]é filter. It can be used for the filtration
~ of very fine particles using filter aids. Large pamclm can be
¢ separated by building up of a bed of same particles.

(5) ‘Removal of cake is carried out effcctwc]) by simply back-
ﬂushmg with water.

(0) Changc over from one batch to another or onc product to
another Is casy. '

(7) Slerilc products cah be handled.

j" i
’ .

.\/L”ARTRIDGE FILTER

Principle : Cartridge-filter is a thin porous mt.,mbranc in which pre-
filter and membrane filter are combined into a single unit. The filtration

action 1s mainly sieve-like and the particles are retained on the surface.

s
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Construction : The construction of a cartridge filter is shown in Fig-
ure 9-1la. Cartndge filter has a cylindrical. -configuration madc with
disposable or changeable fiter media. These are made of cither plastic or
metal. It consists two membranc filters (sicve-like) made of polypropylene:
a prefilter and an actual filter for filtration: A protective layer surrounds
them. - The cartridges are housed in a holder. A number of cartridges

Shurry e — Filtrate
inlet _ 1 + outlet
E |4l T
Cartndge —» ! e SAriEuIge
holder =
. e e , . .
| o i M

Dischargé cake

(a) Filter assembly.

Filtrate outlet

End cap

| Metal seal
Polypropylene

protective layer
’ | Prefilter

Membrane
filter (0.2 pri)

Inner .
.. support core |
End cap o
metal seal -

e

Non-fibrous
support net

-

(b) Ca_rtfidge filter unit.

Figure ‘)—l_l. Cartridge filter.
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can be placed in the same housing. The housing is closed with a lid.
The housing has provisions for slurry inlet and filtrate outlet. |

Working : The slurry is pumpcd into the cartridge holder. It passes
through cartridge filter unit by the mechanism of straining. The clear
liquid passts to the centre and moves up to collect through the outlet.

USﬁl}S.: Cartridge filter is particularly useful for the preparation of
particulate free solutions for parenteral and ophthalmic uses. This filter
holder will process 1000 to 13000 litres of sterile solution per hour.

Advantages : (1) Stainless steel construction permits autoclaving for

&

sterile operations. o8 g ¥ v

(2) Cartridges with self-cleaning devices are advantageous.

(5) Rapid disassembling as well as reusing of filter media is POSSi-

bie. _
(4) Cartridges are not brittle, when they are dry.
(5) They are used as in-line continuous filtration. which reduces

handling of solutions. [t minimizes the chances of contamina-
tion. '

isadvantages : (1) Cost of disposable elements offsets the labour
saving in terms of assembly and cleaning of cartridge clarifier

(2) A number of manufacturers provide the components. which are
generally not interchangeable between - suppliers.

~ DRUM FILTER

Principle : Rotary drum filter functions on the principle of filtering
the slurry through sieve-like mechanism on a2 rotating drum surface,

under the conditions of vacuum. In addition, compression, drying (using
hot air) and removing the filter cake (using a knife) are possible.

Construction : The construction of a rotary drum filter is shown in
Figure 9-12. It consists of a metal cylinder mounted. horizontally. The
drum may be up to 3 metres in diameter and 3.5 metres in length and
gives a surface area of 20 metre square. The curved surface is a
perforated plate, which supports a filter cloth. The drum is radially
partifioned.‘dividing the annular space.into separate compartiments. Each
of it is connected by an internal pipe to the centre of the drum through a
rotating valve. - - '

Working : The drum is rotated at a speed less than one revolution
per minute. The drum just enters the slurry in the trough (Figure 9-12),

Ch-9 FILTRATION . 2ty
As it dips, vacuum is applied in this segment so that the solid is build up
on the surface. The liquid passes through the filter cloth into an intcrnal
pipe and'valve. Finally the filtrate reaches the collecting tank. "

As the-drum leaves the slurry section, it enters the drainage zone.

Here excess of the liquid s drawn inside. Special cake compression
rollers may be included at this stage, so<hat the cake Is consolidated by
the compression of the cake. This improves the ctficiency of washing
and drying process.

#

- Vacuum is applied to carry the slurry along with the drum
- Drainage zone '

Water washing arran gement ‘
— Drying zone - dry air supply
- Cake removal zane :

Washing
Water —»
Drainage - Cake removal
zone zone

* Connections to

Scraper
-rotating valve

knife.
Pick-up zone Slurry trough .

Figure 9-12. Drum filter.

As the drum lecaves the drainage zone, it cnters the .\'mtérﬁ wash
section. Water is sprayed on the cake. A separate system of vacuum is
applicd on the panel in order to suck the wash liquid and air through the

cake of solids.  Wash liquid is drawn through the filter into a separate
collecting tank. - .

Py S . r | . i | i | | u-f " - % b '
I'hen the cake enters the drying zone, where hotair is blown on*the

cake. The cake may have the moisture content less than one percent.

[ ]

I'inally the cake is removed using a doctor knife and discharged

All these steps are Comph.;;tgg in one rotation of the dram. Now the
drum is rcady to receive a freshy lot of slurry. g

/
S
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Uses : Drum filter is used for continuous operation and 1s utilised to
filter slurrics containing high pr0p0rtmn of solids up to 15 to 30 percent,
In the productlon of penicillins, the extract 1s separated from mycelium
(cell mass) by drum filters. These are used for collecting calciun

carbonate, starch and magnesium carbonate.

Ad'v.l'ntagcs : (1) Cake is removed simultancously during operation.
Therefore, suitable for use with concentrated slurrices.

(2) The labour costs are very low on. account of aut(mmm. and

~ continuous operation of the rotary filter.

(3) The filter has large surface arcea.

(4) The speed of rotation can be varied and the cake thickness can be
controlled. For example; if the solids form an impenctrable
cake, the thickness may be limited to less than 5 millimetres.

On the other hand. if the solids are coarse and form a“porous
cake, the thickness of 100 mllllmctr{.s or more. can be obtained.

Disadvantages : (1) Rotary drum filter is expensive equlpmcm with

] _complc.\ functioning. [t contains moving parts and also _rcqmrt,:.
a number of accessories such as vacuum pumps, vacuun recelv-
ers. traps cic. |

(2) The cake tends to crack due to the air drawn through by the
vacutum system. This makes washing and drying processes

inefficient.

(3 ) The rotary hltcl is suitable only for Stfﬂl”htf()l’W'lI’d slurries. [t 1s
~less satisfactory, if the solids form an impermeable cake or it is
difficult to remove the cake adequately.

Vanants : String a’r.scharge rotary filter: It is especm]ly used for
filtering the fermentation liquor in the manufacture of antibiotics, where
the mould is difficult to filter by ordinary methods, because it forms a
" felt- like cake. A number of loops of string are kept on the drum surface,
“which pass round the drum. The cake is formed on the strings. These
4 strmgs lift filter cake off the filter medium and is thus removed.

il _
Glossary of Symbols "
= Surtace arca of the porous bed (lilter medium), m?
¢ = Porosity of the cake.
-' r[ = Viscosity of the filtrate, Pa-s.
K = Constant in Kozeny-Carman equation.

. K = Permeability coefficient in Darcy’s cquation, m?2.
' L = Thickness of the cake (capillary length), m.

L]
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AP = Pressure difference an..ro:,s the lnltc,r f’
R..xdm:-. 0[ llu. Laplliaz ¥, m.

f [

V = Rate of I llmlmn. ¢

]

QU ESTI()N BANK
Lach question carries 2 marks

i

1. List the 1aqm:~ influencing’ th rate of filtration
S, N . | |
2. Write Kozeny-Carman cquation and give its significance ""

3. List the functions of filter aid&*

8

4. Give the principle of !lluauon process.

3 5. Differentiate between pn.ssun. filtration- and vacuum hllrdllon

0. L.ist !ln... ]")lC)pLI'IICS of filter aids,
K7 Dlslmﬂu:sh filtration and Llarxfu.qtlon Fa i B 5, el e
8. What are illlu alds? Give mo n,\amplus " i

Lach question carries 5 marks

)( | h:\plam the mechanisms of hllrutidn. e R 8
2" Wha arc filter o N . |
el ..11(1_‘;. Name the filter alde | :
o S ¢Oom ’
pmallu: v u monly | ?5’?‘] in pharmaCy

- ' 5

X3 Describe the construction and w orking of a rolarv conlmuous f'llcr

# 4. Describe the (.Unslructmn and xmrkmg of lcm ﬂtcrq

F.ach question carries 10 marks
. Lxplain the construct] ‘ R el s B g aln o
. struction, working, advantage - T B Gmain |
* 1 ages and disadvantages
Nress. . - ~ 1 E S vy d\ dnldgc?f of filter

"
2. Explain the theories of filtration gwm}, thc px

mci le mc At -
factors affecting  the process. _ p : {' hamsm and

3. With a neat dxagrdm describe the Lonstructwn and. workmg of a suuablc |

industriul filter for handling of‘hlgh sol:d contammg slurms

4. With a neat derdm describe the construulon

and ‘working of an industria
filter suitable for lermmtmn of Sylupq , £ oF an industrial

[ ]
¥
S |

. volume of liquid flowing in unit time, md/s. "

:.



