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Clarification

It 1s the processes that involve the separation of a solid from a@ or a fluid from
another fluid. gu or Ligurd

(;,\,;i)‘ﬂ The main reasons for clarification are:
® To remove unwanted solid particles droplets from either a liquid product or air.
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A To collect the solid as the product itself (crystallization, precipitation).
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Clarification can be achieved by filtration or centrifugation’

Filtration is frequently the method of choice for sterilization of solutions that are unstable

under heating conditions. (£ ve ! i preers ¢ g ple Adbclae 6 (TEyp) & T100¢8 @55 o i
oo g us Jdode T

Sterile filtration of |liquid and gases| is a commonly used method in pharmaceutical
industry. Clud
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Filtration

The following terms are used in filtration:

e ST
¥ The mixture of solid and liquid intended for
(&‘ﬁltration i1s referred to as {eed, suspension,

dispersion, intluent or slurry.

e The clarified liquid passing through the filter is
known as [effluent or filtrate] «—: "3y ¢ 2 L0
—M,l_"ll(u‘

saaxse® The accumulation of solid over filter is known as
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Fig.22.2 Buchner funnel and vacuum flask.
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Types of Filtration
Solid/fluid filtration el 0 Sl
» The separation of an insoluble solid from a fluid by means of a‘porous
medium that retains the solid but allows the fluid to pass.
It is the most common type of filtration encountered during the
manufacture of pharmaceutical products.
It may be divided to:
— Solid/liquid filtration
— Solid/eas filtration
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Solid/liquid filtration
The applications of solid/liquid filtration in pharmaceutical processing include:
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Improvement of the appearance of solution, mouthwashes etc. ; J*/L‘.’,/‘f; S
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Removal of solid particles that may block certain instruments like HPLC columfs .= obe
Removal of potential irritants (ex. from eye drops). e
Recovery of desired solid material from a suspension or slurry (ex. after
crystallization process). PO G I 202

Sterilization of liquid or semisolid products.

Detection of microorganisms present in liquids by analyzing a suitable filter on
which the bacteria is retained.  wo:uei g s v s sl s,

Tiole OIS ol o yai A B L o 13] e Lo (o iy dons il

Types of Filtration

Solid/gas filtration

The applications of solid/gas filtration in pharmaceutical processing
include:

. T L of ted solid particles - in ord v ai

of the required standard for: PRl Tl RS TR s
— processing equipment (ex. fluidized-bed, film coating and bottle cleaning
equipment) - gDl G gels L

— manufacturing areas (sterile and clean areas).

» The removal of suspended solid particles from air in order to prevent the
material being vented to the atmosphere (ex. Filtering of exhaust air from
fluidized-bed and coating processes). Gyl Y g 3




Types of Filtration

Fluid/fluid filtration
The applications of fluid/fluid filtration in pharmaceutical processing include:
» Removal of turbidity due to flavoring oil droplets. el a1
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» Filtration of air from entrained oil or water droplets. =+

Depth Filtration Surface Filtration

Particles Media
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Mechanisms of filtration

by ™ Straining/sieving
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filbr e This occurs when the material to be removed has a
larger particle size than the pores of the filter.

» Filtration occurs on the surface of the filter and therefore

the filter can be very thin.
* Filter media of this type are referred as membrane filter.

* There is a tendency for them to become blocked unless

the filter is carefully des1gned Tt BITLAN GG g e R B K
UL [k S (2 O 00 s e s

 Filters using stra1n1ng mechamsm are used where the
contaminant level is low or for filtration of small
volumes. (ex. The removal of bacteria and fibers from
parenteral preparations).
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Mechanisms of filtration | 3.
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Suspended solids may have sufficient QOﬂnfEm that they do not follow the fluid path
but impinge on the filter fiber and are retained.

Some particles (small particles that have low momentum and can pass through the pores
O Gabis "l S ands ad) Tan Sl Slusall

between fibers) may follow the fluid streamlines and miss the fiber. s L 55 e 1 125 (Srcamlines) e

To ensure the removal of all unwanted material, filter media using the impingement

mechanism must be sufficiently thick so that materials not trapped by the first fiber in its

path is removed by a subsequent one. T S b S B o i
.(3adl ;i) Depth Filter <secy jldll 1ia
These type of filter are referred to as depth filters. ) 5 S0 e sl L

The fluid should flow through the filter in a streamline manner to ensure the filter works
effectivelz. *;{\_:—v: o127 WS 35 GWB16L i e (Gt G) Bk g e s i acfe b0 lo b
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Depth filters are the main type of filters for filtration of gases.
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Collected

—— Streamlines

Particle paths

Fig. 3 SEM of the random fiber matrix of a depth filter. Fig. 26.1 Filtration by impingement.
(Courtesy of Sartorius AG.)



Mechanisms of filtration
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« (Electrostatic forces and other surface forces may exert sufficient hold on
the particles to attract and retain them on the filter medium.

» Air can be freed from dust particles in an electrostatic precipitator by
passing the air between highly charged surfaces that attract the dust
particles

Autofiltration
» [t is the term when filter cake acts as a filter medium.
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Factors affecting the rate of filtration

The rate of filtration depends on the following factors:

: : 5 -
Juluﬁ- Ldls The area available for filtration (A, m?) b

AN
rj;’ZZ The pressure difference (AP, Pa) across the filter bed (filter medium and any cake formed).

/3 The viscosity of the liquid passing through the filter (i, Pa s). A viscous fluid will filter
more slowly than a mobile one.

,*?ffsf«4. The thickness of the filter medium and any deposited cake (L, m).
The above factors are combined in the Darcy equation:

12




Factors affecting the rate of filtration

« The proportionality constant (K, m?) expresses the permeability of the
filter medium and cake and increases as the porosity of bed increases.

. . e

» K is given by: e G 3
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where e is the porosity of the cake and S is the surface area of the particles
comprising the cake
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Methods used to increase the filtration rate

Increase the area available for filtration . —

* The total volume of filtrate flowing through the filter will be dlrectly
proportional to the area of filter. 4y 4
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» Also, the distribution of cake over a large areca means a decrease of
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* The rate of filtration can be increased by either larger filters or a number
of small units in parallel. G
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Methods used to increase the filtration rate

Increase the pressure difference across the filter cake

/d'uv’f;“ The gravitational force is often two low for a sufficiently quick

filtration. A P Gy VR Yiged &
T e Mo A s X .
« If a vacuum is pulled on the far side of the filter medium then the

pressure difference can be increased to a value limited practically by the
boiling point of the liquidsuwtesse. bon, bt g0 FL g ouiiottt Sipn s P Wegrnssns S YT

* Vacuum filtration is used in the laboratory when there are safety

advantages when using glassware. —

* Most industrial filters have (positive-pressure feed using pumps. The
pressure used is limited by pump efficiency Q{ld the ability of the filter to
withstand high pressure. b 6.4l i

le Bually Sleall 3,05 58 5 il
* Pressures up to 15 bar are commonly used.
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Methods used to increase the filtration rate
, e
Increase the pressure difference across the filter cake o ﬂfﬂw¢df»%ﬁg.
» Too high applied pressure may cause the particles tomand therefore
decrease the bed porosity (e¢) which leads to a large (amplified) decrease
1n cake permeability (K).

Ko bop —vgestt 0 o p\WI g S\ e )\
» The effect of decreasing K greatly overweighs any increase in filtration
rate arising from a thinner cake.

» There is also a danger of blinding the filter medium at high pressure by
forcing particles into it, especially in the early stages before cake
fOI‘InatIOIl. lle Laall oK 15) (Cake J1 065 L J3) Llaall Ll o
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Methods used to increase the filtration rate

Decrease the filtrate viscosity e e

o, . o To increase the filtration rate the viscosity of the filtrate can be reduced
‘»rg,aé{'"]_cf.@ by heating (unsuitable for thermolabile and volatile materials) or by
@ dilufion (providing that the increase in filtration rate exceeds the effect of

increasing the total volume).
Decrease the thickness of filter cake
* In some cases if the cake is allowed to build up the filtration slows or may

almost stop. In these situations it may be necessary to remove the cake

periodically or maintain it at a constant thickness. 2, Gl U G
ks gj e U paea S Lo
./1,:""\’ T o) ey
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Methods used to increase the filtration rate

Increase the permeability of cake el . e
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» The cake permeability can be increased by including filter aids,
which is a material that forms a more porous cake when

included in the dispersion to be filtered.
« Examples: diatomite and perlite. /" flh o
» The use of filter aid 1s not appropriate when the filtered material

is the intended end product. s g LWL fpet! 0 130 1S Y0
/sy d) u0p P bt A3 lomins ot v Bl iy 1 W\ (e s
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Filtration equipments

The equipment used for filtration should be: 1% =

\?\. Q«/u\

Fast +~
Cheap . —
Easily cleaned +—

Resistant to corrosion ,—

s, 2l 2l Y ez oS 3,0, ..'54.\)9‘{:»‘.,1;,

10

19

20

Capable of filtering large volumes of product before cleaning or
replacing the filter. .é_QC;Ji;’:"J\}JQJ‘;?”JWI&&O@L e
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a)
b)

c)
d)
¢)
f)
g)
h)
)

The type of filtration and type of fluid (gas or liquid)
The chemical nature of the product (The product should not react, be adsorbed by or
cause degradation of the filter)

The volume to be filtered and the required rate of filtration

The operating pressure needed.
The operating temperature. —s —, 2= U’\;"ge.) e
The amount of material to be removed

Whether the filtration for sterilization or not —» §* ¢ste ~1Slys

) ) 2.5 2 W) ~ b
The degree of filtration required ;::/}vfzm e e
The product viscosity Sl s’

20



11

Industrial filtration equipment

Filters can be organized into three classes,
namely gravity, vacuum and pressure
o b c

Gravity filters

. Sravit ﬁlters are common in water treatment, ro—
S\ALLIL Jon o L85
wherea sand filter may be used to clarify water

prior to deionization or distillation.

Rapid Sand Filter

Treated Water

:/ Outlet
= “~ Raw Water

Inlet

* Also in laboratory filtration, where volumes are
small and a low filtration rate is relatively
unimportant.

Untreated
Water

— Sand Filter

5 g Vies 5l v V&;, ,@rwi‘"”

— Quartz Gravel
Treated Waggr
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Industrial filtration equipment
Vacuum filters _ . . ;o }
"4 \,I,go.nl
ky"Rol‘avry vacuum 11, lter e sl o\ Washing N
. ot . Water —— = Drying
* The rotary vacuum filter is continuous in W vttt iy SN
operation and can be run for long periods d /// A\ // \
handhng concentrated SIurrleS' ‘-‘-I““-'\L‘Jyu Drainage ( ) ; " ; \ \ Are(};?(':\?’dl
» It consists of two concentric cylinders with an ™" | {1 oo 7 S

Scraper

number of septa by radial partitions.

Connections to o knife
« The outer cylinder is perforated and covered e Sy
. trough
Wlth a ﬁltel' ClOth. Pick-up zone
« Each septum has a radial connection to a
complicated rotating valve.
& 22
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Washing
zone

Drying — N “—~
e e '-"/)’Oi{

1‘
P

A —
> 36D
X
_ | A cake
Drainage | removal
zone ‘%,\\\\:‘ zone
£
§§i\
]
Scraper
Connections to knife
rotating valve
Slurry
trough
Pick-up zone 23
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Industrial filtration equipment

Vacuum filters

Rotary vacuum filter

5 ! Operation:
B » The cylinder rotates slowly in the slurry and a vacuum applied to the segments draws

filtrate into the septa, depositing cake on the filter cloth. S s e | Gl ()

Cake Jasis 1 e ALl ol goni 5,051 T (Filtrate)

» When the deposited cake leaves the slurry bath, vacuum is maintained to draw air

i iy placall Cake Il dbala as (asall e 201 aliss U

through the cake, thus aiding drainage. << 2oss=
» This followed by washing then further drainage in the drying zone. < - = v« oo woene

ieass Exn (DrYing ZONe) it Tikia JA s cinss il ilsd
skl (pn Tan Lus ST s il

» The cake is removed by the scraper blade aided by the compressed air forced into the

Se ta, ol biuall clggll sla (Compressed air) i’ J "hid" te calliss plesall (85501 Liled 23l Jags U

aadll i o Losisis (Scraper blade) dadlS oS sy (3 AL e Juaiis Cake JI

» The function of rotary valve is to direct the services into the septa where they are

. y50ll o L3S anan (SePta) il (ole (clsa il cfanni chaiid) SLossll 30 sy alall s
required. '~ iAo e
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Industrial filtration equipment

Vacuum filters
Rotary vacuum filter

Operation:

* Rotary filters can be up to 2 m in diameter and 3.5 m in length with a
filtration area of about 20 m2.355x! g0 L w? > T e5 e A TR0 7l olilo 85

» Difficult solids which tend to block the filter cloth necessitate a
preliminary precoat of a thickness of filter aid to be deposited on the cloth
prior to filtration of the slurry. () 5l sl s 5 e

Filter aid < Jslas ole 3lad! Jicty (SIUrry JI) clsall 35t 15 L i :Precoat Jf +

el 3si Filter aid 1 (s aans ksl i (155
Sl Uit Sleally il Ll Jd oo Loa¥) Ll Jongis Lo Filter aid 1 Gk 35b 3la ¢ Lug¥1 el il s UL+

« If removal of the cake presents problems, a string discharge filter may be
employed. —iust ¢ Wy b Soaper bok o5 b, Gl Ty 50 e Cale A1 b
PP NP RN R RSO AS ct o fp s St Distuge

APY A e
.. i A Glglars¥! s s gl 5L (i) il Cake Jf Juass U
W)Jl,'v\ Tp\’ U=e iy Ll 0o T Cake J1 Loas iy s Gl gty

25 1 Gl ol TG0

Fig. 26.4 String discharge rotary drum filter.
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Drum

/ Scraper knife

Agitators

Water sprays

Drainage zone

Slurry tank

.....
.-

Pick-up zone

5' zi::( ‘w Table 26.1 Rotary vacuum filter operation
Vs ¥ i
oy 1:,.\,; lone Position Service Connected to

Cliirev temninh
Slur rytr ougn Vacuum F\nm{g recejver

Vacuum Filtrate receiver

‘\‘A‘/_

Mach e 1 L
Wash sprays Wash water receiver

Vacuum

Wash water receiver
L i et J ol raraaiA r lenife g

e it (ke romoval Scraper knife Compressed air
L oldie Loty BSedly

Filter cake conveyor

Insorme cases, for example when the solid is the required product, the same receiver may be used for filtrate and for wash water

27
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Industrial filtration equipment

Rotary vacuum filter

Advantages

[t 1s automatic and ‘continuous in operation, so that labor costs are very

low. Ja/}c Cﬁ’”ﬁ S g K
C
 The filter has a large capacity.
 (Cake thickness can be controlled by variation of the speed of rotation.
R e e N AL iy Gl TS L L TS w vt Gl o s R E |
28
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Industrial filtration equipment

Rotary vacuum filter
Disadvantages
» Complex, expensive and require ancillary equipments. . —

» The cake tends to crack because of the air drawn through by the vacuum

system so that washing and drying are not efficient.  .Lews. Gndirv e vaum w2 5
COege L it e e e o G R0l bt i o1 G Tarh S

* The pressure difference is limited to 1 bar and hot filtrates  may | boil.
oI iy e iz v X Lhar Wps Mg 5] RSP Bl SUD) Ji T

* The rotary vacuum filter is less satisfactory if the solids form an
impermeable cake or will not separate cleanly from the cloth.

Sl Gy alag Glead! s (BOl) (i aalag baill MeaLl s jilin ol J5Ladl (S 13 Ll
sl 3] g1 (Jilw 3yat L (IMpermeable) "dasiS" duls Jaats Libiall 3aU cilS 3] ianall lshl
ol (sl Ly "ol a” Slead! snemy Sl e Usguny albily Loy el 355 29

Industrial filtration equipment

Rotary vacuum filter
Uses

 The rotary vacuum filter is most suitable for «continuous
operation on large quantities of slurry, especially if the slurry

K @5 Yl ~
contains considerable amounts of solids (15 —30 %). ot JiL e e
9(4’ Jlﬂ\/lyd’l' \),,I QMIM -‘_g POWJ"’ &5 1..¢)f(J|~,é»LZ.; /!«SUL&M

« Examples of pharmaceutical applications include the collection

of calcium carbonate, magnesium carbonate and starch.
FUNUP (e jpesd 5 51500 00
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Industrial filtration equipment

Pressure filters

1 Metafilter
» The metafilter consists of a grooved drainage rod on which is packed a

series of metal rings.

Sans Slala" e s (359 91 Blad (ole aalny o

* These rings are about 15 mm inside diameter, 22 mm outside diameter
and 0.8 mm thickness, with a number of semicircular projections on one

surface.

» The height of the projections and the shape of the section of the ring are
such that when the rings are packed together and tightened on the
drainage rod with a nut, channels are formed that taper from about 250

pm to 25 pm.

&l 13 . (Grooved drainage rod) olsis i ia dle ol 1iag Sbish ane " gae JuaS

oandll Lass G358 (Metal rings) duaall Sl (e 8508 degane 4ad gl
A(plo 0.8) T i,y LiSLanng cals 22 7111 (g als 15 Jalall oo Layki olilall sluls «
el JS8 ole Tua Byuin Slesti of "alygn" Saals dga oo Lele dila JS :(Projections) o sl ¢

R3AR 31

it alygull o ole¥ e (NUt) "Ugala o Laniiig Leaas 358 o laladl aas U :(Ch?nnels) olgaall e

S Gy Tua Byuin olelyi

Lo aal foad Blas Lo JS sty (SiagsSee 250) E,0al1 o danals T (lsill) leLall oda 15, +
Bl E Loag¥1 i (o s Ly €50 1in e S0 25 1 s

Industrial filtration equipment

Pressure filters

Metafilter

One or more of these packs is mounted in a
vessel, and filter operated by pumping the slurry
under pressure.

For removal of finer particles a bed of a suitable
material (such as filter aid) is first built up over
the rings, and the pack of rings serves essentially
as a base on which the true filter medium is

supported. cleg o1 oA Jals (Packs) ¢ Ll sia oo degans aats (oSl

Jals (s cal) 368 (Slurry) Sall Sl | fasy @00 3l

Lol

WA g 1 Slatall sl A o st il 2Ll »

ks (oY oy s (Bppiadl olall) dnadl 51 Jass

SUall Lad Tas Bpsaall Sloall 51 Lol Sany ¥ aaaldl 1iag « jieg Sis 25 (ob Slalall g olsidll
.(Diatomite JI Jis) Filter aid 4 Jslass Y51 5leadl Jiuiy »

Awiaall ]l Ges Filter aid J1 oo dauds oS0

8,508l asin U s Filter aid 11y «(Base/Support) "sae " syas juats diaall sl La »
i Gy el

Grooves forming
outlet for filtrate

\g\ i 7/)/
Projections 3
giving required % §
P ¢ )
spacing (
\—--4~/( | Stacked fte
P } { rings mounted
7 )\ =77 | ongrooved rod
€8 /) % Rod shown broken
O/ to allow illustration
Plan of fing of structure

Formation of filter
bed on column

End cap

Fig. 26.5 Metafilter. Construction of the filter element



Industrial filtration equipment

Metafilter

Advantages A PN A 1 6 i e
s * The running cost is low since there 1s no filter medium

¢ebehe=" High pressures can be used with no danger of bursting

~ qulzw.\’\
4’ w7 It can be made of materials, such as stainless steel, that provide

vww’;"' resistance to corrosion and avoidance of contamination.
Ngs 28
_‘:, . =+ By selecting of a suitable grade of material to form a filter bed it is

possible to remove very fine particles. o aid G0 =ip e i U0 95> wael i Glitp i
S s Diohih o

an,l aelll

LS sl
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Industrial filtration equipment

2) Cartridge filters I 2o o ) VN5 K
 They consist of a cylindrical cartridge,

containing highly pleated material (ex. ;f::ﬁ N

Polytetrafluoroethylene (PTFE) or nylon) or sres %=
bw«

el 9 .o string-wound material, fitted in a metal
supporting cylinder-> VN

» The product is pumped under pressure into one
end of the cylinder surrounding the filter
cartridge.

 The filtrate is forced through the filter cartridge
from the periphery to the inner hollow core
from where it exits through other end of the
support cylinder. ek GG fLode el IS
G L g 6 Gubrdyds Glotl g lrialfs st op > Guphredge X 9528 (58 00
VW éW\GJU/% W= g (ilbrale Gp!
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Industrial filtration equipment

Pressure filters ‘%‘

S ot waHmery
g R e

3) Plate and frame filter press . I
|7\ i

 Material to be filtered enters the apparatu "'g@
under pressure through a pipe at the botton @' e

21w
ankM

and 1s forced into one of the many chambers
A filter cloth is positioned on both sides o
each chamber.

* As the material passes through the filter
cloth, solids remain behind in the chamber
and the clear filtrate passes through and out

of an opening located on the top of the
apparatus' sl @)}' kil oAb (o G5S Slgdl
il gaaadl &l6i8 ole (g93a3 ol 8 58a0 65 1(Plates) ciliall ¢
.Cake JI ganil daliws udgil JAlll oye 42580 065 ((Frames) oyl
laly dasin JS o e a3 ((Filter Cloth) alall ales
JlEil] (Chambers) iyl oo degane (ysSiic Sl dacals las abadll oia bias Losie
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Plate and frame filter press
Slide
Fixed v Frame Head ‘E
Head Media Plate E
Filtrat , :
JLL.E.\..AQAAJA.LI (Slurry) sSall Jiledl Jsaall
¥ 58 WL ssase (Pipe) qussl YA o
by S B Bl il (o S Bk s Ll sl +
(obbyl daly)
G e yasd ccagygl! Jslas Jileadl sl +
Side ' REFEINS @sila sle sl
s SUY T i)y Lesins o 1(S0lidS) dabeall slsll »
- .Cake I ;5
Slide Juass saledll jie e (Filtrate) caulsill Sl
ooVl 8 Lemiaiig 18 e i o5 cilieall ol
Head Plate Head wledld e bAe e
Plate 36
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Industrial filtration equipment

Plate and frame filter press

Advantages 2o g oo _ti55e S ) Shhinke FoiS N wigi | 5
1. Construction 1s very simple and a wide variety of materials can be used.

2. It provides a large filtering area in a relatively small floor area;:”iﬁ&a?f:‘;/

3. It is versatile, the capacity being variable according to ﬁféwthickne_ss of the
frames and the number used. F2pp s np ST Y _w BN (7 She v onf plip oS0

4. Maintenance is easy and the filter cloths are renewable.
rfay < Disadvantages e RO

M1 3170 9Nt s a batch filter
Ty b ¢s . : . :
~ezpts -\ix"{ifjj ¥ Db. The press is relatively expensive and labor costs are high
¥Vie e c. The filter is used for slurries containing less than 5 % solids.
o TR whs s D W5 Y slle
95“'0""’/@07’)" NV ﬂwdﬂ t-'d)"—)':‘-' Slqg\_) Cat W‘QL;
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Industrial filtration equipment
e 7 D LS =,
. \Y‘\J\—‘N\ “ﬁwlj’@?,ﬂwﬁ) ,V}W/‘A(Tr_;;, @L-‘ "L‘J'ww;\éJ:(g—"ﬂ")’»
L ) Cross flow microfiltration i s b CRB ,,:;:,,_‘,
(e 48
* It is possible to form membrane filters within hollow fibers The membrane may

consist of polysulphone, acrylonitrile or polyamide is laid (iownﬂwit?in a fiber
. L S ’-'j,{{g_’p,;f‘ ;;‘..;-v oas fibatr M=

which forms a ngld_(nmr_pm:ous_mppgﬁ.—}wu' o arm e s s o e s ol
* A large number of fibers can be contained in a surrounding shell to form a cartridge

which have a high effective area for filtration. —w's@> sill 2wt gG62 441> Aot bibers N sl et

e . . 2Ll THOW T g3, ) feas

* The liquid to be treated is pumped through the cartridge in a circulatory system so

that it passes through many times. #¥%'We SV 00 gL RS, fbes. 612 Sl Basim gL 2D

] ol A V15 Glle )N EZ S pasmbrine ds GeesS &}
» The filtrate (permeate) flows radially through the membrane and porous support.
zi'-olJJ):(h

Uses:
s s s s Juad Jis :(Fractionation) daaslendl o lamiall &30
* For'fractionation of biological products. ™ | . |i i, oot g cto

» The process has been suggested for recovery of antibiotics from fermentation media
" padIl Lo’ o dygaall SILAL GadATLY piaiud

¥ L Ll L,sSll g aas (Fermentation media)

e 3, Lilgatlly WAl e Uladll 5ulll Jumi ole ol
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Fig. 26.6 Cross-flow microfiltration through an individual fibre.
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Microfiltratior

el iy ooy elydand

. mioo “‘H'?-L....
‘JJ“}L 0" \~¥t~..\o Ultraﬁltratlo

J‘Ulu\;_.\..,l oo

Water
Nanofiltration
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Pore size (micron)
0.00001 0.0001 0.001 0.01 0.1 1.0
Ul e g e | Microfiltration |
vy O 0/ 2 0 2 4L I
i | Ultrafiltration |
| Reverse Osmosis |
Fig. 1 Typical pore sizes for membranes used in reverse
osmosis, nanofiltration, ultrafiltration, and microfiltration.
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Centrifugation

» Centrifugal force can be used either to provide the driving force for filtration or to

replace the gravitational force in sedimentation. rww’ﬂ» eV Gld | was ausliem bl
0}7"‘) (—J-u; Tesld) b W) SFS I 2

Principles of centrifugation

+ If a particle (mass = m, Kg) spins in a centrifuge (radius r, m) at a VGlOClty (vms') then =<’
the centrifugal force (F, N) acting on the particle is equal//m v, c ST R

U c‘.r'

* The same particle is affected by gravitational force (G, N) =mg (g—qgrawtatlonal

L PR SRS e S T E
* The centrlfugal effect (C) 1s the ratio of these two force (C = F/G).
 If velocity is taken to be mdn (n: rotation speed s7!, d: diameter of rotation, m), then:
LAl iend pane, g 2F 0Ny Ve B C = 201 N2 e

JS'fJJu ._pds Spsl yRE | P! neps G5
In order to increase the centrifugal effect it is more efficient to increase the centrifuge

speed (n) than to use large diameter (d). N al

41

bl o) disaall

Industrial centrifuges

(R b ) e
There are two main types of industrial
centrifuges used to achieve separation:

7« Centrifuges using perforated baskets,
which perform a filtration-type operation

030l B G gl WD o6
(work like spin Jclldr:“e_{) s 2 M GELS 25 23 ik

/+ Centrifuges with solid walled vessel,
where particles sediment towards the wall

under the influence of centrifugal force.
55 gty w1 wsd

DS Ol e Ty Gl gy v b
Sedmertafion _/.1-"!_‘"""
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Industrial centrifuges

Perforated-basket centrifuges (centrifuge filters) i memorane o .
» This centrifuge consists of a stainless steel perforated basket lined with a filter

cloth. 2 s 25
« The basket rotate at speed which is typically less than 25 S-1.

» The filtrate is forced through the cloth while the solid material is retained on the
cloth.

* The cake can be washed if required by spraying water into centrifuges
Advantages:

A. It is compact and efficient—s,, <, .\ 4 op >~ PRPARCN SNy
B. It can handle concentrated slurries which might block other filters.—= @ wﬂj‘i’:@»"
T | s>
C. It gives products with a very low moisture content (typically around 2%) which
saves energy during drying, A erecvino step GE Do o

) ) ] =3 L Sl i e Jlpre
D. Continuous centrifuges are available for large-scale work, which have means for
automatic discharge of the cake from a basket. &= e gsi> Gt g et 43
(3,855, B0 47120 ) Ll

Interlocking

Filter 5 |
cloth _§ - Perforated

basket

Liquid
outlet

Fig. 26.7 Centrifugal dewatering filter.
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Industrial centrifuges Jile Eas

Tubular bowel centrifuges (centrifugal sedimenters) _, ;5 wlog5b0

el ],
Wy

These consist of a cylindrical bowl, typically around 100 mm in diameter and 1 m
long, which rotates at 300 - 1000 s!. et )
T dsWps Ui

The product enters at the bottom and the centrifugal force causes solids t0 be  «. x 511 i o oo
deposited on the wall as it passes up the bowl, the liquid over flowing from the top. el ~41¢
Pl ~afs gL~

This type of centrifuges can be adapted to separate immiscible liquids.

The inlet rate should be controlled in order to allow sufficient time for sedimentation

to occur before the product leaves the bowl.
Gl leal (Inlet rate) Jladl Joaa deyen (o8 aSaall o

Advantages Eoie O U oluall G gia Sleall Jals LIS 8,5

Compact efficient and rapid
Solids can be classified by control of the speed of rotation and the flow rate. rracuresion ot i s
Suitable for difficult solids that would block the filter medium.

45

Ulter centerfuge

45
Toolall eyl m ST oS S5 il i T 2l Lo S ey
Industrial centrifuges
. ’ J R Liquid outlet
Tubular bowel centrifuges (centrifugal sedimenters) rL JjH N
Uses: ' !J '
1. Liquid/liquid separation( Nﬂ e) ; |
2. The removal of very small particles | %J i;‘jg;g:;eg’;'wa”
3. The removal of solids that are compressible or those which | 1
easily block the filter medium. i f f
FU, b= g 50, Lp\»w""y-' Wv‘d’ AV IN 2  h A 1]
4. The separation of different particle size fractions M !
5. Examining the stability of emulsions "LTF;J
e & Y bt | STl i
6. The separation of blood plasma from the whole blood W~
7. The removal of dirt and water from oils ~nlet
Fig. 26.8 Tubu! ntrifuge
46
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Filter media

Filter membrane or depth filter

» The surface upon which solids are deposited in a filter is called the filter
medium

» The filter medium must
1. bestrong &~
2. have low resistance to flow .~
3. be unaffected by the substances in the slurry
4. Retain solids without plugging w.ssas b ~£

PV P Y o I W
» Filter media are available in different materials and forms:

* Woven materials (=, ,.t0)

— Filter fabrics woven from natural fibers (ex. cotton), synthetic fibers,
glass, or metal (ex. stainless steel).

47

Filter media

* Nonwoven filter media =g 5o
— Felts, bonded fabrics and Kraft papers
* Membrane filter media ¢4, sz c.

ot : : :
— They are used commonly in the preparation of sterile solutions.
—

— They are made of various esters of cellulose or from nylon, Teflon, PVC,
polyamide or polysulphone.

— The filter is a thin membrane, about 150 microns thick , with 400 to 500
million pores / cm? of filter surface.

— The pores are extremely uniform in size and occupy about 80% of filter
volume.

—_—
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Filter Aids s e bl

+ Usually, the resistance to flow due to the filter medium is very low, but

ere . . . . Tk oS W fast Aiat . N 2o dlad aldll aled Bule
will increase as a layer of solids (cake) is build up. * =" PR jﬁ;bﬁj ﬁg Ijﬁafe) -

» The object of filter aid is to prevent the medium from becoming blocked

Open Jaad (S5 Lgaians 8,00] oluaa oo Jaa Filter aid
and to form an open porous cake. Ayt o Ll Lot (imie 5Ll Lo 5) pOTOUS cake

« Filter aid may be used in two ways:

— Precoating: Application as a precoat over the medium by filtering a

suspension of the filter aid. o e i) e Filter aid o i il 5y
ALl 3 "lan Tk s oLt

— Body-mix: Adding a small proportion of the filter aid (0.1 —0.5 %) to
Jiludl Jals Filter aid 41 o (% 0.5 = 0.1) Tua 5 juiun LS Ciualy
the Slurry' Byl «:J?U s Glalise i 5 cliag ﬂL'Aﬂj i Sall

+ Filter aid may be used intentionally to adsorb certain solutes (ex.
Decolorising sugar solutions by means of charcoal).

49
49
Filter Aids
0 GhN;ﬁ)Igiggrtant characteristics of filter aid: | | — boroue \}» el g lgics )
WU 3 L W ;¥ 8. It should be a structure that permits formation of|perviousjcake 7° e | gy T2
b. It should have a particle size distribution suitable for retention of solids, as required.
c. It should be able to remain suspended in the liquid
d. It should be(fner?)
e. It should be free from moisture in cases that the addition of moisture to the liquid is
undesirable.
Examples:
» Talc: Nonadsorbent, chemically inert
» Charcoal: Adsorbent for many active constituents.
* Clays: ex. fuller’s earth, Kaolin
« Chalk and Magnesium carbonate: react with acids and possess a finite solubility in water
n flui ith the pr ion of alkalinity in the filtrate. > d(i\”;:nig;:i?(;‘ﬁ:ﬁ)l Zﬁtﬁjﬁ
. C Bentonite, diatomaceous earth, perlite, asbestos. cellulose, silica gel. .
Il:l(:t"zz be swallowed
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