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Clarification i rads o

It is the processes that involve the separation of a‘ﬁsolid from a Jor e[ ﬂ%id from

another fluid— gws gl 5o o g caim\s J Ligiad]
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The main reasons for clarification are: =% = omslom i e e o ool s
* To remove unwanted solid particles droplets from either a liquid produ)éﬁfaéﬁfjéffﬁ .
* To collect the solid as the product itself (crystallization, precipitation).—)
s crystalization Jexsd ligiud < solid i e 5 ligiud o 4l 2 (Saa solidd) 4l

Clarification can be achieved by filtration or centrifugation > /1« J=s¥precipition
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Filtration is frequently the method of choice for sterilization of solutions that are unstable
under heating conditions. paaiul a5 Lad gensitive to heat s s Cemesolutiond miad Jas | (s Mia
Glee @ligd bacteriadl 3 ey sold) 3 folter a23iul (Kasd qutoclave
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Sterile filtration of liquid and gases is a coniiiohly*used “ficthod in pharmaceutical
industry.




Filtration

The following terms are used in filtration:

501 oe Vg;ugwwum_u
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« The mixture of solid and liquid intended for "
filtration 1s dgferred to as- feed, Suspenszbn,@
(& dispersion, influent or slurry: -

Porforated plate covered
with filter paper

* The clarified liquid passing through the filter is
known as @ffluent orx fAllrate) 1> -, (s ) sn B U5 filirationd adee

* The accumulation of solid over filter 1s known as
Cal(e_ cake 4aul 058 7 8 filterd e solid e ) 4= filtrationd) 2= L

Fig.222 Buchner funnel and vacuum flask
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Solid/fluid filtration

* The separation of an insoluble solid from a fluid by means of a porous

Types of Filtration

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/gas filtration



Types of Filtration
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The applications of solid/liquid filtration in pharmaceutical processing 1nclude o
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e

Improvement of the appearance of solution, mouthwashes etc....___..--

Removal of solid particles that may block certain instruments like HPLC columnsz

el M‘y: Lo gl glas o 2 gale andiud do s
Removal of potential irritants (ex. from eye drops). w2 imion o o8 Se 0 o o

M’-': pxmul L
wll irsitation HPLCJu Ssolution

Recovery of desired solid material from a suspension or slurry (ex. after

super deel 43l 33,k e ligiud o solid p=liivl Sbacrystalizationd)

CryStalhzatlon process). crystald! de cilias ¢l 503 5l 5 solutiond! <lyal a5 saturation
aqe . . . 13l sterilization Jee! s 43 1S solid particel 4 s () semisoidd) L 2 suaiall
Sterilization of liquid or semisolid products.}—=  ssuseion i S s SEET e Sl i
o Suii 7 4 ) i solid particeld!

Detection of microorganisms present in liquids by analyzing a suitable filter on
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which the bacteria is retamed__ﬁ= ST e
& O mixture J) J» microscoped)!

Glee 585 a5l microorganism

detection of microorganism in the liquid

Types of Filtration

Solid/gas filtration
The applications of solid/gas filtration in pharmaceutical processing

include:

 The removal of suspended solid particles from air in order to supply air

T3 | 5ell g ) o Jadli liaty ) s jea ¥l 4nddiny

of the required standard for: i ol el  yariig >
— processing equipment (ex. fluidized-bed, film coating and bottle cleaning
equipment)

— 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).

S G sterile (oS8 OSbab Lpnia Glil Uit 4 g2¥) Gian
solid particeld! béds s filter



Types of Filtration

Fluid/fluid filtration
The applications of fluid/fluid filtration in pharmaceutical processing include:

. g . . turbidity 0 Ale ) 5 13 SlkS i ol e Jila dliic ey
« Removal of turbidity due to flavoring oil droplets.— .5 o el il i s s
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* Filtration of air from entrained oil or water droplets. i domi o oo
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Mechanisms of filtration
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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. =% ;:‘j‘,;‘;i“‘fif Lﬁlf: iﬂfﬂﬂ‘fﬁﬂ Qf“;w
* Filter media of this type are referred as membrane filter.

* There is a tendency for them to become blocked unless

; : lidd) &8s 43Y A jusy jSuss - filterd] cladll 43l sieving J) 4lSia
the filter is carefully designed." ;= T s 7 e i e

 Filters using straining mechanism are used where the
contaminant level is low or for filtration of small
volumes. (ex. The removal of bacteria and fibers from
parenteral preparations).

S Lo claidl) lie Tiqiudd! o low volume padias <lil jlaai -
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Mechanisms of filtration

Impingement
» Suspended solids may have sufficient momentum 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
. . . larg JV43¥ o 5aS (5 S5 3Y filter Jithicknessd!
between fibers) may follow the fluid streamlines and miss the fiber. o< uviayer o5 20815 particel

an M 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.
» These type of filter are referred to as depth filters.

* The fluid should flow through the filter in a streamline manner to ensure the filter works
effectively. sl led o5 e Gnn s Sm e 3¥fliud

* Depth filters are the main type of filters for filtration of gases.

gl 43Y imingement filter J) Guob Oe S cada (85158 allay Jaay g ad 2l (e (85 pall |l ey o0y Sl ey La )
gads Jfiltration Jasis 43 lall 9

Collected
solids

— 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.

Attractive forces

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

particles
fv}}‘(aj"or\‘_\.y OQRJA(/”[‘)!'\)M@(J j\w
8'\‘}3 J
Autofiltration
» [t 1s the term when filter cake acts as a filter medium.
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Factors affecting the rate of filtration
. . JSlligiudd) gday ressure J) 32
The rate of filtration depends on the following factors: o v_ac_uxfc M’&L »sm_;:sf:
. . ) i all 058 5 ) surface area ) Ue o) 35 pressure@‘%ﬁ]tratwrﬂj
1. The area available for filtration (A, m2)+" 6 oS filtration rated! s (pressure s 8 of e sl s Cunt
2. 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 (p, Pa s). A viscous fluid will filte
more slowly than a mobile one. filtration rated) < viscosityd) )3 L JS
4. The thickness of the filter medium and any deposited cake (L, m).
The above factors are combined in the Darcy equation: "5 e
el 4
A
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I\ A [ o 0.9 & S
Rﬁyﬁ a‘@ | — M i A AN 4
Fibaken N U5
£ X’)f o lon t /'dlf e
J
N Za e 12

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.

=2 )_~, OUs

«(K'is given by: (‘—ﬁ 3
;:J\'el 5‘9':\,‘-‘_\ Q«‘J‘XJ e

NS N L X K =
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2 o2
\ 1- é . S
surface area J) < sl 4l 35k (e Lgpans 5( e) e e Ote P“’\"'ce)
o dansi elae |5 el g lle |l as filterd)!

sl aas ;\4‘\-«.&_!1/ o\}]_)\‘

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 directly
proportional to the area of filter.

» Also, the distribution of cake over a large area means a decrease of

tthkneSS, L-surfacc Jha) Ll b (filter Jb Sadll sae 35 (g Say)filtration rate d) &) el s filtrationd! aread) 251 g
filtration rate J) <) (Fay <ha g Unil cake J) 0585 (Ao ) S 138 5 S) st oxie 58 ) area of filteration

» The rate of filtration can be increased by either larger filters or a number
of small units in parallel.

Aena filter cuss Lalflens o3 (Sall 1 Gulalilic
vea ageaas I filter J) e 222 cual 5l S
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Methods used to increase the filtration rate

JVG8 )l s 4l 4y hall

Increase the pressure difference across the filter cake (vacume 3/ pressure

The gravitational force is often two low for a sufficiently quick
filtration.

If a vacuum is pulled on the far side of the filter medium then the
pressure difference can be increased tg a value limited practically by the

bOlllIl Oll’lt ofthe 11 u1d o) bolilingd (a5 oyl (52 e a8kl (50 M pressured) Lus
gp S-lw‘\»¢ \’A:’j E"rs‘[” . Leie J81 (55 ol (52 point

Vacuum filtration is used in the laboratory when there are safety

Uss 5 Dlglasswere @ie 8 43¢ G labl vacume JI pasiusis
advantages when using glassware.™ = <>y S i e sl e

Most industrial filters have positive-pressure feed using pumps. The
pressure used is limited by pump efficiency and the ability of the filter to

withstand high pressure.
Pressures up to 15 bar are commonly used.
Jul 0 5S1p lein sa Jle baaall )5S possitive pressure J)

seSaty Il 535S pressured! deadfilterd) e s s pumpingd! o 813
paaiual pressuredh

Methods used to increase the filtration rate

Increase the pressure difference across the filter cake

* Too high applied pressure may cause the particles to deform and therefore

decrease the bed porosity (¢) which leads to a large (amplified) decrease

il’l Cake ermeabilit K. solid particeld! deformation & e (Sae S e pressure ik 13lus
p y ( ) ( thickness &I J& T cakeJ‘;) permiabilityd) & filterd! JSed = 3

—:’—B—Q_Q;_Q_}anh (J,gs )\ [ —_—e G m&(p@fy

* 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
for]’nati()n_ Y138 4l (e La sad 5 el pressured) ks 1) Lua

e wlasill yew # 5 Sxblinding of filter paper J ob 2
S
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" Methods used to increase the filtration rate

Decrease the filtrate viscosity

* To increase the filtration rate the viscosity of the filtrate can be reduced
by heating (unsuitable for thermolabile and volatile materials) or by
dilution (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.

caked! Jedl s o) (558 JS 43 31,k e thickness of cae layerd) JB) (Ses gl
filtration rated) <l 5 da sida aa 5 laiall s s thicknessd) JB o 5Ss ¢l s Jayer
e
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Methods used to increase the filtration rate

Increase the permeability of cake

» 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.

» The use of filter aid is not appropriate when the filtered material
is the intended end product.

s\ filter aid Leen oala adlial (33 )l e (K J 2 )pemeability of caked) 2 (Sas laS
Jae b Jma porous 055 el S5 = M caked) 35 7 filterd) (358 Lesral Ll salall
cake J e dwasVfiltration Jae! (52 Ul 13} (s compact cake Jee! e Jaligiud e 3 e
ligiudd) s 580 Wl Lgeadiund cakedl 252 50 diay = 43V filter aid J) aadiulgyads Le
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Filtration equipments

The equipment used for filtration should be: 5% > filiration Ju leassict » ) <l
. FastJé, o Llbeabion Rubec £x 7

* Cheap

* Easily cleaned

. . . .5 .
« Resistant to corrosion e5 (- olic Toes o.6 o2 ST

» Capable of filtering large volumes of product before cleaning or

replacing the filter. — co#) 4 gt 0t b snsid g filierd
b).\s\uma_\u_\\).qél.}h\v\:mk;\ub)—adsu}:u\ﬂ
ailif

What to consider when selecting filtration equipment's

. . . . b g alee) s I filtrationd! ¢ 58 s <l s
a) The type of filtration and type of fluid (gas or liquid) s'sgas G5k psit s> gas &S S& fliudJi ¢
Il 3 pasind (53 i IS
b) The chemical nature of the product (The product should not react, be adsorbed by or
. LY S filterd) 2l oSae Y filtration Jelles) g S edlll & 55 5 (ol (52
cause degradation of the filter) i s T i iy o o C st
stanless steel ) Wl il advantaged)

¢) The volume to be filtered and the required rate of filtration —s s seal i 4 volumd) < sl o

(%Y Sle filtraion rate <l filter 4 e o alie jeal s ¢ filtaion rate

d) The operating pressure needed. highd! 2« 0 555) e pressure pasi o 28 S filtarion Jast bl JaaTi o jea)
osSall & (volum $ohesh Ay Yo jenls

e) The operating temperature.

f) The amount of material to be removed — soteef) Dymp <X slom

g) Whether the filtration for sterilization or not ~ “5 Jussnics] (o css b 2
h) The degree of filtration required =" ¢t el il o oo <

1) The product viscosity

20



Filters can be organized into three classes,

Industrial filtration equipment

namely gravity, vacuum and pressure

P X o5 HKrrosl JEERVaV R
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Gravity filters

21

Vacuum filters Mol o=

. elall 4@l o saxdiin s sand filter J gravity filtraion J) 4bisl (e
 Gravity filters are common 1n water treatment,

where a sand filter may be used to clarify water

prior to/deionization or distillation.

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

unimportant.

QL)M‘L ae, T s%jA_x $lbrakion Rave D1 4

shutterstock com - 1851355480

Rapid Sand Filter

Treated Water

:/ Outlet

~~ Raw Water
Inlet

Untreated
Water

— Sand Filter

— Quartz Gravel

Treated Waggr

Industrial filtration equipment

Rotary vacuum filter

22
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The rotary vacuum filter is continuous in
operation and can be run for long periods
handling concentrated slurries. :

It consists of two-concentric-cylinders with an
annular_space between them divided into a
number of septa by radial partitions.

The outer cylinder is perforated and covered
with a filter cloth.

Each septum has a radial connection to a
complicated rotating valve.

100 (85 b 19950 B>l Wlsbust Lud Yol e pall o 2 i &)l bl JSu

(ol 8l Lol B0 5a19) subny U3 Gl «
ko Gl o1 By | undic E1,301 13 slagin €1 -
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Washing
zone
Water
»
A 4
/
I
[
Drainage [‘
zone !
Connections to

rotating valve

() il o5 o) Lguany o oyl 0 a3l srlsonll oo 1@blsd -
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Drying
zone

X \ X
\ A cake
i removal
y “\Q\, zone
RN

72 Scraper
B knife
Slurry
trough
Pick-up zone
22
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Industrial filtration equipment

Vacuum filters

Rotary vacuum filter

Operation:
* 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.

* When the deposited cake leaves the slurry bath, vacuum is maintained to draw air
through the cake, thus aiding drainage.

* This followed by washing then further drainage in the drying zone.

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

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

required.
24
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—~ Cylinder rotates in slurry
/ Filtration Phase > &———Vacuum draws fitrate into septa

~ Cake deposits on filter cloth

Air drawn through cake
Aiding drainage
~ Cake washing

Rotary Vacuum Filter Operation

Drying zone drainage

- Scraper blade removal

Compressed air forced into septa

\" Control Components > Rotary Valve > Directs services into septa
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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 20m?.. .« < -

Falmndds 2/ o

Lag Vedum J
» 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. filter(filter o Jxis £ (Sl (I Ll 4nks (L5 La
Sl gy alSia 3 a3V filter aid Led st bal (Sas Scloth)

S calaally Jaxs ¢ Kas filterd! (Ao ganti salall Lal i ja 4l
(35 filteraidd! e LuSa)agsd 48 5le Juiy Sleally

 If removal of the cake presents problems, a string discharge filter may be
employed.

25

COZL(( JC“;_:ES )i

Fig. 26.4 String discharge rotary drum filter.
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Washi
Filter cloth

Drying zone
Water sprays
s Drum
Scraper knife
e

Agitators
Slurry tank

{{Table 26.1 Rotary vacuum filter operation

lone Pasition Service Connected to
:r:k-up | Slurry trough Vacuum Filtrate receiver

|| Drainage Vacuum Filtrate receiver
Wash sprays Vacutm Wash water receiver

{0y |

(ake removal

Vacuum /;{: W
T MR e
\j\p ' Wash water receiver

Scraper knife Compressed air”

Filter cake conveyor

Insore 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
Lo 4l =y 1368 qutomatic Jle> 43 L
fgtary vacuum filter LS Jee 2l
Vgntages . . . Ao aii leall
It is automatic and continuous in operation, so that labor costs are very

low.
 The filter has a large capacity.

 Cake thickness can be controlled by variation of the speed of rotation.

GilS el e jull calS L JS8 speed of drumdl &Sadl 1 33 b e caked! thicknessdl aSadl sy
SV sS85 7 thicknessd) Usyl (S 1315 J8) cake thicknessd)

28
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Industrial filtration equipment

Rptary vacuum filter e o e )
Disadvantages ol e
* 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.
ray drainanged) €ha 5 agin (e B ey 7 o el (Dl crake b Jnay (See 585 ) caked) Lus
crakedi Jia Yy )L@A.“.: u,J‘ laial) o e G Jald) é;_u caked) ‘_;c Jaxn o L ;\)@J\} & gul

* The pressure difference is limited to 1 bar and hot filtrates may boil.
Ao B8 oa aa oy e a7 il el 4 ).\S\ 43ad ) 13 43Y rotray filterd! Jala(Ja Lzl Cixbar 1 (e ).S\ Lzl &) sk
Glc\ ol LSJJLA Sha lie s vacumd) s brall GJ:: )aLn o L_s“"’m 138 5 Hlan C'U“" Bt e (NEENY &)..A)‘Jb ¢fd‘ PREETIN bo]lng po]nt

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

)LJ‘U\@JJL‘J&:GQM\Jmujﬁjwu@slhdﬂddd&caked\ﬂ‘A_u;‘ﬂs.umuLASk;
Lada:_u‘u‘)ﬂ.q cake (ysSh sala 5;\9 }ha.\‘,;}au‘d&ud\ 4 o filter aid Jeatiug 43) ) Scraperd\

Addl) Ay 29
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Industrial filtration equipment

ROtary vacuum ﬁlter Ol b rotary filter JI
larg quantity sxie 43l (J¥)
Uses (%30-15 L j)S0lidd) (e o2 43S Leslurryd) (e o pSl) 4l i) aglill 5

 The rotary vacuum filter is most suitable for continuous
operation on large quantities of slurry, especially if the slurry
contains considerable amounts of solids (15 —30 %).

« Examples of pharmaceutical applications include the collection
of calcium carbonate, magnesium carbonate and starch.

30
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Industrial filtration equipment

adacl sn e 7 filtrationdl« filterationd) elleay y latid & L) e S filter medium B

Pressure filters ..c i i w ulsinie 55 mac hopper 8 s s 8 agd 38550 5 Leamny ali)via sdac)

Metafilter particeld filtrationd! 058 ) L €l ae s o ysall particeld) s g hopperd) s & il

filter medium el (Ses 3 galall AL clia lie jlaa i€

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

series of metal rings. {75t sz e

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. BT S R e B /

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 um.

channel ) sbem 7 Gam ae 58 i Ll sae Y J 538
¢ 55l e s hopperd! (e 0S5 o2 5

31
Industrial filtration equipment
CAQ:\AS)A OﬂJ}ALﬁ u,age&.u\cju |
Pressure filters Uars caaal s (e S8 geae O8I g (an 5
H 5 rooves formin
Metafilter 2 sl filtration Jeel £ 5 ; outle for iate

* 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.

Projections
giving required
spacing )
\‘\'»—4/’( ‘ Stacked filter
) | rings mounted
4?7/ ) on grooved rod

Rod shown broken
N to allow illustration

Plan of ring { i of structure

«! Formation of filter

Y /{1 bed on column
G~ .
R End cap

Fig. 26.5 Metafilter. Construction of the filter element
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Industrial filtration equipment

Metafilter

Advantages
 The running cost is low since there is no filter medium-»z-2 fre A st

8] d,s metal p2aie 43V BEC LS P DY

* High pressures can be used with no danger of bursting stanless stealJ)

e It can be made of materials, such as stainless steel, that provide
resistance to corrosion and avoidance of contamination.

* By selecting of a suitable grade of material to form a filter bed it is
possible to remove very fine particles.

:(Metafilter) SdUanodl Oljaos 0o 2w pasde cl]
ol i i dioi of Glgl o) Zlisw ¥ 48 dddsuo Gialss 1goladdl -

il phs 590 el sl Jooi (i udilind] Jio) dukis olgo (30 & giucs 10009 S5 33
iod] Ggls giagg dbousst] Slooll go Jeliiy ¥ ST pglie -
B Bl e Jsasll fax ddudull Oligjad] Al e ol :ddadl Jle -

Industrial filtration equipment

Cartridge filters

* They consist of a cylindrical cartridge,
containing highly pleated material (ex.

Polytetrafluoroethylene (PTFE) or nylon) or
string-wound material, fitted in a metal
supporting cylinder.

* 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.

:peasdill cllg «(Cartridge Filters) diigb Sul Oloubpe Jas i blall od Z i
"dyshio" (98I (PTFE of ushilll (o) s ko Lgksrloy dsilshun] dibgh s (0 09Si :0UgSal! «
Ldaclo dane Elghuwi J31o degbgog gl d>luo 3oL (Pleated)

g 3 b Glghuadll Blibi o> (o btud G diutuas olrall Jilud| ud) fostl diapb -

A Bganall il L] (byswadl) Blpb3l (o 5ilédl 3ole yue j90dl e JSludl juxd 1oyl jlumo «
L@lghuil y331 bl (o (Filtrate) AU Jiludl 2,50 05 1jSpall




Industrial filtration equipment

Pressure filters ‘%’

1 N o wacrmen
ol 0 ] O X e

Plate and frame filter press .‘m

(A
* Material to be filtered enters the apparatu a
under pressure through a pipe at the botton
and is forced into one of the many chambers
A filter cloth 1s 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.

o B 058 filter medium & isll e (8 05S05 chambers gdie 055

G Glaa gl Ja fliud J8 Ao Jaraay agin( S fliud pein J3ns ¢ 3(las sl chambersd)
4dlae Jualy s0lid particeld) s baaall

filter medium &2 chamber JS

35
Plate and frame filter press . ’
LLLLLLLY S
Slide
Fixed v Frame Head { |
Head\ Media Plate
Filtrate \
qHf

Ii',

' Fixed
Head Plate

Plate 36
Sl gl S e 7 slurryd)

36



Industrial filtration equipment

Plate and frame filter press
Advantages el lead a2 I 3 sl L 3 sl 50
1. Construction is very simple and awide variety of materials can be useg.
e 2. Tt provides a large filtering area in a relatively small floor area.

oo o e Y SRl Gl

gt 301t is versatile, the capacity being variable according to the thickness of the

ginadl dena Jleall G

BERS frames and the number used. <)filter mediumd! 2! 3 G2 = ¢ thicknessd! ) 8 Y g 55 4
: ) frame padiul () Gk oo filtration rated) 20 3% s (fram

4. Maintenance is easy and the filter cloths are r@ng_yvable.
. 2yov NV I
Disadvantages

a. Itis abatch filter Jeiisadend (85 Jumi Gl glial 75 43Y o) costs Jshl <5 x5 continous e addeall Jin
oAl s caked)

b. The press is relatively expensive and labor costs are high
c. The filter is used for slurries containing less than 5 % solids.

%35 (e e slurrydb solidd) 4sS <alS gl Leaadin) il

37

37

Industrial filtration equipment

Cus filter Jesd 7 I (A i e ool g adilxia fiber Leie Jead ¢ LUl aoiialy Leadiing o ge cusy
o0 o ASE Q) gl i 7 s pgale Gl ) soliddls g3 agie J3% 7 ligiudd)

Cross flow microfiltration

+ It is possible to form membrane filters within hollow fibers The membrane may
consist of polysulphone, acrylonitrile or polyamide is laid down within a fiber
which forms a rigid outer porous support.

* A large number of fibers can be contained in a surrounding shell to form a cartridge
which have a high effective area for filtration.

* The liquid to be treated is pumped through the cartridge in a circulatory system so
that it passes through many times.

* The filtrate (permeate) flows radially through the membrane and porous support.

Uses:
. . . . e lgaan LA 5 50 Lgaaa LIS (gaie Dl
» For fractionation of biological products. welanil o315 Sl 02 5250 cells (s

» The process has been suggested for recovery of antibiotics from fermentation media

pvw— = -
(The Challenges) &ls=J! .3 ' o 51 38
Sl (b dygumd] Elolarall delio (3 dukasdl 0dm axlgs Alsius pSi - ' a

:(Fouling)

odm @S], (Olisig e Lailgizlg "aill" juasull blugl dsab Lo

38

&0 i)l depun (30 My Lo splunad] iy 2lini)] g e Olgal]
Cross-flow) LRbLEUI Gyl sl plasiuw! @i b WL eld gl
Wl s Julid (filtration
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gEssaEEsn

729 = & :{ Fibre lumen

Cross-flow ©

AR

Porous backing

Permeate

Fig. 26.6 Cross-flow microfiltration through an individual fibre.

Pore size (micron)

00001 0.0001 0.001 0.01 0.1 1.0

I Microfiltration |
I

[ Ultrafiltration |

P

I l

o

Fig. 1 Typical pore sizes for membranes used in reverse
osmosis, nanofiltration, ultrafiltration, and microfiltration.

I Reverse Osmosis |

DJ)J A\

)J

Ultrafiltration ‘

Water Monovalent Multivalent Viruses Bacteria Suspended

Microfiltration i ‘ lons { 1ons * \ i Yol;c'!s
Water  Monovalent Itivalent  vViruses Bacteria Suspended

lons lons solids
Wa:r Monovalent Multivalent Viruses Bacteria Suspended

* lons lons solids

Nanofiltration * \ - \ . \ i
Monovalent Multivalent Viruses Bacteria Suspended

Reverse Osmosis ’\

g it W . W
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oSe)sedemintaiond Leeadivl (Saa sl filtraiond) 4slexs U sac b gravity ge 4eddiol (Sae

(gravvityd)
B SIS A,
° ° ccnﬂtrimg'atiﬂx_m J‘f:nltraiond‘ VAR )]
Centrifugation e J

» Centrifugal force can be used either to provide the driving force for filtration or to
replace the gravitational force in sedimentation.

Slo iz, calleuins @l (a€  Sai - centrifugal force du
45558 gl oo Sl (aks aual)

e iy & il ) oo (S centrifugal effectd) L
centrfugationd!

« If a particle (mass = m, Kg) spins in a centrifuge (radius r, m) at a velocity (v ms") then
the centrifugal force (F, N) acting on the particle is equal to m v2/r.

Principles of centrifugation

» The same particle is affected by gravitational force (G, N) = mg (g = gravitational
constant).
* The centrifugal effect (C) is the ratio of these two force (C = F/G).
« If velocity is taken to be dn (n: rotation speed s-!, d: diameter of rotation, m), then:
i centrifugal effect Jk all s 51 _ P
&Y centrifugal speed Jb O3 20 ‘555311 C=201ldn
« In order to increase the centfifugal effect it is more efficient to increase the centrifuge

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

Industrial centrifuges

There are two main types of industrial
centrifuges used to achieve separation:

* Centrifuges using perforated baskets, =% =
which perform a filtration-type operation
(work like spin drier)

 Centrifuges with solid walled vessel,
where particles sediment towards the wall
under the influence of centrifugal force.

42
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Industrial centrifuges

sl vacumd! s (is centrifugationd! s ciltraion Jex

Perforated-basket centrifuges (centrifuge filters) wila sipressure

This centrifuge con31sts of a stainless steeLPerforated basket lined with a filter
JiLults filter cloth Vs> (e L basket & 0s%

cloth. sohdJ‘ L filter clothd) 3 (e Jas 7 las 4l A you
s % = ke particel

The basket rotate at speed which is typically less than 25 S-~ /zi 3“’

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.
B.
C.

D.

It is compact and efficient Juad g ol
A L o 5Ss slurryd) 4t Jasty
It can handle concentrated slurries which might block other filters. e solid

It gives products with a very low moisture content (typically around 2%) which

saves energy during drying. — oSl o adle S 4shll b s Ao 0 ala s solid particeldl des sy
alle Hi<s jealy 3ga b 7 L drying deel () 518 9%2 Jasi
Continuous centrifuges are available for large-scale work, which have means for

automatic discharge of the cake from a basket. .

L u-w)contmous OsSE AR ada A leall 138
Jleall a3Y (55 S cake JI il 4 laal

dally ) 4ud
Interlocking
switch Cover
Filter d
cloth B o § - Perforated
I . basket
) F—: ]
0 | , 0
) o
L]
ol g iquid
| | |
[ ﬂ FE ] § outlet

Fig. 26.7 Centrifugal dewatering filter.
44
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Industrial centrifuges =-w-«-seumee.cos

Loty il g (o el s 4 (e Ja g Jilidl
ol e 483k damis 50ild particeld!

Tubular bowel centrifuges (centrifugal sedimenters) continous ¢S 4leall 5

These consist of a cylindrical bowl, typically around 100 mm in diameter and 1 m

JiB 5 diameter J)

i - -1 alle Ao s il pid
long, which rotates at 300 - 1000 s.. 1 (e ok st

i ; Gya 05w immesibl
The product enters at the bottom and the centrifugal force causes solids to be AN oy

deposited on the wall as it passes up the bowl, the liquid over flowing from thgjopéh s j'j?ﬂ
> O Do Al s
This type of centrifuges can be adapted to separate immiscible liquids. (sleh 42 4l

The inlet rate should be controlled in order to allow sufﬁcdient time gor s%dimentati%r& o
solid particeld! ae) glie (JBaY) Jaex) inlet ratedu oSail s
to occur before the product leaves the bowl. £ ke e S 543 centrifugaion forced uia i oS 24

z o bl 38 aa 5 A3Y de juy allahy ol 5 centrfugaiond! o= s

Advantages el la s centrfugaic .
centrifugaiond) 3 s e i (e el oS

Compact efficient and rapid

Solids can be classified by control of the speed of rotation and the flow rate.
. . . . < s0id particeldifiltraion dee! (Sea
Suitable for difficult solids that would block the filter medium. el ¢ JsVl dshy culS 513 2ol aaall
QA_LE ) Ayl a3 138 5 Sl particelJ\

5 sl
45
Industrial centrifuges
T\
TR Liquid outlet
Tubular bowel centrifuges (centrifugal sedimenters) ‘J i‘_,h |
Uses: [11 ![ '
e e . l 1
1. Liquid/liquid separation \ |
NN N oL
2. The removal of very small particles — - Cu/") L ; ; 1‘ j;‘)‘gs’:(‘jée;’s'wa”
3. The removal of solids that are compressible or those which Ef H
easily block the filter medium. E‘ |
4. The separation of different particle size fractions !' ;
$ fspeedd) s & 7 emultiond) Ja <asdy {Lay ¥
5. Examining the stability of emulsionsfi e iy o quéJ;q;js;abel vi«t @a:j «f; B &’f;;?ll
o )iae stabiltyd) 43 = |
6. The separation of blood plasma from the whole blood e ﬁw
7. The removal of dirt and water from oils ~inlet

Fig. 26.8 Tubular-bowl centrifuge
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Filter media

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

* The filter medium must
1. be strong
2. have low resistance to flow
3. be unaffected by the substances in the slurry E/\[ zLj
4. Retain solids without plugging
 Filter media are available in different materials and forms:
* Woven materials

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

47

Filter media

1

Nonwoven filter media S
— Felts, bonded fabrics and Kraft papers
* Membrane filter media
— 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.

48
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Filter Aids

Usually, the resistance to flow due to the filter medium is very low, but
will increase as a layer of solids (cake) is build up.

The object of filter aid is to prevent the medium from becoming blocked
and to form an open porous 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.

— Body-mix: Adding a small proportion of the filter aid (0.1 —0.5 %) to
the slurry.

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

49

Filter Aids

Important characteristics of filter aid:
a. It should be a structure that permits formation of pervious cake
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 inert
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
and aqueous fluids, with the production of alkalinity in the filtrate.

Bentonite, diatomaceous earth, perlite, asbestos. cellulose, silica gel.
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