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Centrifugation

Theor? of Centrifugali:?n
Classification of Centrifuges

Equipment

E

- - ion employ ing the constitu-
Centrifugation is a unit operation ¢ .plqyed for 'scpaﬁa';mgct
nts'pre‘;ent in a dispersion with the aid of centrifugal forc y
e l - :

Ccntf‘ifugdl force is used to'prm:ide the d::wmg ff)rcr: ?;;2:(3;2?;1”
tion. It replaces gravitation forces in the scdlmpntatson. e s
O, £ ly useful when separation by ordinary filtration R
: p__al"t_ICUhf}/ arating highly viscous mixtures and .cc.:rllmdal d:s.pt'erl
fc?r examp!e-n Se'pe less than 5 mm), in which difference in the densmcs
is leg (pamcll\e :'Zcentrifugation provides a convenient method of separat-
. les:st‘he::tifc?i:;]miscible liquids or a solid from a liquid. The eqmpmem

% L‘“'Sge; lf‘or the separation are Known as cemr.fﬁ:‘ges.

| ifugation -
Process of Centrifuga L T R A
The centrifuge consists of essentially a container in which a m
b

"of solid and liquid or two liquids is placed and rotated at high speeds.

g

_ : ' tior of
“”; The mixture is separated into its constituent Parl-s b¥ ht'hf}: eicsleciﬁc
~‘;{F3%éentrifuéal forcé on their densities. A solid or liquid of hig p

it 1s retained at
R Ll . ' ' ter force. Therefore, it is re
N W orai thrown outward with grea
Q o tg;avggttlzm of the container leaving a clear supernatant layer oflpurc
O ha , .
R :qumd.

. ' of the
8/  The speed of a centrifuge is commonly expressed in terms of

¥

() 4/ gdmber of revolutions per minute of the rotor.b
4 N Applications ‘ | | -
Zﬁa 2 Qp duction of bulk drugs : Centrifugation technique 1s 1

ro -

. , ir the mother liquor. Free
{ c'j' ~ geparate crystalline drugs such as aspirin fr?m o
b (flowing product results due to the removal of traces ¢

vavoidance of effervescence.

\ - 276 l -
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f mother liquor and ;
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Production of biological products : Most of the proteinaccous drugs
and macromolecules are present as colloidal dispersion in water. By
normal methods, it is difficult to produce them in large scale. Centrifu-
gal methods are used for the scparation of these constituents from water.
Insulin can be obtained in pure form by seilectiv“ely précipitating other
[ractions of proteins and subsequently separating them by ultracentrifu-

. gation.  Centrifugation is employed for separating the blood cells from

blood.

Biopharmaceutical analysis of drugs : Drugs present in the blood,
ri_siuiﬂuids and urine are normally present in the _Form" of colloidal
dispersions. Centrifugation is used for scparating the drugs. This
method is essential for the evaluation of pharmacokinetic parameters and
biocquivalence studies. i L

L]

Evaluation of suspensions and emulsjons - Ccmrif‘ugatign mettod

s used as a rapid cmpirical test paramceter- for the evaluation of suspen-
stons and emulsions. Normally, crcaming is slow psbeess in emulsions, -

Lhis process can be hastened by inducing stress condition (using a
centrifuge). A stable emulsion should not show any signs o’ separation
even clter centrifuging at 2000-3000 revolutions per.minute at room
temperature, | ;

| Y e . 3T s e '
Determination of molecular weight of colloids : Determination of
molccular weight of a polymer is not possible by ysu hod.  Ultra-

centrifugation methods are used for determination” of molecular weight

ot serum albumin. insulin, methyleellulose. Centrifugation (ultra-cen-

itugation) is also used for ascertaining the degree of homogeneity of
the sample. For example, insulin is a monodisperse protein composed of

“two polypeptide chains. whereas gelatin is found to be polydisperse

protein with fractions of molecular weight 10,000 to 1.00.000. '

This chapter deals with the principles of centrifugation, cquipment
used and examples of the wse of the methods in pharmacy practice on

commercial scale. - . bl

~ THEORY OF CENTRIFUGATION iy
[n a colloidal dispersion, the dispersed phase may. be either a solid or
a hiquid. Particles having a-size above > pm scdiment at the bottom dye
0 gravitation force. In such cases, scparation of solids is possible by
simple filtration. * If particles are of the order of 5 pum ‘ar less. they

undergo Brownian motion. Hence, they do not sediment under gravity.
Thercefore, A _stronger force, centrifugal force is applied in order to
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But v = 2mn, where n = speed of rotation (revolutions per second of
centrifuge). Substituting this in equation (3) yiclds

(272?7{)3 «Iﬂzr'zrf d7°r n?

=— @
Lr L Y ]

Since 2r = d, where d = diaineter oflhc rotation. Substitutmg the value
in cquation (4) gives:

separatc them. The sedimentation also depends on the densities of the
dispersed phase and dispersion medium. If the difference in the densi-
tics of these phaSt.s is less, again separation is difficult. By applying
centrifugal force, it is p0551ble to facilitate (increase the rate of sedimen-
tation) the separation process. |

Centrifugal Effect or Relative Centrifugal Force (RCF)

The centrifugal operation is described by equations including the

gravitational constant. The derivaticn is as follows. e _ . .
o O S— . (5)

The ;orawtat:onal constant has a value 0f9 807 m/s2. so that cquation
(3) can be simplified as: . fols /

Consider a body of mass m kg rotating in a circular path of radius r
meires at a velocity of v metres per minute (Figure 10- 1). The force
acting on the body in a radial direction is given by:

@ Centrifugal effect = 2 013 rr*d (6)
AV £
"Q_ / In equation (6), »n 1s expressed in s~ and' d 1s In metres.

Whether the measurement of d is made from the free surface of °

Liquid or from the tip of the tube to the centre of a ccntnfugc should be
mentioned while reporting the centrifugal effect. '

['rom cquaticns (5) and (6), it can be mferrcd that |

© Figure 10-1. Principle of centritugation.

_ el " Centrifugal effect « diameter.

Force acting in radial direction, F = -~—- (1) - Centrifugal effect x (speed of rotation)-. ,
)
g::) Equation (5) helps in the qcleclton of the type of centrifuge and other

where F = centrifugal force, N . & experimental conditions.

o

- If 1t 1s required to increasc the centrifugal effect, it is of" greater
advantage to use a centrifuge of thé’same size at a higher speed
rather than using a larger centrifuge at the same speed of rotation.

- It is always bctter to use the smallest size of centrifuge that has
- the appropriate capacity, since the centsifuge (equipment) is
subjected to considerable stress in operation, largely due to the
pressure of the fluid on the walls. Tt can be shown that the
pressure 1s dll‘LCIl} proportional to the squarc of the speed and

e
the diameter.  Thisprinciple is useful for thc st'lratlon of' two

hqux-is as in cmulsions.

The same body is experiencing gravitational force (newton). It can
"be expressed as: “
Gravitation force. G = mg w(2)

whefe g = 'lccelcratton due to gravity, m/s~

e ey . u -

The wnmﬁzqa! e:/ﬁect is expressed as a ratio of (.cntrltuml force 1o
oravitational force. In other words. centrifugal cffect-is a lort.c which |f~'.
a number of times greater than the grawtauon force

Semratmg ;power of a eentrifuge is cxprca%d_m a_ratio of the
centrifugal force to the grawtatmn accelurallon This rauo may have a

‘value as high as 101 |

i

- The ccmnfugu 1s designed to suit the required-purpose. It:a.
large amount of material is to be proccsch and a low centrifugal .
effect is. suff'cu:nt to scparate, then it is LCO[}OmICHI J0.sE 2.

“ large Lcntrmwe opcrating at a low speed.

The ccntnfugal effect can be expressed as:

force acting in radial dtrecllon I

& Centrifugal effect, C = ————-——- iy = o
| iy ff Brwnatloml forcc [y

3
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The centrifugal sedimentation of very small particles requires

high centrifugal effect.  For this purposce, equipment of a small
‘diameter is uscd. but opcmtt.d at very high speed. For example,

tubular bowl Cenlmu“e funct:ons on this principle.

The CC‘HII‘I!UL,C 1S comparnblt. to a pressure vessel, T hcuforc 1t must
. be hnndlcd with the same care as llmt of a high-pressure autoclave.

CLASSIFICATION OF CENTRIFUGES

Cenirifuges are classified based on their mechanisms of separation.

ntation (cntrlfugc ' | ' -

_/}Uc('mwnmmw centr

ifuge 1s a centrifuee that produces ';a,dlmt.n_q__luu
of.’so ' on

the difference in llu, dLI‘lSltlf;‘b of two or more phases

B it

of the miNture

~lhe elherigney depends on the velocity of rotation to which the
mixture s subyected.  Examples are horizontol continuous Ca,nlmun:.
supercentrifuge 'md conical disc centrifuge.

—

s
wole 2t

U/fmu.'un:/:rucmm: Whn.n extreniely hine solid _matter is to be

._ scp’ﬂ%h_d from a ll(]llld for example in wllm'“ﬁi uw..mh ultr,.uj FFTer

IS used \ln this mstrumcm, a relatively small rotor is operated at speeds
exceeding 1.00.000 revolutions

m .....................

million times u..wm

» per minute and with forces up to one

Centrifuges have replaced the gravity separators to a considerable

extent in production upuations bt.i.dll‘st. of their effectiveness in separa-

tion.

:

i ‘Uses : (1) Suspensions containing low concentration of solids can be
s St.pamtﬂqmck!y - '

. (2) Lanolin is recovered from the wool by scouring procesq

(3) Olne and fish liver oils are purified by ric.mowrvur'r dirt and water.

_,.,_..—-n-lml..—_."'.._*_

R

hhhhhh

- (4). The liquid/liquid phases are separated in theMMn { druu.
“for example, manufacture of antibiotics.

gt

" (5) Bacterial enzymes are preparcd by rt.mm'lm, bacteria.,

-"Hr“ularu—-l-—'—__ e ==

(6) Blood plasma is sepﬂratecf trom ‘WhOIL b'"lh"c)od

(7) %tarch 1s collected after washing and pur:tlcatior qtaﬂc
LOLICCICd aller waolling and puriticatio g

(8) In the manufacture of insulin, liquor is clarified so ax to remove
| lhl.. prccnplhted proteins.

&
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space.

(2) The sw%r&“nn efficiency is very high. so that- the pamcles are
- dcposntud very rapidly. It is sultable if'the sediment is a fluid
deposit or sludge. ;

(3) Two immiscible liquids drer casily separated.on a continuous
process.  ~ ' | |

(4) By controll:m the. speed - of rot'ltmn and rate of ﬂow cmrse_

i_'"*

pmmles arce separated, while finer paruc"lés remairr in the sus-

.........

pensmn. | "

W

Disadvantages : (1) The coml:uumn of qedlmmtauon Lnntmu“es 1S
' COM IIC"I'[L':d . |

(2) Its capacity is limited.

B

Filtration Centllfunc

A)/hhmtrrm COntr .'fuq;* is a centrifuge in w lm_h HOIIde)dSS throunh llu.-
porous medium based on the dl“C[‘tﬂCC in the densities oftlu, solid and
liquid phases:

o q

Bl S

In this type the container contains porous’ ‘wall thrmwh whlch the
liquid phase may pass and on which the solid phase is retained. Exam-
nles are perforated basket ceéntrifuge and semi-continuous centrifuge.
The solids that form a porous cake can be separated in the hltration
centrifuge.  Normally perforated wall is covered with a filter medium '
such as canvas or metal cloth. ' et gt

Uses : (1) \When sohd recovery is the prlmdrv goal, cemufugdtxon
must be considered as an alternative to simple ﬁltratlon ‘

| A

(2) lt.as also used for removing unwanled solids from a llqmd For
cmmplc precupn..lted proteins are removed from insulin. .

Advantages : (1) It can handle SIUII‘IES wnth aQ lnf:,h pr()portlon of
solids and cven lhos,c having paste. hke consntmcy ' ;

(2) The final produut has very low moisture content. - 'L"
_,_‘_'“_f_“—m-_—,,_.M ,

(.J) In this method, tlu. dlssrz}lved solids are :,t:p'rmtc,d from tlu, C'lkc

[-q-r-l—l-I-ﬂ—ll-l-—__

e U‘
- e ST L

el

Disadvantages .: (1) The entire Cy-....le s complicated rewltmg
considerable labour coSts. = T

(‘)) [t is a batch _process -or seimi- Lontmuoust,

(3) The selids may Torm a hard c'xl\e due to the centnfpgal force.
~which 1s difficukt to remove.

o i)

. b
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Classification Based on Scale of Usage o

Laboratory : Horizontal spinning arm type
scale _ Angle centrifuge (45 to 50 angle)

8 High speed centrifuge (10,000 revolutions per mmuu.)
| Ultracentrifuge (83.000 revolutions per minute)

Commercial scale
Batch type ~t Perforated basket centrifuge
- Semi-continuous scale : Short- cycle batch centrifuge’
- Continuous cen:r.{f?ge . Supercentrifuge {

EQUIPMERT

Centrifuges of ditterent types are available to meet the specific
requirements of the slurry and the end product. In addition. experimen-
tal conditions are established by considering the factors affecting “the
process. Some of them are:

aturc_of slurry « Denstties of the materials to be separ .:m.d
o How of feed or 5lurr\ * Bottle (LeIIIFIfU”C) $1Z0

. (,cmrlfuun. dnm.n:lonq  Centrifugation time

Some phanmccuucdll) important centrifuges are dlscussed below.

PERFORATED BASKET CENTRIFUGE

In this centrifuge. a basket is mounted above a driving shaft. Such
an arrangement is described as under-driven. Conversely, if the basket
is suspended from a shaft, it is described as over-driven. These are used
for batch processes. An under-driven bowl centrifuge is described below.

Principle : Perforated basket (bowl) centrifuge is a filtration centri-
fuge. The separation is through a perforated wall based on the difference

in the densitics of solid and liquid phases. The bowl contains a,

perforated side-wall.  During centrifugation, the liquid phaac passes

7Y through the perforated wall, while solid phase is retained in the bowl.

The solid is removed after cutting the sediment b» a blade after stopping
the centrifuge. i gril

Construction : The construction of a under-driven pcrforalc'd basket
centrifuge is,shown in Figure 10-2. It consists of a basket. made of steel
(sometimes covered with vulcanite or lead) or copper or monel or any
other suitable metal. The basket material of construction should be such

- that it offers the greatest resistance to corrosion. The basket may have a

diameter of 0.90 metres and a capacity of 0.085 mctre cube. The

- -
- '_. _.-_....\_-__-..-.%;-_-;_.-. e : ¥ . _. _-_._..r = : =
T e il e Tl T e T - =
- LT Wl e - 7 - o S T N
- . -

-
= i
= = L.

e e
sl - .
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diameter of the perfdrations should be selected based on the size of

crystals to be separated. In case, the size of perfomtlons 1s bigger than
that of thc particles, a filter cloth is employed. '

" -Interlocldng switch G Cover
Taoraomem e mew -In-—_-——-
Ciltor E 1 Perforated_ |
cloth - - basket
‘ i 2
: £
Mounting : .
i o hnht‘---‘S
shaft
«— Liquid <5
&, outlet
&

Figure 10-2. Construction of -pcrl'oratcd basket centrifuge. -

 The pasket 1s suspended on vertical shaft and is driven by a motor
using suitable power systems guch as belt pullevs, water turbines and
clectric 'motors... The basket may require about 5 kilowatt power for

starting and 2 kilowatt power for running. Sometimes. steel hoops are
used externally to strengthen the basket. Surrounding the basket,

casing (stationary) is provided 'whlc:h (.ollects the filtrate and dlSChaI’“(f
it at the outlct

Workmﬂ : The ‘material is Kept in the basku ‘when the basket is
statlonary The amount of material should be optlmum otherwise,
during centrlfunatlon it puts a great strain on the basket. The loading of
material must be done to give even dlstrlbutton Power is applied to
rotate: the basket and maximum speed must be at'nmed quickly. The
basket runs at 1000 _revolutions per minute. The power required for

running is small compared 10 the poswer n.qmred for st*rlm :.md .bring-_
ing it to the full speed. |

w §

Durmn cemrnfus..atmn the liquid p.a.sscs through the pcrforated wall,
while the solid phase retains in the basket. The hqund leaves the basket

and 1s collected at the outlet. The cake is then spun to dry as much as
possnblc ‘Sometimes higher spzeds are used so that the cake wll be
completely dried. After a definite period of time, the power is turned

off. By applying a brake the centrifuge is stopped. The basket is

brought to rest. “ The solid cake is cut using a bhde and then unloaded

manually. 0
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~Uses : (l) Perforated basket centrlfuge 1S e\(tcnswcly uscd for scpa-

- rating crystalline drugs (such as aspirin) from the mother liquor. |
Free flowing product can be obtained because mother liquor is

removed completely.

(2) It s also uscd for rcn*novingunu?antéd solids from a liquid. For

» . example, precipitated proteins are removed from insulin.
(3) Sugar crystals are separated using perforated basket centrifuge.

Advantages : (1) The centrifuge is very compact and 1t occupics very

little floor space.

(2) [t can handle slurries with a high proportion of solids and even

those having paste like consistency:.

(5). The final product has very low moisture content.

(i

(4) In this method. the dissolved solids are separated from tht., cake,

(5) The process is rapid. |

Disadvantages
“considerable labour costs.

(2) It s a batch process.

(3) If the machine is adapted for prolonged operation. there 1

- considerable wear and tear of the equipment.  On prolonged

operation, the solids may form hard cake. due to the centrifugal
lorce, which is dilticult to remove simultancously.

Variants : For the separation ot fine crystals, the perforations ol

> millimetres in diameter arc sufficient. But for 1.m,ly ground materials,
the bashet is lined with fine meshed gauze or with a cloth supported -on a
coarser gauge. When a mixture of liquids is to be separated, the denser
liquid 1s collected near the walls and the lighter liquid forms an inne-

layer.  Overflow weirs are arranged so that the two constituents are
“continuously removed.

NON-PERFORATED BASKET CENTRIFUGE
Principle : This is a sedimentation centrifuge. The separation is
based on the difference in the densities of solid and liquid phases

without a porous barrier. The bowl contains a non- perforated side-wall.
During centritugation, solid phase is retained on the sides of the basket.

while the liquid remains at the top, which is removed by a skimming

tube.

Construction : The construction of a under-driven non-perforated
basket centrifuge is shown in Figure 10-3. It consists of a basket. which

PHARMACEUTICAL ENGINEERING

(l) The entire cycle is complicated resulting in
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u"". .l

may be madc of steel or any other” sumble mcldl The basket is

~suspended on vertical shaﬁ and is driven by a motor using a suitable

power system.

Wnrl\mg N § he suapenmon 1S fed commuously into the b'lsket During
centrifugation, solid phase is retained on the sides of the basket, while
liquid remains on the top. The liquid is removed over a weir or through
a skimming tube (Figure 10-3). ‘When a suitable depth of solids has
been deposited on the walls of the basket, the operation is stopped. The
solids are then scraped off by hand or.using a scraper blade.

Uses : Non-perforated basket ccntrii‘hgq is useful when the deposited
solids offer high resistance to the flow of liquid. |

- é?Feed
I 1
Skiming . -
tube
Liguid
: l: <«—— Shaft
Motor =~ ¥
Figu re 10-3. Cnnstruction of non-perforated basket centrifugc.' e

¢

SEMI-CONTINUOUS CENTR[FUGE OR SHOR?’ CYCLE
AUT()MATIC BATCH CENTRIFUGE

Prmuplc : Qcml-commuous centr:que is a filtration centnfuge “The
separation is through a perforated wall based on the difference in the
densities of solid and liquid phases.  The bowl contains a perforated

side-wall.  Durmng centrifugation, the liquid- phase passes through the

perforated wall, while solid phasc retains in the bowl. The solid is
washed and removed by cutting the chlment usmg a blf,;‘ldt. ]t 1s a short

~cycle automatic batch centrlfuge B : \

(‘onctructmn 3 I‘he construction of 2 semi- contmuous centrifuge is

~shown in Figure 10-4. It consists of a vertical perforated basket, which

is supported from a horizontal shaft. driven by a motor. From the open
) r .
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. « /
side of thc'baskct, provisions are made at the centre to introduce feed
and wash pipe through horizontal tubes. A feeler (not'shown) rid(: “
the feed, which is connected to diaphragm valve through air supp S ?Iw
f‘eclcr controls the thickness of the foed. Hydraulic c;/li A,
1s‘madc in sucha manner that the dischafge chute enter
of basket, when discharge of crystals is desirable.

nder attachment
s from’ the sideg

Fter
. medium
‘ / Knife
Dnve .
Slurry (feed)
—\——1] 4 Wash pipe
Basket X |

4 t .""" ‘.’_.‘
: 1"" “-‘ ‘. .-"* -

i
L% | iF

is-allowed to ‘rotate and slurry s
During centrifugation, the slurry pa;scs
¢ solids are retained in the bas“et. while-ﬁ
IS collected at outlet. Further, the cake
ash escapes from the basket thro_Ugh"the

< introduced from the side pipe.
through the perforated wall. Th
filtrate leaves the basket, Wh‘ich
1s washed with water. The w
| filtrate outlet. -

After achieving the desire'g thickness (50 to 70 mi-llimctres) lhé fecler
cuts off the air supply to a diaphragm valve that 'automaticall;/ shuts off
. the___entry of slurry. The ‘hydraulic cylinder is actuated, which lifts the

Knife along with the discharge chute. The knife does 1’10t cut the cake
completely down to the screen, but Jeaves a layer of crystals that acts as
a filter medium for” further separation in the next cycle. The residual
- crystais may be givcn a brief wash before starting the ncXt cycle.
Through a timer and ajr supply mechanisms, di
trols all steps. Therefore, the entire cycle

dlsphargcd crystals may contain 2 to 4% of mo;j

gt
aphragm valve cons

s semiautomatic. The
sture. '

AR

IR JFEH P |
L e

| -!!"! _}!I-:!: .

while the liquid phase is continuously drained.
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" Advantages : Short-cycle automatic batch centrifuge is used when
solids can be drained fast from tha-bowl. 2

Disadvantage : During discharge, considerable brcakage of crystals
Is possible. Many moving parts arc involved making the construction
and functioning complicated. | | |

9

CONTINUOUS HORIZONTAL CENTRIFUGE v~

Principle : This is a sedimentation centrifuge. The separation is
based on the difference in the densities of solid and liquid phases
without a porous barrter. When slurry is introduced through the shaft of

the screw element into conical bowl, sedimentation of solids takes place
due to centrifugal action. The solids are lifted up by the screw element,

Construction : The construction of a horizontal continuous centri-
luge i1s shown in Figure 10-5. It consjsts of a cylindrical or conical bowl
mounted horizontally and capable of rotating at 50 to 65 revolutions per
seccond. The bowl has a diameter of about 0.5 metres. Within the bowl,
A SCrCW CONVEyor 1s placed which rotates' in the same direction as the
bowl, but at a slightly slower speed. ' b '

Screw conveyor

. l i Solids outlet
Liquid outlet o'

Figure 10-5. Construction of the horizontal continuous centrifuge.

Working : The bowl and the screw conveyor are allowed to rotate
using suitable power supply. The slurry is introduced through the shaft
as shown in Figure 10-5. The liquid moves into the wider portion of the,
bowl. Sedimentation of solids takes place due té centrifugal action. The
solids are lifted by the screw element, while the liquid phase is continu-
ously drained. The solid “material is carried towards outlet by the

conveyor and is discharged continuously: The solids are conveyed to a
b . ¢ J.,. :

dry ‘beach’ where they get dried. |

_ r - | /
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/
Uses : Horizontal continuous centrifuge is uscd when a high propor-
tion of solids is present in the slurry. 1 |

Advantages : (1) Continuous centrifuge is very flexible in opcration.

(2) It is capable of handling solids as large as 10 to 15 millimetres
or as small as a few microns.

(3) It can be used for slumcs with concentrations ran;,uu.. from 0.5
to 50%. |

Variants : The conical form as shown in Figure 10-5 1s in common
use. but some materials are difficult to convey when dry. tor example, 11'
the material is soft and compressible.  In such cases, a ¢ylindrical bowl
is used with a short conical section near the outlet. As a result, the solid

is submerged in the liquid for most of the time and s Sﬁ'])drdttd only
u.hcn it is near the discharge point.

SUPERCENTRIFUGE

Supercentrifuge 1s a cemmuous centrifuge used for scparating two
immiscible liquid phases.

~Principle : Supercentrifuge is a sedimentation centrifuge. The sepa-
ration is based on the difference in the densities between two immiscible
liquids. Centritfugation is done in the bowl of small centrifuge. During
centrifugation. the heavier liquid s thrown zlga_inst the wall, while the
liﬂhlLr"liquid remains as an mner l'l*"er The two layers are simultanc-
ously separatcd using modified weirs. :

Construction : The construction of a supercentrifuge s shmm In
Figure 10-6. 1t consists of a long hollow cylindrical bowl of small
diameter. It is suspended from a flexible spindle at the top and cuided at
the bottom by loose-fit bushing. It can be.rotated on its longitudinal
axis: Provision is made at the bottom for the feed inlet using pressure
system. Two liquid outlets are provided at different heights ot the top of
the bowl. for simultaneous recovery of the separated liquids using

‘modified weips.

Working : T he centrifuge 1s allowed to rotate on ifs lumonud:ml AX1S

at a high frequency usually about 2000 revolutions per minute with the |

help of drive-assembly. The feed is introduced from the bottom of the
centrifuge using a pressure system. During centrifugation, two liquid

phases separate based on the difterence in their densities. The heavier
liquid is thrown against the wall, while the lighter liquid forms an inner

layer. Both liquids rise to the top of the vertical bowl.
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The liquid-liquid interface (the so-called neutral zone) is maintained.
by an hydraulic balance. These two layers are simultaneously separately
removed from different heights through modified weirs (as shown in

Figure 10-6). Thus the supercentrifuge can work for contmuous separa-
tion of immiscible liquid phases ' - -

Motor '
j
I

§ 5"/ ;;.
Fieavy ._ j Eé ;o i
phase : : ’ Air space
.. 7] Y |
78 ? Rotating
2* 8 4 bowl
e g ' g/
7
. [ ¢
: 23 %7
78 §é :
—— Feed
Figure 10-6. Construction of supc-rccntriﬁ:gc.
Use : Supercentrifuge is used for’ scparatmg liquid phases of emul-

sions in focds and phannaceutlcals

Variants : Tubular bowl! centr{fuge : It 1s used to scpamte solids and
liquids, when the solid content is low. It is a cylindrical bpwl and other

facilities remain the same. Durmﬂr centrifugation, clear llqlnd overflows
from the weir at ‘the top, solxds are -deposited on the wali. and arc*

removed at mtervals if necessary. Capacxty of this centnfuge is LLni:,ed.

r
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'CQNICAL DISC CENTRIFUGE OR DE LAVAL CLARIFIER
" As it is a clarifier, solids or immiscible liquids are present in low

~concentration in the feed. Complete clarification of the feed is possible

by centrifugal means.

Principle : It is a sedimentation centrifuge. The separation is based

on the difference in the densities between the phases under the influence. . '

of centrifugal force. In this, a number of cone-shaped plates are attached
to a central shaft (which has the provision for feed) at different eleva-
tions. During centrifugation, the dense solids are thrown outwards to the
underside of the cone shaped casing, while the lighter clarifiea liquid
passes over the bowl and recovered. from the top of the cone.

il o "! - ./.In'le‘t
s P ighterliui

+—— Heavier liquid

Lighter

Conical
discs

—--—__i‘.—r -

é’/f//[l///ll/l

" *

Heaviehy, 4. by S p 4
liquid + | U
. _SOHdS . * 3 | Motor |

Figure 10-7. Construction of the conical disc centrifuge.

Construction : The construction of a conical disc centrifuge is
shown in Figure 10-7. It cong'ists of a shallow form of bowl containing a
series ‘of conical discs attached to the centre ghaﬁ at different elevations.
‘The. discs are made up of a thin sheet of metal or plastic separated by

‘parrow spaces. Matching ho_lés in the discs about half way. between the

axis and the wall of the bowl form channel through which the liquid

“passes. A concentric tube is placed surrounding the central drive shaft.
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Working : Centrifuge is allowed to rotate. Low speed and short,
ime of centrifugation is sufficient to give high degree of clarification®
The feed i¢ introduced through the concentric tube surrounding the shaft.
The feed flows down and enters into the spaces bstween the discs.
(shown by the arrows). During centrifugation, the liquid flows into the
channels (holes at the centre of the diﬁsg) and upward past the discs.
These substances move along the surfaces of. the discs to the limits of
the inner and outer layers. Thz,solids and heavy liquids arc thrown
outward and move underside of the discs.

Then the solids deposit at the bottom of the cone, which is removed

intermittently. The lighter liquid moves to the upper side of the discs.
The liquid raises to the top and escapes from the outlet.

Uses : (1) Two immiscible liquids can be easily separated by a
continuous process after liquid/liquid extraction as n cdst ot

manufacture of antibiotics.

(2) Suspensions containing low concentration of solids can be sepa-
~rated quickly. Solids that are gelatinous or slimy can be separated
by disc cone centrifuge. Such substances may plug the filter In
other methods. . o
(3) Starch 1s collected atter.washing and purification stages.

(4) In the manufacture of insulin, the liquor is clarified to remove
the precipitated proteins.

(5) Concentration of one fluid phase as in the separation of cream
from milk, concentration of rubber latex, removing solids from
lubricating oils, inks and beverages are possible.

Advantages : (1) Conical disc centrifuges are com"pai:t occupying a
very small space.

(2) The separating efficiency is very high, so that the particles are
deposited very rapidly. It is suitable, if the sediment 1s a fluid
deposit or sludge. “

(3) By controlling the speed of rotation and rate’ of flow, particles
are separated into two size fractions.

Disadvantages : (1) The construction of a conical disc centrifuge s
- complicated.
(2) Its capacity is limited.

(3) it is not suitable if the sediment of solids forms a hard cake.
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Glossary of Symbols o
- C = Centrifugal effect, m/s2.
d = Diameter of the rotation, m.
[ = Centrifugal force, N.
G = Gravitation force, N,
= Acceleration due to gravity, m/s2. _ |
m. = Mass of the body, kg. | s, i
Speed of the rotation, revolutions per second. "
= Radius from the centre to the moving body in a circular path, m.

Velocity of the moving body, m/s

=3 S
I
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QUESTION BANK
Each question carries 2 marks | 1
l. Write two pharmaceutical applications of centrifugal sedimentation.
2. What are basket cénltr'ifugcs? Describe their applications. |
3. Write the applications of perforated basket centrifuges.
4. Explaih the principle behind centrifugal scparation.

Each (uestion carries 5§ marks * |

L. Classify industrial centrifuges. Write construction and working of a
perforated basket centrifuge. |

r

. Give,five pharmaceutical applications of industrial centrifuges.
. Describe continuous centrifuges. giving their advantages.

- Describe the construction and working of a Sharples supercentrifuge.-

h & W

. Describe the theory of ccngrifugation, ¥ SR

Each question carries 10 marks
. Discuss construction and working of a discontinuous centrifuge for solid
scparation. 3
2. Describe the construction and working of a centrifuge used for the separation
of slurry containing high percentage of solids. 11

3. Describe thesconstruction and working of a centrifuge used for the separation
of two liquid phases as in case of emulsions.
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