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Si1ze Separation

Official Standards for Powders
Sieves

Modes of Motion in Size Separation
Sieve Analysis - Testing of Powder
Equipment for Size Separaticn

Size reduction of a solid material never gives particles of same size, but
gives particles of varying sizes, i.e., distributes in different sizes. These
materials must be subjected to a separation technique to obtain narrow
size ranges. As far as possible size separation is included as an integral
part of the size reduction process. When particle size distribution is to
be controlied for the official specifications, size separation assumcs
greater importance and has to be handled independent of the size reduc-

tion.

Size separation is a unit operation that involves the separation of a
mixture of various sizes of particles into two or more portions by means
of screening surfaces.

Size separation is also known as sieving, sifting, classifving or screen-
ing. This technique is based on physica! differences between the particies
such as size, snape and density.

Screening is a method of separating particles according to size alone.
Particles can be separated into individual sizes using sieves. The final
portion consists of a more uniform size. The material that remains on
the given screening surface is known as oversize or pius material. The
matetial passing through the screening surface is known as wndersize or
minus material. Size separation process (or sieves) can be used:

l. As a method to determine particle size and size distribution,
which are useful in the production of tablets and capsules.

2. As a quality control tool for the analysis of raw materials such
as griseofulvin and aspirin. '
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3. To test the efficiency of a size reduction equipment or process.

4. To optimise the process conditions such as method of agitation.
time of screening, feed rate etc.

The testing of a powder and equipment used for classifying has been
discussed in the chapter. Mainly this chapter is purported to provide
adequate support to the size reduction. process discussed earlier.

OFFICIAL STANDARDS FOR POWDERS

In general, powders are vaguely described as coarse and fine pow-
ders. However, it is essential to identify with some gwiding specifications.

Indian Pharmacopeeia has prescribed standards for powders for phar-
maceutical purposes. Accordingly, degree of coarseness or fineness is
expressed with reference to the nominal aperture size of sieve through
which powder is able to pass. The relevant grades of powders and sieve

number along with nominal aperture size are shown in Table 7-1. The
IP 1996 specifies five grades of powder, '

TABLE 7-1
Grades of Powders and Sieve Number
along with Nominal Aperture Size as per P

3. \m tine powder 120)

e
e
e — .' . . -

:

o~ ’ » -
Steve through  Nom:aal  Sieve thirough  Nominal
S Grade of which all mesh which 40%, mesh
No.  pmwder particles apertire particles apertiire
must pass size pass size
[. Coarse powdgr 10 .7 mm 44 333 um
2. Moderately coarse 5, 710 pum 60 250 iwin &
powder ' }
3. Moderately fine i | 335 um I 83 180 um
powder =, ' -.U
4. Fine powder &5 180 pum —

12D um -

Coarse powder : A powder, all the particles of which pass through a

sieve with nominal mesh aperture of 1.70 mm (No. 10 sieve) and not
more than 40.0 per cent through a sicve with nominal mesh aperture of
33 um (No. 44 sieve) i3 called coarse powder.

In a sumifar way, other definitions can be written for the cdments of

=2 SIS K ) ' Tt =i . . . .
e Table 7-1. When finencss of a powder is described by means of 3
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number, it is an indication that all the particles 0ffh¢ powder shall pass
through the sieve of which the nominal mesh aperture in pm, is equal to
that number. ' e s _ 3

Normally, for compound powders, fine powders are preferred, while
moderately coarse powder is used for the preparation of tinctures. Coarse

powder without fines is employed in percolation process.
The above mentioned terminology has applications in the production
of galanicals. A few cxamples are given in the Table 7-2. '

L The pharmacopwia has prescribed upper and lower limits for the
three coarse grades of powder. ' For two fine grades, the pharmacopceia
has prescribed only the upper limit. - ' ' Skl A

" TABLE 7-2
Some Examples of Crudc-lDrugs and Nature of Powder Required

Liquid exiracts o U.seﬁd parts Grad? of powder
Ashoka sfem bark . coarse |
Nux-vomica am sceds, modeta‘fc;ly coarse
Rauwolfia roots . o8 ~moderately coarse
Ergot & sclerotia ;' modt:r'a.te.ly fing
Ipecac root TR R

| EpHcdra' Cstem } fine .

vl 4 ' L8 | SIEVES | ; .
Sieves are the simplest and sieving is the most frequently used
method for size scparation. : - b

Construction

Sieves for'_'p;_h_ﬁrmaceutical testing are constructed ﬁ_"cm‘ wire cloth
with square meshes, woven from wire of brass, bronze, stainless steel or
any suitable materials. Sieves should not be coated or plated. There
must be no reaction between the material of the sieve and the substance
to be sieved. ™+ ' 7l
Types of Sieves SRR NS gt ,

The primary considerations for sieves are given to the size and shape
of aperture opening. Square meshes are arranged as per the specifica-
tions. Sicves commonly used in ,,gjgialt'jﬁaceutical processing i"n;cl:ude:"

— Woven, wire sieves
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-« .+ — Bolting cloth sicves ]
— Closely spaced bars (screens) i ,
— Punched plates '

-~ Woven wire sieves : Wire wov’pﬁ" sieves are general-purpose sieves
and widely used in the pharmacy practice. The types of woven wire |
sieves are: SRRl R |
s b= . @ — Plain ‘weave

— Twilled weave

The nature of sicve surfaces is shown in Figure 7-1. For fine sieving,
metal wire woven sieves -are uscd, -Common examples are hand sicves.
These are included in roller mill, ball mill etc., during milling. In case |
of coarse sieves, the wire is generallyigiven a double crimp to preserve

the alignment of the wire.

: - e " . i w ! X =
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(a) Plain weaye sieve (b) Twilled weave sieve
- Figure 7-1. The nature of sieve surfaces.

m

Bolting cloth sieves : Silk, nylon and cotton are generally woven
from twisted multi-strand fibres.  Nylon cloths are generally designated
by their micrometgr opening and available in different grades. These are
used for the separation of fine powders. Hum-mer screen uses this type

of screens. - & L - i ER
Bar screens : Bar screens are generally used in handling large and |
heavy picces of materials. The bars are fixed in parallel position and
feld by cross bars and spacers. Bars which taper in thickness from one
end to the other are recommended, becausc they tend to avoid blinding.
Grizzlies use this type of screens. .. = 2. '~ o o T

Punched p'lates'(f’érforﬁtedi'sc}eens) '+ These are used for coarse
sizing. The screens are prepared by using a shect metal of varying |
‘thickness with perforated holes. The holes may be round, oval, square,

~ or rectangular (Figure 7-2). These types of screens are used in a hammer
~ A plate with a large number of holes and a small amount of residual
metal will have a large capacity, but will wear rapidly and vice versa. In
general, fm: o;ﬁenihgs much over 25 millimetres in diameter, a plate with
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Ijound pcrfc:,-_ratmn.s IS preferred over a wire screen. The applications of
screen configurations are given in Table 7-3. e i e 1o

L e TABLE 723 "0 7 v sy
Applications of Various Mill Screen Configurations
-of Perforated Screens

2.5ye o \ ? i - v . -
Perforation shape  Recommended use Compients -
Round holes - IFibrous materials Clog::; more quickly; lower
holc_sizc 1s limited, because
i of structural strength.
Herringbone

_ Amorphéwe? and
SCReCn (SIOLs Y '

Slightly coarse powder than

crystalline materials cqual-diameter round 0
| - perforations
Cross-slots Amorphous materials Same grind size as of cqual

and slurrics with

_ sized round perforation:
coarsc particles '

finer slot size attainable than

w

Herringbone design - Herringbone design consists of a series of
slotted holes repeated across the surface of the scréen. These are made
at an‘angle of 45 degrees to the length of the screen. It is preferred for
grmdmg crystalline materials and for continuouys 5pcration [f the width
of the slet is equal to the diameter of a round hole, it grind; the particl
coarser than the round hole. -This design should r;ot be used f'c:-zFJ ﬁbrosz

materials, as, it is. possible for fibres to align themselves along the slots
and pass through with inadequate size reduction.

| (,mss-xlqt screens In this type, openings arc at right angles to the
path travelled by . milling mechanism. These arc used for milling slurries

but not used for fine grinding in hammer mills as it clogs readily
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Standards of Sieves, Dimensions and Notations

Common standards used for sieves are:

(a) Tyler standard sieve series (in USA)

(b) US standard sieve series (in USA)

(¢) British standard sieve scries (in UK)

(d) German DIN (Deutsche Industrienormein) (in Germanyand
Europe) o T

“(e) IP standard sieve series (in India)

(f) International test sieve series (ISO) (World widc)

Tyler and US standards can be interchangeable, since the difference
between the two standards is less than the allowable tolerance in weav-
ing of the screens. These are also known as test sieves. Sieves used for
'phanﬁacopceial' testing must match with the following specifications:

1. Number of sieve : Sieve number indicates the number of meshes
~per linear length of 25.4 millimetres. '
2. Nominal size of aperture : Nominal size of aperture indicates

the distance between the two adjacent wires. It represents the
side of a square aperture. [P 1996 gives the nominal mesh

‘aperture size for majority of sieves in mm or in jm. .
3. Nominal diameter of the wire : Wire mesh sieves are made

" from the wire having the specified diameter in order to give a
suitable aperture size and sufficient strength to avoid distortion

of the sieve.

4. Approximate percentage sieving area : This standard expressecs
the area oft the mesh as'a percentage of the total area of the

0

sieve. It depends on the size of the wirc used for any particular .'

sieve. .Generally, the sieving arca is kept within the range of 33
to 40 per cent In prdcr to give suitable strength to the sieve.’

5. Aperture tolerance average size : Some variation in the aper- .'

f“_‘f_‘_"f.'::turc_:siz’é;':‘ﬂisi_pna?oidableﬁ This variation is expressed as a =
ot Bl / percentage and is known as the aperturé tolerance average. In
17 fact, it is a limit given by pharmacopeeia within which a particus =
' yar dimension or average aperture size can be allowed to vary
7+ and still be acceptable for the ‘purpose for which it is used. Fine
. meshes cannot be wovu;-qn' with the same accuracy as coarse

‘meshes. Hence, the aperture tolerance average is lower for:

“coarse sieves than the fine sieves.
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| /\Cf:m:q:ng to 1P 1996, a sieve must conform to the spéciﬁcmions
given in Table 7-4. et
, TABLE 7-4 sy
Standards for Sieves—Specifications

[’/ U’tHH(HQ approximale NQHHH(J/ !J__IC’S;J Tolerance

‘\; L vy, b : ’ by 1 ’
[ MV percentage aperture size averade

0. number .w'm*iirg‘;uw: | aperture size

o TeReE -4___________“_.___;_* d _____ (min) e (+ mm)
| & Wi 55 " A RO I | -

2 iy ¢ oy 8 R tor 009
38 18 B X AR . 02

g .: 1B . R PoF S RD 006
S . _ 1] T S 0.03

b o ' - g T ¥ (0.03°
¥, o e plm A - oum
8 o T - e |- SIS

) i B R 36 600 Y

© 1) Ay ¥ VTS Ay 18

B e s B 238 i i 425 15
R 4 101 38, 21 348G Sunis  i3

13 I 37 250) ihe 13 (9.9)
14 RS ' S R T e
15 100 36 150 TN (b))
6 120 TNy EOI O i
| 7 | 30} 30 106 7.4 {5.'1") -
|8 C 170 33 () G R(4.6)
9 200 3 78 B 5 g g 1y
() 240 34 | 63 53 (3.7)

if 300 3R S DM (3.4)
R 330) RS 45 G EYE. D

:"?—___ﬂ__-——-——-—-——m

:\r ‘-11 PN - % % .-.r ".i‘l"-" i ' ' b et vl :
3 o III:LII'LH i the ﬁhmt._L_L.l:‘ refer to close tolerance and those without
brachets refer to full tolerance. * - S e

o
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Comparlson of Ideal and Actual Screens

An ideal screen would sharply separates the feed mlxture in such a

way that the smallest particle in the oversize would be just larger than
the largest particle in the, undersize.

“Such an ideal separation defines a cut diamcter, Dpc that makes lht.

point of separatlon between the fractions. Usually, D). is chosen to be
equal to the mesh opemng of the screen.

An ac!ual screen is the one, which does not oive pcrfect separation
about rhc cut diameter.

In an actual screen, the overlap between the smallest particle in

oversize and the largest particle in Uﬂdﬁ!‘bl?’t. is more pronounced, when
particles:

— are needle like, ﬁbro__u:s.
— tend to aggn.g,'ltc

— tend to strike the screen surface endwise and pass through.
- tend to strike the screen sidewise and retained.

Commercial screens usually give poorer separations than testing

creens of the same mesh opening when operated on the same mixture.

/" MODES OF MOTION IN SIZF. SEPARATION

‘S{.rt.emn;, is a method of separatmg particles according to size alone.
The basic technique involved is passing the particles through a series ot
SIEVCS of uniform size. In this, the particles drop through the openings
due to gravity. Coarse particles can drop easily through large openings,
but it is difficult to screen the fine powders.  This process can be
hastened by inducing some type (mode) of motion (movement) to the
pa,rtlclr.s Size separation is basically assisted by three methods.

1. Agitation '
2. Brushing
. 3. Centrifugal force

These modes of shaking help to shake the material so that sieving
will be quick and entire sieving area can be utilised.

.Aglt.ltlon Method W ot N

Sieves are agttated in a number of ways Some of them. -are dlscusscd
bclﬂw ' e '

T
]

Oscnllatlon The sieve is mounted in a frame that oscillates b'u:k nnd
forth, 1. e., remprocal motion (Figure 7-3). ltis a snmplt. method, but the

9
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material may roll on the surface of the sicve. The motion is parallel to
the plan¢ of the sieve. The sicves can be slightly inclined. The
reciprocating, mot:on is induced by means of an ordinary eccentric on a

rotating shaft. f

Figure 7-3. Motion of screen, shaking (osuil__luticms).,_-

Vibration : The sieve 1s vibrated at high speed by means of an

eccentric device (Figure 7-4) either electrically or mcchanically. Rapid
vibration is imparted to the particles that helps the powder to pass
through the sieve. Electrically vibrated screens are particularly useful in

the chemical industry. Example is hum-mer screen. They handle light.

finc and dry materials successfully. - Inducing vibrations also prevents
blinding ol meshes. '

of . v Vibrator

t

ElE_thiC ey A
-sibrator

(a) Mechaniqally vibrated (b) Electrically vibrated
Figure 7-4. Motion of screens vibiating :.notion.“

Gyration : In this method. a system is made so that sieve is on

rubber mounting and connected to an eccentric tlywheel (Figure 7-5).
This gives a rotary movement of small amplitude to the sieve, which in

turn gives spinning motion to the parlu.les that hclps to pass them
through the sicve.

o

‘Eccentric "< Eccentric

(b) Gyrations in
vertical plane

(a) Gyrations In

| (c) Gyration at one end,
horizontal plane

and shaking at other end

Figure 7-5. Gyratory motions ol screens or sieves.
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Gyrator) screens are box like equipment, cither round or square, with
a serics of screen cloths nested atop one another (Figure 7-5). Most
gyratory screens have auxiliary vibrations causcd by balls boumm&,

against the lower surface of the screen.

Agitation methods are not continuous methods. However, these can

be made continuous by inclination of the sieves. Neparate outlets are
made for undersize and oversize particles. Normally. all the three modes
of agnaubn are used simultaneously lor an t.llu.h.,nl size scparation.
Rotcx screen worl\s on this principle. Ve '

Advantages . (l) Agitation nmhods are mc\px.mxu
(2) Slmplc and rapid.

Dlsad\'antnges <+ (1) Apgitation mt..lhods hm. lower linnt "of the

~ particle size. L. o
(2). If the powder is not dried. aperiures become clogged with parti-
cles leading to improper sieving.

() During ggnmmn. attrition (particles colliding wnh cach other)
occurs causing size reduction.

Brushing Mcthod

In this case, a brush is used to move the pdl’llC]L% on the surface of
the sieve and to keep the meshes clear.  The brush is rotated m the

middle in the case of a circular sieve. but spiral biush is rotated on the =

longitudinal axis in case of horizontal ulmdmal sieve. One exwnple 1s
brush sifter (Figure 7-0). This is used for size separation of greasy or

sticky powders such as waxes and -soaps.

Tnangular
Cctructwre

Sieve mesh

Figure 7-6. 13rush sifter
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Centrifugal Mcthod .

In this method. a high-speed rotor is fixed inside a vertical cylinaﬁ-
cal sieve. so that on rotation the particles are thrown outwards by
centrifugal force. The currents of air can be gt,nerated’ by means of a jet
of air into the equipment. which helps in separating thc particles. A few

cxamples of equipment that work on this prmcrple are L)LIOHC scparator.
and air scparator. '

Advantages :.(1) Cenmfugal methods are extremely use ful in cases
where conventional sieving tends to block the sm [\

(2) Ixtremely useful for fine powder. btcauqe sieves have the limi-
tation of mesh size.

]

SIEVE ANALYSIS—TESTING OF POWDER

The milled material 1s subjected to size separation in order to obtain
the powdor of desired size or size distribution,  Size distribution analysis
1s important in different areas as mentioned below.

Quality control tool for the analysis of raw materials.
Testing the efficiency of a size reduction equipment or process.

Hpnmmnn the process CﬂﬂdlthﬂS such as method of agitation,
ume of screening. etc.

Selecting the sieve c.ys:lcm for mmmucnl cquipment.

Frrors can arise if the HILVC‘S are overloaded or 1f msufﬁucm llme T
allowed 1or the particles to pass through.

Sieve Shaker Machine |

Principle.: The powdered drug is separated according to its particle
size usuie a number of sieves in a nest. These are subjected to different
lypes of agitation, so that uze :».cparduon 1s rapid.

Construction : Stand.ud sieves of different mesh numbers are avail-

able commercially as per the specifications of 1P and USP. I hese sieves
are fiaed in a mechanical shaker apparatus (Figure 7-7).

Working : Sieves are arranged in a nest with the coarsest at the top.
A 'i:.implc (50 g) of the powder is placed on the top sieve (Figure 7-7).

“This sieve setis fined 16 the mechanical shaker apparatus and shaken for

a certain period of time (2Q minutes). The powder retained on each
sieve 1s weighed. o g

Practical considerations : Carc should be taken in order to get
reproducible results.- The type of motion influences sicving; vibratory



188 ~ PHARMACEUTICAL ENGINEERING

F
)

| Ifﬂ.,}_,._ N et Lid
b Sieve No. «———t-— (oarest sieve
l
Sieve No. o
b : SiEV;NO; £ Sijﬂ"\'e-s?t,, ;

ol tu g Ny ' o0 Tl : )
Sieve No.

l
”

Sieve No. <———t— Finest sieve
_ Receiving pan
4 S 4%
Indicator bulb
ERPEA R Divisf, '

On/Off ' I O @ X
* o=
Figure 7-7. Laboratory sicvc shaker machine.

motion 1s most efﬁcncnt followed by side-tap motion, lmttom-—pat
motion, rotary motion with tap and finally rotary motion. The type of

motion and intensity of the shaker arc fixed and standardtzed bhakcrs
are commercially av'ulable

'r
'-.
..r_

Other factors arc weight of the sample and duration of shakmg
Sieves produced by photo-ctching and electro-forming techniques are.
used to get a better estimate of the size distribution analysis with a lowcr*
limit of estimation of pdl’thIL dlametcr d pm. |

_ A.dvantag_es solt 18 me\penswc simple and rapid with rcpzoducnblo
results.” . ity
Dlsadvantages . (1) Lower Iumt of p'utlc,lc size 15 50 pm.

(”) It pouder is not dry. let.l'tlll'ﬂ' get clogged with pama,ln, lcad
mi, to lmproper Slcwm'

ey ”

oy

ﬁ
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(3) During shaking, attrition (particles colliding with cach other)
occurs causing size reduction of particles. This lecads to error in
cstimation.

Varmnts . Electromagnetic sieve -shaker—It is uscful for analvsmg
powders under controlled conditions.  Sonic sifter — This apparatus

utilises sonic oscillations. A mechanical pulse action. is used to reduce
blinding and agglomeration in the sub-sieve sizes.

i

’Alpir}cﬂirth Sieve

- Principle : In the Alpine airjet sieve, sieving action mvolves the
application.of"a jet of air on one side of the sieve and suction on the
other side. The material is maintained in a fluidised state on the screen
by a strcam of air. Vacuum is applied below the screen, so that the
undersized powder is sucked through the sieve.

Construction : The construction of a Alpine airjet sieve is shown in
Ficurec 7-8&. It consists of a metal housing into which the sicve mesh 1s
fitted. Sieve cover is placed in such a way that an air-tight seal is
obtained. ‘A slit is provided such that its upper edge is in level with the
upper edee of the housing. Provision is made to pass airjet below the
slit.  Suction line is provided below the sieve, which can be controlled
with the help of a manometer.

Coarse pﬁwdér' Sieve cover {air tight)

- Sieve mesh SR - I ‘o X '.0' -Rotati__ng*
. e 'm " sht
T T \ o
O - ..00 QOO0
E - --h---—-- _:. J ;
Housmg o IT 4 } : Current of
, B Y N air directed
.0 %" “ - ) ’
Fines . .,: K -:. e through

o o ¢, rotating
"J % ? - lit

Vacuum. e / Inlet for - | -5
_f connection - Lonnection e e
to manometer

.
o

Figure 7-8 L nmlruumn ol Alpine mr;t.t SICVC.

Working : A small amount of powder (about ]O g) is spread on the
siecve.. The cover is placed in position. The slit is set into rotation by
scndmg a jet of air from below: The powder is fluidised in the upward

&
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jet of air. The suction is adjusted until the manometer reads aboul
27 kPa. The vacuum (in the interior of housing) sucks the undersized
powder through the sieve. The material is recovered.
Sieving is continued for two minutes and the residual powder 18"
weighed. This powder is transferred to the next sized mesh with a ﬁmi
brush. This process is continued until all fractions are collected from the
sample, by changing the sieve meshes as well as magnitude of the suction,

Uses : Alpine sicve method is used for the analysis of powder for its
size distribution.  This method s particularly useful n cases where
conventional sieving tends to block the sieves below about 80 um. |

Advantages : (1) In A![ﬁinc airjet sieve, tluidisation of powder pm
' vents blocking of the mesh. _ ;
(2) It is a rapid method and gives reproducible results. ,

(3) Itis very useful for fine powders.

Disadvantages : (1) The capacity of Alpine aitjet sicve is limiteds
Therefore, it is not useful for large-scale separziti_ons. %
(2) This method is tedious, because each time only one patticle si
“powder is obtained. - 1

-|
i

‘Data Presentation - _ _ _
Frequently a powder is assigned by a mesh number of the screel
through which 1t passes or on which it is retained. It is expressed |
cerms of arithmetic or geometric mean of the two sieves, 1.e.. a powde
‘passing through a, 36 mesh and retained on 44 mesh sieve is assigned @
arithmetic mean diameter of (425 + 325)/2 or 375 um. This s repor

“-as undersize.

.

Data Analysis | , ;
The weight of sample retained on each sieve is considered for M
~analysis. The data are analysed for normal, log-normal, cumulati
percent frequency distribution and orobability curves. Along with thes
difterent mathematical expressions are also used such as average pat‘ﬂ.
diameter. geometric mean weight diameter etc. For further analysis rel
the book., “Textbook of Physical Pharmaceutics” by C.
Subrahmanyam, Vallabh Prakashan, Delhi.

__ - EQUIPMENT FOR SIZE SEPARATION 4

A wide varicty of equipment have been developed differing in

scale of operation, ruggedness, method of movement of material |

I3
g.

= e !
o
II -|I.

Ch-7  SIZE SEPARATION 1 i - 191

material of construction. The modes of size separation are discussed
earlier. Some factors to be considered are: ' o
(a) wear of the sieves. '
(b) blinding.
(c) machine noise.
General Classification of Screening Equipment
The screening or sieving machines may be divided into different
classes. = B
(1) Grizzles : For coarse materials above 50 mnm — large lumps.
(2) Revolving screens : Separations above 13 mm — trommels.
(3) Shaking screens Separation from 13 mm down 1u.=~.-ﬁ:ar¢:is'tc::a fines.
(4) Vibrating screens : Coarse size (13 mm) 1o fines.
(5) Oscilluting screens : Fine mesh size. |
(6) Fluidised systems : For very fine powd::.rs.
Some important equipment are described below.

far iy

Shaking Screen _
Principle : Particles of ditterent sizes are separated by passing them
through a sieve, which oscillates to and fro continuously. F i TR 3

£, Ha
 ods N\

L ]
Ay
(=4

Feed
. ~ Metal frame
. ¢ 1Y F
N e - - Sieve -
Eccentricona | s g m *'
~ “rotating shaft i ¢ .+ - 000 o Digcharge

Figure 7-9. Construction ot shaking screen in inclined position.

Construction : The construction of a shaking screen is shown in
Figure 7-9. Shaking screen consists of metal frame to which a screen 1s
fixed at the bottom. The screen cloth may be riveted directly or fitted
using a removable bolted frame. The metal frame can be arranged
horizontally or in inclined position. It is suspended by means of hanger
rods, so that it can move freely.  The side of the metal frame is
connected to an ordinary eccentric on a rotating shaft. The entire frame

can experience reciprocating motion.
v
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Working : The screen is allowed to shake in a reciprocating motion.

The fecd (material to be screenced) is ‘ntroduced on to the screen from a
side. Therefore, fine particles get screened oft initially. The remaining
matcrial moves forward during the motion of the frame and gets scpa-
rated. Thus. the desired size particles can be obtained from the material.

The advantages of shaker screen are that it requircs low head-room
and low power requircment. . '

'Th"e"" disadvantages are that shaker screen, requires high - cost of

maintenance of screens and supporting structures. Its capacity is low. 4

Variants : The above screen system may be vibrated to kcep the

- particles moving and to prevent blinding. 1t 1s used when large capacity’
and high efficiency is desired. S oL LT )

Rotex Screen |

Principle : Rotex scrcen works on oscillating agitation (back and
forth) by means of an eccentric ‘mechanism.  Further, vibrations arc
~ caused by balls bouncing against-the lower surface of the screen cloth.
This rapid motion helps the particles to roll on the surface of the screen
and separate out.

Construction : The construction of a Roth screen is shown in
Figure 7-10. The screen is slightly inclined at 5 degrees. A coarser
supporting screen is placed below a coarse screen (Figure [7-10a).
Between the screens. wooden blocks are placed at different intervals.
Between the wooden blocks, a number of rubber balls are placed. This
two-sieve system represents onc unit. Scveral such units arc arranged 1n
the desending order, i.e., sieve of larger size at the top and smaller one al
the bottom (Figure 7-10b). | '

If more number of sicve sizes are desired, n screens are arranged in a
similar manner to obtain (n + 1) fractions. This assembly is supported
on sliding contacts at the lowel end. The upper end of screen system is
connected to an.eccentric pin on a flywheel. ' :

Woi'king . The screen system is allowed to agitatc with the help of

eccentric. The shaking motion of the screen cau's'es balls to fly between
the screens. As they strike the inclined sides of the wooden blocks, the
balls deflect upward and strike the underside of the screening cloth and

thus prevent the blocking of the mesh (Figure 7-10a). The feed is |
introduced at the clevated end of the screen. The material passes
through the upper screen and reaches the next screen. This process
continues until all the material is separated into fractions. The fractions
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arc collected separately at the outlet point.

Screen of certain size

s

Wooden --y .. K o — Sin le

block O'/O/ _Rubber A scrégen
o "k, & LT T B

—— T AR e T { system

Supporting screen
(Coarser than above screen)

~(a) Unit sieve system y

Feed |

Coarseest screen
Stiding bearing

Wooden blﬂ_cks _ “Rubbe'r balls

Fine - Coarse
giza’ . S .

¢
¥

(b) Assembly

Figure 7-10. Construction of Rotex _scrécn..

Uses : Rotex screen is used for handling a variety of chemicals
u_sually dry materials. Granular matrices and powdered foods are also
size separated by Rotex screen. Therefore, these are used exteﬁsivcly as
standard equipment in many chemical and p'r0ces'sing‘ blahts for 'h'a’ndlin
fine separations. ' LR S S S el e '8

Cyclone 'Se,.parato_r

Pl"i{lcip‘le : In cyclone separator, centrifugal force is useciwto separate
the §olld§ from ﬂu:ds.. The separation process depends not only on .the
particle size, but also on the density of particles. Depending on the fluid

velocity, the cyclone separator can be used to separate all types of

particles. It 1s also possible to allow fine particlest arriec
uid it p eseio b¢ carried by the
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‘Construction : The construction of a cyclone scb'arator is shown in
Figure 7-11, It consists of a short vertical, cylindrical vessel with a
conical base. The upper part of the vessel is fitted with a tangential
inlet. The outlet (solid outlet) is arranged at the base. Fluid outlet IS
provided at the centre of the top portion. which extends inwardly into
the separator. Such an arrangement prevents the air short-circuiting
directly from the inlet to the outlet of the fluid.

PHARMACLUTICAL ENGINEERING
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blades. To improve the separation, stationary blades are used. By
controlling these blades and the speed of the rotation, it is possible to
vary the size at which separation occurs. '

s

~ Construction : The construction of an air scparator 1s shown In
ngrc 2-12." Heonsists of a cyliﬁd%icnl :\fCS-SCI with a conical base. The
feed inlet is fitted to the upper part of the vessel. The rotating disc and
rotatiny, blades are attached to the central shaft to produce air environ-

ment. At the base of the vessel, two outlets are provided; one for fine
particles and the other for heavy particles. |

Feed inlet .

s

Rotating disc

Rotating blades

Solids
- outlet

Figure 7-11. Construction of cyclone separator. i

Outlet for
heavy particles

Outlet for

Working : The solids to be separated are suspended in a stream of =
- ' 3 fine particles

gas (usually air). Such a feed Is introduced tangentially at a very high
velocity, so that rotary movement takes place within the vessel. The
centrifugal force and vortexing throws the solids to the walls. As the |
speed of air diminishes, the particles fall to the conical base and are
discharged through the solid outlet. The fluid (air) can escape from thc;
central outlet at the top. ' ‘

Figure 7-12. Construction of air scparator.

Working : The disc and blades are allowed to rotatc by means of a
motor. These produce a current of air as shown by the arrows. The
sample powder is introduced through the feed inlet. The feed falls on
the rotating disc. The fine particles are picked up and carried into space,
where air velocity is sufficiently reduced. The fine particles are dropped
and arc ultimately collected at the outlet meant for the fine particles.
The heavy parfic]é's", which. fall downward, are 'feﬁici)\'/ed at the outlet
meant for heavy particles. o A

Uses : (1) Cyclone separator is used to separate the solids from gases.

> s 'alsq; used for size separation of solids in liquids. .~
~(3) It is used for separating the heavy or coarse fraction from fine
dust. ' - 1

Variants : Cyclone separators are also used for size separation 0
solids suspended in a liquid such as water. Such separators are” known:
'as wel/ or qu,,-d cyclone. One-such apparatus used for this purpose iIF

*Doriclone. ity a0 14 ~ _

Uses : Air scparators are often attached to the ball mill or hammer
mill to scparate and return over sized particles for turther size reduction.

Bag Filter " g . f .d:a:

f :

Principle : In a bag filter, size separation of fincs (or dust) from the
milled powder is achieved in two steps. In the fird step, the milled
powder is passed through a bag filter (cloth) by applying the suction on

.Air Separator 5 U T
~Principle : In air separator, centrifugal force is used to separall
solids. The air environment is obtained by means of rotating disc ane i

L. ]
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the opposite side of the feed entry. This facilitates the separation. In the
next step, pressure is applied in order to shake the bags so that powder
adhering to the bag falls off, which is collected from the conical bgse.

- Cons}rdction : The construction of a bag filter.is shown in Figure 7-
13. It consists of a number of bags®made of cotton or wool fabric.
These are suspended in a sheet metal container.

Discharge

Low SpEEd | Damper_ © . 7 manifold -

shaft

42— Metal casing ~

Filter bags

0

Dust hopper
' *
' -4
b
Dischérge . . o | Product
" manifold | | dis_;_;hargﬁed

(a) Filtering penod (b) Shaking period

Figure 7-13. Construction of bag filter.

A hopper is arranged at tht bottom of the filter to receive the feeds

X

" At the top of the metal container, a provision 1s made for the exhaust.
Adjacent to this, a bell crank lever arrangement is made. to bring the
filters to normal atmospheric conditions.

~ Working : The working of the bag filter consists of two steps. In the'.. ]
first step, the feed is separated from air by passing it through the cloth

1
iy
]
|
I'81Y

i J

U ot
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bags. In the subsequent,step, the bags are shaken to collect the fines that
arc adhered to the bags. These two steps follow in succession and are
controlled at different intervals. with the help of a bell ‘crank lever
arrangcmém., | | : |

Bell crank lever arrangement : In this mechanism, a shaft with a cam
is allowed to rotate at a low speed. During rotation, the cam can either
press the bell crank lever or does not come into contact. Depending on
this mechanism, the damper changes its position. The damper is a useful
mechanism, which allows the two steps 10 occur as shown below.

Movement of damper

Contact between - Contact between
bags and suction = bags and atmosphere

Step ~ Mechanism

B e

Filtering  Cam docs not press DRSS R TR N s e
period  thc bell crank lever '
(Figure 7-13a)
Shaking  Cam presses the clases: i, e Opens i
period  bell crank lever |
(Figure 7-13b)

These changes occur at intervals of a few minutes.

Filtering period . The exhaust fan positioned at the top keeps the

bags under less pressure than atmospheric pressure. The gas containing

fine particl_es (or dust) enters the hopper, as shown with'arrqws in Figure
7-13a, and passes up. The gas feed passes through the fabric of bag.

. During this process, the fines (or dust) arc retained in the bags, while the

gas reaches the top of the casing. Because of air, the bag remains taut
during filtering operation. | - I A

Shaking period : Since vacuum is cut off in the chamber, air from
outside enters the casing and passes through the 'bags. " This results in
violent shaking of the bags, so that the dust and fine particles are
displaced from the bags and falls' into ‘the «conical base. ' It'is then
removed at intervals. | e e s g | | !

Such devices are entirely automatic in' their action and can':bé'ﬁc-
signed to affect very large filtering surface per unit floor space.

. R

Uses : Bag filters are used along with other size separation e‘qufp-
ment, for example, a cyclone separater. Bag filters-are used to remove

the fines from cyclone discharge. Bag filter is connected to the dis-

charge end of the fluidized energy mill.

. 11
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Advantages : (1) Bag filter is extremely useful for removing fines,

~which cannot be separated by other methods.

('7) Thesc can be used even to remove dust. The ordinary houschold

vacuum cleaner is a simple bag filter.
Disadvantage : Bag filter is not size separation equipment as such.
' 4 * | | g

QUESTION BANK

Y

Each quegtvioﬁ carrics 2 marks
1. Name the standards of screens used in pharmaceutica! practice.
2. What are standard sieves? '
3. Differentiate ideal and actual screens. -+ °
4. 'I.is:t the specifications and standards for sicves.
3 Exp'l:iin the term blinding of screen. How is it prevented?
. What are vuri;\us grades of coarse powders? Define them.

6
7. Give the classification of fine powders with definitions.
8.

What are the advantages ol expressing sieves by a sieve number over the

nominzl size of aperture?

9. Differentiate the terminology, nominal size of aperture and nominal diameter

of the wire. | :
107 What are the uses of screen analysis? How is it expressed?

ok

" o)
11. List the methods of sieve analysis used for testing thc pou dua Give thelr

relative advanldﬂ

Each question carrics § marks
1. Explain the working of a cyclone separator and its uscfulness.

2. Describe the method of size separation using a Rotex shaker screen. 070

3. Explain various grades of powders oflicial in plwmacepam

| 4 Give details about the various standards fixed by the phdlmacopma for

~ sieves.
5. Describe the specifications of standard sieves as per IP.

Each question carries 10 marks

1. Describe one industrial melhod for size scparauon ol a powder. Jnd ils

applications.

3

8~
Mixing

Section I—MIXING OF SOLIDS -

Interparticle Interactions-Segregation
Mechanism of Mixing in Solids
Mixing Process-Steps
.Degree of Mixing and Stat:stlcal Evaluatlon el LRt Ot
Factors Influencing Mixing ‘i v |
~ Classification of Equ:pment for Solids Mixing
Equpmeni

/ Mixing 1s defined as a process that tends to result In a randomlzatlon of
dissimilar particles within a systcm/

u’he term mix means to put taﬂether in or’le mass or asscmblage with
more or less thorough diffusion of thc constituent ‘elements among_one
anothcr} The term b!endmg means to mix smoothly and inseparably
together.  During blending a minimum energy is :?mparted to the bed
These terms are commonly lsed mtcrchangeably n the mdustry

Some of the mixing operations in-the dtspcnsmg p:act:cc are spatula-
tion, trituration, tu:nglzng, beometuc dilution etc. However, mdustr:al
pharmac:eu'uca!’rrm.wzlr involves Iarge-scale equ:pment A major comph—

cation In the mtrm'itr.. mi:-..mg 0? partrcles 1s the segr eg,atlon ot partlculate

solids ‘that results from gravitational effect on the agltated bed LMlxmg
can also be ach:eved by mlllmg, kneadmg etc“\ :

The diverse characteristics of part:clcs such a.s sxze shape volume

surface area, density, porosity, flow and chargc, contnbute to thc solid
mixing. It is difficult to predict the mter—pamclc mteractmns Thcre-

fore, some empirical correlations are possxble In practlce optimum‘
mixing is considered satisfactory. - |

%
t

Dependmg on their ﬂow properties, sohds are dmded mto two'
LlaSSC": cohcswe and/gpncoheswe :\”onco!wswe mater:als such

, . _ 1 ; - Vs
: W A .".-.[r ..' i 13
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