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Drying

Theory of Drying |
Classification of Drying Equipment
Equipment

ID:ying IS deﬁﬁed as the removal of small amounts of water or other
~ liquid from a material by the application of heat:.ﬁ |

The liquid medium may be removed from the solids mechanically by

a filter press or centrifuge or thermally by vaporisation. [t is cheaper to -

remove liquid by mechanically than thermally. Therefore, it 1s advisa})lc
to reduce the liquid as much as possible before subjecting to the drying

process. g 1
i&inguishable by the relative quantities

Drying and evaporation are d _ tive quantitie
of liquid removed from the solid.gIn evaporation, the préduct obtained 1s

. . T | . : ' " /
either concentrated solution or suspension or wet slurry. - In drymg,ﬂi_r._)r

e

solid is the pmduct.@
The liquid'to be
— on the surface of the solid, as In drying of salt crystals,
- entireljy inside the solid, as in solvent removal from a sheet of

B s — At

porised may remain:

polymer, :
— ‘partly outside and partly inside, as in case of solvent removal
~ from pharmaceutical powders. ~ .

Drying is possible when the environment is ‘unsaturated with the

* water vapour. Hence, humidity in the environment is an important
Though several methods are

~ determinant for drying of the solids}

available, thermal methods and freeze drying: technique (nonthermal

i

method) are included here. © This chapter deals with" the theoretical
principles,and equipment cmployed for drying.

0 | .
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~Applications

A

~ Preparation of bulk drugs : In the preparation of bulk drugs, drying
is the final stage of processing. "A few examples are:

— dried aluminium hydroxide' |

— spray dried lactose - D

y
L1
L

Drymg. step is essential ﬁﬁg\r\.certain operations such as crystallization
- and filtration.

. Preservation of drug products : Drying is necessary in order to
avoid deterioration. A few examples are:' |

Th By

Crude drugs eof animal and vegeta
- Blood products, skin, tissue

Synthetic and semisynthetic drugs
Effervescent tablets

(aspirin, penicillins)

ble origin - chemical decomposition
- microbial growth

- - chemical decomposition

. - - chemical decomposition

Improved characteristics : Drying produces materials of spherical

“shape, uniform size, free flowing and enhanced solubility. Some spe-

cific areas.of importance are: -

(1) Granules are dried to improve the fluidity- and compression

- characteristics. These are essential for the production of tablets
‘and capsules. ' '

(2) Viscous and sticky materials are not free flowing. Drying

modifies these characteristics. Examples are ‘male fern extract,
malt extract and oleoresin. '

~ Improved handling : Removal of moisture makes the material light
in weight and reduces the bulk. Thus cost of transportation will be less

and storage will be efficient. If moisture is present, sizz reduction of
drugs is difficult. Drying reduces the moisture content.

THEORY OF DRYING

In a wet solid mass, water may be present as bound water and
unbound water. e i3

ﬁwMoisture) is the minimum water (moisture) held by the
material that exerts an equilibrium vapour pressure less than the pure
water at the same temperature. J S T T

« Unbound water (moisture) is the amount of water (rﬁdisture) held by
'the maferial that exe

naterial that exerts an equilibrium vapour pressure equal to that of
pure water at the same temperature. T o

- ]
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non-hygroscopic material, all the liquid s ui?l'%_éu'nﬁc]"ivitcr* I 8
hygroscopic material, the unbound moisture is the liquid in excess of the
equilibrium moisture content, corresponding to saturation humidity. Sub-
stances containing bound water are often called hygroscopic substances.
The distinction between bound and unbound water depends on the
material itself. Thesc are described below.

Vapour pressure of wet mass =

Am'ount of

_At equibhbnum .
L water = EMC

" i . | ' )
Wet mass |

The characteristics of air such as temperature and humidity are

maintained constant. DCpcndfng on these conditions, the solids may
absorb or lose moisture. | '

Hygroscopic
~ matenals
Water 1n:

“Zfine capillaries

vVapour pressure

; IS ety of wet solids 1S
Contains Bound Condition _ "
i 5| lessTthan the
| water |

- & When air (of constant temperature and humidity) is continuously

_ vapour‘ pressure e e i .
_cell and fibre walls i pamiig . L passed over the solid cf_gig‘tfml_gg_mq1stqrqimore than EM?, then
L/-phys'ical staraction : solid os3s water continuously till EMC is reached. This phe-
' & ~ nomenon is known as desorption.— L,
g e —————=) 7 MWh"en air (of constant temperature and humidity) is continuously
& i | . . 6 e . - T -
—————_\ ‘ Vapour pressure _,; ,, passed over the solid containing moisture less than EMC, then
M*' N°“"hyt9‘?5f-°"“‘ Contains - [7———) Condition | of wet solids is | - solid adsorbs water continuously till EMC is reached. This
& Sk st e % ~——>| equal to vapour v phenomenon is known as sorption. |
Water in void | - waker . | pressure of pure e : - _ B N R
-f | iy | The behaviour of desorption and sorption is shown below. From the
5paces, water . : o : _ _ |
- above observations it 1s clear that, material can be dried up\to EMC but
o e : e : | not below it.
Heat must be transferred to the material to be dried in order to supply . ; :.
" the latent heat required for vaporisation of the moisture. Water diffu;-:es Moist_ure_. 1n the sc}lidn} EMC of solid Moisture in the solid < EMC of solid

- through the material to the surface and subsequently cvaporates into the
air stream. Thus drying involves both heat transfer and mass 1qansfer'
operations simultaneously.

e Moisture Moisture

Théory can be discussed in two heads namely equilibrium relation-
ships and rate rgl__aﬁo-nships. IJ

Desorption Wet
'f{;:f"?Equilibrium Rela}mnshlps A - At a given temperature and humidity of air
74 Air of-constapt-temperature— Jrdiy-4s- passed over the Wwcl o o Bl il TR
solid. After a long exposure, equilibrium is reached. On attaining Measurement of EMC : The EMC of a material can be determined

equilibrium, furgher exposure will not alter moisture content in the sol.id.
A¢ this stagey’vapour pressurc of the wet solids is equal to that of the
surrounding atmospherc. Hence there is no driving forc.e_ for mass

as follows. The solid samples are placed in a series of closed chambers
such as desiccators. Each chamber consists of solution (deéiccant),
which maintains a fixed relative humidity in the enclosed air spaces. In
other words, the solid samples are exposed to several humidity condi-
tions. The exposure is continued until the material attains a constant

weight (equilibrium conditions). *The difference in the final and initial
weights gives the moisture content. *, e,

transfer. | |
Y*/& ibriam moisture content (EMC) + It is the amount of water

present in the solid which excrts @ vapour pressure cqual to the vapour

préssure of the atmosphere surrounding 1t.

P R o

»
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Equilibrium* moisture curve is drawn by taking relative humidity (%)
on x-axis and moisture content on y-axis (Figure 14-1).

__ Bentonite

. Starch

/ » Methylcellulose, By -

10 15 cps

Ethylcellulose

Moisture content-per cent

20 40 60 80 100
Relative humidity-per cent

Figure 14-1. EMC cueves for tabletting material.

Appifcmion of EMC : The EMC curve permits the selection of _the
| e.xperizﬁemal conditions to be used for drying of the product. Drying
" should be stopped' when the moisture content reaches the level of the

" EMC under the exposed conditions. Over drying can be avoided.

4 Fuclors affecting EMC : EMC values vary depending on a number of

factors. '

Nature of material.

(1) Nonporous insoluble solids have an.EMC of practical].}' Zerp. |

- Example 1s talc. s _ |

"(2)' FFor fibrous or colloidal organic substances, the EMC values arc
high and variable. £ .

(3) For porous solids, the EMC values are much higher and variable.

The water may be held in fine capillaries that have no access to J
the surface. The dissolved solid may reduce the vapour pressure. |

- and water may be molecularly bound.

« /f'Nature of air: * . W |
(1) For air of zero humidity, EMC of all materials 1s zero._

by the moving air stream.

(2) As the temperature of air increascs, the EMC of solid decreases. . |

EMC of solids is a constant for a given tempcratur'e and humidity ::])f
~air. If the equilibrium curves (Figure 14-1) are continued up .to .1 00%
RH. the moisture content sO obtained (EMC with saturated air) is }he |
" least moisture at which the material can exert a vapour prcgsure as high
as that exerted by liquid water at the same temperature.
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/Frec mol content (KMOQC) : Free moisture content (FMCQC) is the

ampunt of water that is free (easy) to'eva orate_ . surtace,

Under the conditions of saturation humidity (100% RH), the EMC is
the minimum moisture content. Under these conditions the water must

be bound water which is minimum at that temperature. The remaining is
unbound for which the FMC for a given condition can be written as:
. - v ; _ Z

_ s . , i
Free moisl’ureMM(: = tot . DR s
e ( " ) = total water content — equilibrium

. moisture content (EMC)
" - . . e SRR TN e s g h=
The distinction between free and. equilibrium moisture depends on

the drying conditions.

“Relationships .
Rate relationships can be studied by considering a sim;ﬁle model,
which mimic the conditions of a dryer. In this model, wet slab of
material of sufficiently high moisture content to be dried is placed in a
tray whose bottom and sides are insula;ed. The air 1s blown over the
:c.olid under constant drying ctmditions (air velocity, temperature, humid-
Ity and pressure are maintained constant). The superficial water diffuses

through the surrounding stationary air film and is carpied away rapidly
: 0 | W sy - d

Periodically the slab is weighed. The difference .in the welghts of
two successive periods gives the loss of moisture content, i.e., amount
dried. - The moisture present in the solid can be expressed on a wet

~weight or dry weight basis. Theii the following calculations are made:

mass of water in le (kg): .
26 Loss on drying (LOD) = — woionl eJ e) x 100

total mass of wet sample (kg)

mass of water in s le (ke
7 Moisture content (MC) = ——— a—————-—-—-——-—mp o x 100
- _ . massof the dry sample (kg)

-

:rT :.."" F:
' L ; N i+ L
.

- . U7 weight ofwater in sample (kg)
Drying rate = — : — 'p_;e (i( g)-—--—-
time (h) x weight of the dry solid (kg)

Drying rate is plotted against the midpoints of the time period.

.Similarly midpoints of the moisture content values can be plotted.

From the data obtained by the above experiment, a graph is plotted

by. taking FMC on x-axis and drying rate on y-axis. The curve' so
obtained (Figure 14-2) is called drying rate curve. It represents different
changes during drying as explained below, | ey

/
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Figure 14-2. FMC curve. _ 4

period.. During this period, the solids absorb heat and the
~temperature increases. At the same time, the moisture begins _t_o
' évapbrate and thus tends to cool the drying solid. . A fter some
time, the temperature stabilises (heating and cooling rates be-
come ecqual). This temperature is equal to the ‘vet bulb
temperature :of the drying ‘air and is referred by the point B._

Evaporation

Initial - AL eq'uilibn'um.r
adjustment rate of heating
. .penod = rate of working
Temperature Temperature
Increases decreases

(2) The time corresponding to BC represents the constfant rate ~
period. The temperature remains constant and rate of drying is 8

"he time corresponding to AB represents the initial adjustment®

constant. The moisture evaporating from the su_rface;- is replaced
by the water diffusing from the interior of the solid.’ T he rate of
diffusion is equal to the rate of evaporation. The moisture

content at the end of constant rate (point C) isw il
Fiticgl moisture cortentL .

e """---.‘,'

If the drying is carried above ‘the level of CMC, only

n
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Hot air

Evaporation

Constant
rate

Rate of evaporaﬁan
period

= rate of diffusion

‘ . - ‘e
Diffusion

(3) Theﬁ time corresponding to CD represents the first falling rate
period (or unsaturated surface drying). During this period, the

__ sur_face water is no longer replaced at a rate fast enough to
maintain a continuous film on the surface. -Dry spots begin to
appear and the rate of drying begins to fall off, 'uThé'point Dis
referred to as the second critical point. At this'poir‘]t the film of
surface water is completely evaporated. ik '

Dry spots

'?- 2 :Q:: "

Evaporation
Hot air \) &- / |
First fai!ing - ,__‘_:_:rm o o Rate Qf ev_gparqﬁon .
rate period "‘#i““ -2 24§ > rateof diffusion

o S8 N THS
‘u g,..:}' .'-,"-..' .

Diffusion

¢

(4) The time corresponding to DE represents the second falling rate
period. During this period, the, rate of drying falls even more

rapi_dly than the first falling rate. During this o thetale -

drying is dependent on the rate of diffusion of vapour of mois-

ture to the surface of tliewsolid. Point E is o Sl iheq
- equilibrivth moisture content. _ Ebe e e Tt

Hot air‘ 2

Rate of drying x

rate of diffusion -

of water vapour

(3) Eeyond E, the drying rate is equal to zero. Thfe';gfﬁ'ore, tempera-
‘ture and moisture content remain constant. Beyénd, E, continued
drying is waste of time and energy. | i

rate period

The.curves may have different shapes for different levelsf.-.of, ﬁidisture.

L

constant rate

%

=

e
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Construction : The construction of a tray dryer is shown in Figure

14-3. It consists of a rectangular chamber whose walls are insulated.
Trays are placed inside the heating chamber. The number of trays may

vary with the size of the dryer. Dryers of laboratory size may contain a -
minimum of three trays, where as dryers of industry size may contain
more than 20 trays. Each tray is rectangular or square and about 1.2 to
2.4 metres square in area. Trays are usually loaded from 10.0 to 100.0
millimetres deep. The distance between the bottom of upper tray ar;d
(upper) surface of the substance loaded in the subsequent tray must be
40.0 millimetres.

Alternately the trays can be placed in trucks on wheéls Which i be?
rolled into and out of chamber. Two such trucks can be arranged inside

period occurs. If the drying is started for the material whose, initial
moisture. contcnt 1s less than CMC thcn falling ratc perlod occurc;/

CLASSIFICATION OF EQUIPMENT

The classification based on the method of solids handling 1s morc

suitable when special attention is given to the nature ‘of matenal to be
dried. Dryers are classified as given in Table 14-1.

_ TABLE 14-1 ]
Clgssification of Drycers—Mechanism,
es, Advantages and Disadvantages

Tape of drier Examples . Advantages ., Disadvantages . . drycr.  Dryer is fitted with a fan for circulating air over the trays.
* _and mechanism - % lé . 8 Electrically heated elements are provided inside (rather than outsxde) to
Static Bed Dryer /@d\f(o . ¥ heat the air (steam also can be used as it is cheaper) In the corner of the
Systems in which there 1s "{1)' drycr Attrition is not Only a fraction chamber. direction vanes (not shown in Figure 14-3) are placed to direct
no relative movement and frceze  obscrved of{the solid air 1n the expected path. '
among the solid particles dryer | o particlcs i3 |
being dried, although there | | dlructly 'Eipoqa,d
“may be bulk motion of the | - |
entire drying mass. ;,; Trays
Moving Bed Dryer : ) i (2
~Sy stcf{q in uhlzh the /ﬂm The entire mater- v Attrition is 4 bl ;
drying particles arc dryer + aal IS continuous- possible ﬁ i ‘;
partially scparated so that ‘ly exposed to _ i / _
th} {low over Lach other | ¥l :Eat sourffm g B J % A g
f FIUIdISEd Bed Dryer g5 ' N i _ 718 outlet
Systems in which the solid "Ffldm,d Solid-gas contact yAftrition of { Alr %
particles arc Enrtmllz bed dryer Ts excellent,  particles takes | inlet <— Fan
suspundcd In an UpW'lrd _ uniform drying ~ place ~ | s
movmg heated gas System G i | i vl SCme iV
Pneumatic Dryer 8 e ' i ' - f Flglireglﬁzt-ii Tray dry '. /
Systems in which drying M/"%'pr'i} ‘/{fﬁcicnt and * A ’ r)cr T |
particles are entrained dryer rapid drying ' ) - Workmﬂ : WEI solid is loadedng,t:m T!'a:{S are Elaced 5 th
and conveyed at a high | B T as chamber. Fresh air is introduced through inlet, which passes through the
s sl s : skt i A Deaters and gets heated up. The hot air is circulated by means of fans at
| e 2 to 5 metre per second. Turbulent flow lowers the partial vapour
CQUIPMENT ' : pressure in the atmosphere and also redices the thickness of the:air
AY DRYER ' i '~ boundary layer. The water is picked up by air. As water evaporates
Principle : In tray dryer, hot air is continuously cnrculated Forced rom the surface, the water diffuses f'mlihﬁ—imﬁﬁﬂlﬁﬂﬁﬂl@b_y
.convection heating takes place to remove moisture from the solids ' | w These events occur in a single pass of air. The time of

placed in trays. Simultancously. the moist air is removed partially. . | _ ﬂ )
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contact is short and the amount of water picked up in a sin;_,lc pass 1S
small. Therefore the discharged air to the tunc of 30 to 90% is

circulated back through fans. Only 10 to 20% of fresh air is introduced.
Moist air is discharged through outlet. I‘hus constant tecmperature and

.,_—l-'l-'-l-—

un\,form alrﬂow over the material can bc m..lmt'um.d for ach:wm[:,

© Ch-14 DRYING f.

A{U HRYBER OR ROLLER DRYER

.

& ey

In case of wet granules (as in tablets and cap‘;u]eq) drying is contin-

ued until the desired moisture content is obtained. At the end of drying,
trays (trucks) are pulled out of the chamber and taken to a tray dumpmg

station.

/Jses : Stlcl\y materials,, plastic substances, granular mass or crystal-
ine materials, precxp:tates and p'lStES can be dried in a tray drycr. Crude

| d]gs chemtca]s powders tablet gmnulc% or parts of ecquipment_arc

“dried.

“In tray dryer, handling of materials (loading and

)A\dvantaﬂes :
/\D/uoiéadmg) can be done wnthout Iosqes/

Tray.dryer is opgrated b’ltCh wise. Batch drying 1s used cxten-

A S B ey

sively in the manufacture of ph'lrmacr.,ulwals for the following

ach batc:h of mater:al can be handled as a separate entity.

(b he batch sizes in the phqrmaccutlcal industry are rclatively
small (250 kg or less per batch) compared with the chemical

industry (1000 kg or more per hour).
(c) The same equipment is readily adjusted for use in drying a
wide variety of materials. ' '

/ (d)- Valuable products can be handlcd efficiently.

lsadvantages Tray dryer requires more laboux’w load-and unlead.

Hence, cost mcreases The process 1S tlme consummg e

Vanants : Tray drycr may be operated undcr vacuum, often with
indirect heating. This is done in special vacuum “tray dryers for drying
vitamins and othcr heat- sensntwe products.

Tunnel dryer : In this type, trucks are loaded with wet material at one

end of the tunnel. The tunnel comprised of a number of units, cach of

which is electro-statically controtled. The solids gct dr:cd and " the
product is discharged at the other end of the tunm,l

"
3 .

LS
I -
3 ==

L e
4
b.._r.

ilm Drum! Dryer)
Prmc:plc : In drum dryer, a heated hallow metal drim rotates on its

“longitudinal axis, which is partially dipped in the solution to be dried. .
The solution is carried as a 1 film on the surface of the dryer and dried to

. form a layer. AHSUIt’lbIC l\m&, scraps the dried matt.rlal whllc the drum

Sl T

s rotating..— '
b _ ==, - Driedfilm

or—"" P

Heated
drum

Figure 14-4. Drum drycr.

m‘untion . The construction of a drum dryer is shown in Figure
14-4. It consists of a horizontally mounted hollow steel drum.of 0.6 to

3 0 metres diameter and 0.6 to 4.0 mctres length, whose external surface
is smoothly polished. Below the drum, feed pan is placed in such a way
that the drum dips partially into the feed. On one side of the drum a
spreader is placed and on the other side a doctor's knifc is placed to
scrap the dried material. A storage bin (or a convcyor) 1S placed
LDHHLLIIH}D the knife to collect the material.

: wkl% Steam is passed inside the drum. ‘Heat transfer cocfficient
of\ttc d

rum metal is high. Drying capacity is directly proportmnal to the

surface arca of the drum. Heat is transferred by ‘¢onduction to the

material. Simultaneously drum is rotated at a rate of 1-10 revolutions
per minute. The liquid material present in the feed pan adheres as a thin
layer to the external surface of the drum' during its_rotation.. The
material is completely dried during 1ts ;ourne\f in qlwhtl) less than one
rotation (i.e., from one side to another side”of the drum). The dried

material is scrapped by the. doctor's kriife, which then falls into a storage
bin. The time of contact of the material with hot metal is 6 to 13-

(] . _1 S+ - -

seconds only. Therefore, proca.ssmg condmem such as tllm ‘thickness,

u-i""

steam temperature are closely controlled.

Lha. = -
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. v '0-0/’ - | o 5 By
Uses : Drum dr}’Cf 1S used fOl’ drylng, SQlutlons slurrles suspcﬁrﬁzons Ch-14  DRYING _ | >

s TrLR) e i -._.__“_ SR

more). An inlet for hot air 1s placed in the roof of the chamber. A nother

suspensions of zinc oxide, suspens;on of kaolin, yeast, p:gments malt ;
inlet carrying spray-disk atomizer is set in the roof(shown in Figure 14-

¢xtracts, antibiotics, glandular extracts, insecticides, DDT, calcium and

barium carbonates. . N - 5). The spray disk atomizer is about 300 mllhmctrcs m dmmctcr and
i i " rotates at a speed of 3,000 to 50.000 revolutions per minute. Bottom of
Advant,ages : (1) In drum dryer, drying time is less, only a few b the drver is connected to a cyclone separator. S
/ seconds Therecfore, heat sensitive materm]s can be dried. ' : ' . '.z

Tangential air inlet Vapour

T .

(”) Drum dryer occupies lcss space, as it is compact when compared L

1 f d
to spray dryer. _ b — Liquid fee

(3) As a thin film of liquid is formed on the - Jarge heating surface,
rates of heat transfer and mass transfer are high. .

i Pt .
VAtomiser

(4) The product obtained is completely dried and is in the final Drying s 4—-C-:ycloln.e
form. . chamber ol y ~ separator
J_ Disadvantages -ﬂ‘() Maintenance cost of a drum dzycr s higher than r . i ﬂ .I .
f _ spray dryer. .
) Skilled operators are essential to control feed rate Flm thick- o | 5 . ?
ness, speed of rotation and temperature. :; '
3) r'ﬁkls w for solutions of salts with less SO]Ublllty 8 e Dry product
Variants : A vacuum drum dryer encloses both drum and feed line in o _  | 2 rak . .
a vacuum chamber to facilitate drying of heat sensitive materials.. [t is f *‘ 4 ' Fighre hioo. Spiey fryes: ;
suitable for drymg of drugs susceptible to omdatlon and to recover . V/orking : Dryma of the rntenal in spray drycr mvo!»cs 3 stagcs
solvents. | . (l) Atomization of the liquid.
[n a large scale, instead of one drum, two drums are set in parallel, (2) Drying of the liquid droplets.
rotating in opposite directions with a common feed inlet. The feed can !tj. (3) Recovery of the dried product. |
be introduced on to the %elther by spra}’lng* it on the top or by 4{'03}”-:&'”0” of the liguid to form liguid droplets : The feed s

introducing from the bgttom.
| i introduced through the atomizer either by gravity or by using suitable

SP-R"A{ DRYER . pump to form fine droplets. The properties of the final product dcpcnd
b4 8 4] il on the droplet torm. hence. the seclection of the type of atomizer is

Principle : In spray dryer, the fluid to be dried is atomized into fine important. Atomizer of any type: pneumatjé atomizer. pressure nozzle

droplets, which are thrown radially into a moving stream of hot gas. and spinning disc atomizer'may be used.
The temperature of the droplets is immediately increased and fine drop- |

f :
lets get dried instantaneously in the form of spherical particles. This e The rate of feed is ad_mslcld In s;xch a Tl/w :‘h:;t tl:jc dropl;.}ii;otld it
» 1 ‘ { alls ryin ampe
process completes in a few seconds before the droph,ts reach the wall of | CO”“PILtLI}f dried before reaching the walls ol the drying
* the same time, the product should not be over heated.

the dryer.

oy

-

Constructmn "The construction of a Spray dryer is shown in Figure 1 - Drying of the liquid droplets . Fine droplets ar¢ dried in tju: ({r} g
14-5. It consists of a large cylindrical drying chamber with a short 1 ~ chamber by supplying hot air through the mlcﬁ/

conical bottom, made up of stainless steel (diameter of the drying _ The surface of the liquid drop is dricd immediately to form 1 “tough

chamber ranges between 2.5 to 9.0 metres and height is 25.0 metres or | shell.  Further, the liquid inside must escape by diffusing through the
' shell at a particular rate. At the same time, hcat {ransfer from outside to
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inside takes place at a rate greater than liquid diffusion rate. As a result,
heat msndg mounts up which allows the liquid to evaporate at a faster
rate. This tendency of a liquid leads to rise in the internal pressure,

which causes the droplets to swell. The shell’s thickness decreases:

where as permeability for vapour increases. If the shell is neither elastic
nor permeable, it ruptures and the internal pressure escapes.

The temperature of air is adjusted in such a way that the droplcts

should be completely dried before reaching the walls of the drying .

chamber. At the same time, the product should not be over heated.

Recovery of the dried product : Centri ugal force of atomizer drives

the droplets to follow helical path Particles are dried during their
journey and finally fall at the conic¥] bottom.

All these processes are completed in a few seconds. Particle size of
the final product ranges from 2 to S00 mm. Particle size depends on
solid content in the feed, liquid viscosity, feed rate and disc speed.
.Spray dryers of maximum size have got evaporating capacity up to
2000 kg per hour.

/Usc§ ~Spray dryers are used compulgorily, 1f:
(1Y The

roduct is a better form‘than that obtained by any other
ryer. SR 1

The quantity of the material to be dried is large.

(3) The produ'c-t Is thermolabile, hygroscopic,or undergoes chemical
decomposition. , |

Atfe\'y’ products that are dried using spray dryer are:

acacia . Chloramphenicol . gelatin plasma
adrﬂ?nalifw “succinate - hexamine serum
bac_uracm citric acid.. hormones s0aps
barium s_ulphatf: coffee extract lactose sodium phllos-.
blood detercents - methyl cellulose = phate
bor-.ax ) dextran ' - milk starch
bgr:f: acid extracts pancreatin sulphur’
calcium sulphate ferrguis sulphate penicillin VacCines « .

fruft juices pepsin - vitamins

I ycast

- ‘dv' ntages : pray drying is a continuous process and drying is
: : ' : - - - I : i
very rapid. Drying completes within 3 to 30 seconds.

Labour costs are low as it.combines the function of an evapora-
tor, a crystllizer, a dryer, a size reduction unit and a classifier.
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(3) By using suitable atomizer, the product of uniform and controlla-
* ble size can be obtained. Free flowing product of uniform
spheres is formed which is very convenient for tabletting process.

(4) Fine dmplets' formed provide large surface area for heat and
mass transfer. Product’shows excellent solubility. '

(Sf Either the solution or suspension or thin paste can be dried in
one step to get the final product ready for package. )
M('It s suitable for the drying of sterile products.
T = lt i oiacih W :
WRcconstituted product appears more or less similar to the fresh
material.

(8) Globules of an emulsion can be dried with the dispersed phase
inside and layer of the continuous phase outside. On reconstitu-
tion, the emulsigfi will be formed.

isadyantages ng¥) Spray dryer is very bulky (height of 25:0 metres
~ /and diameter of 9.0 metres) and expensive. |
Such a huge equipment is not always e'aS){ to ::lggrate.

(3 The thermal efficiency is low, as much heat is lost in the
~discharged gases. -

~ Variants : (1) Spray dryer can be constructed in such a way as to suit.
sterile products.

(2) It can be operated under closed conditions to recover solvents.
(3) It can be operated under oxygen free environment.

(4) It can be constructed in such a way that the flow of liquid and
gas may be co-current, counter current or a. combination of both
in the same unit. ' e '

y e - *Lm

(5)- The spaf ipment can be used for spray congealing.’

ISED BED DRYER (FBD)’ X
Principle : In fluidised bed dryer, hot air (gas) is passed at high

pressure through a perforateid«bottom of the container containing gran-

ules to be dritd. The granules are lifted from the bottom and suspended

in the stream of air. This condition is called fluidized state. The hot

~ pas is surrounding every granule to completely dry them. Thus, materi-

als or granules are uniformly dried.

Construction : Two types of bed dxiyers are aﬁvaillablez vertical fluid
bed dryer and horizontal fluid bed dryer. '
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The construction of a vertical fluidised bed dryer is shown in Figure | WY, BT F ATy H e
[4-6. The dryer is made up of stainless steel or plastic. A detachable
bowl 1s placed at the bottom of the dryer, which is used for charging and
discharging. The bowl has a .perforated bottom with a wire mesh
support for placing materials to be dried. A fan is mounted in the upper
part for circulating hot air. Fresh air inlet, prefilter and heat exchanger
are connected serially to heat the air to the required temperatures. The

temperature of hot air and exit air are monitored. Bag filters are placed
above the drying bowl for the recovery of fines.

Inlei ?utlet (’“ )

[luidised state. The gas surrounds every granule to completely dry them.
The air leaves the dryer by passing through the bag filter. The entrained
particles remain adhered to th¢"inside surface of the bags. Periodically

e

the bags are shaken to remove the entrained particles. .

Intense mixing between granules and hot gas provides uniform con-
ditions of temperature, composition and particle size distribution. Drying
“is achieved at constant rate and falling rate period 1S very short. Any
attempt 1o increase the air velocity may result in entrainment. |

The residence time for drying 1s about 40 minutes. The material is

left for some time in the dryer for reaching ambient temperature. ‘The
bowl is taken out for discharging. The end product is free flowing.

Fan

/Uses : Fluidised bed dryer is popularly used forﬁdr"ﬁ;gofgranules in
1 the production of tablets. Fluidised bed dryer can be used for three
Recirculation . operations such as mb;f;_glg, granulation and drying. It is modified for
control ; coating/of granules. e il
Filter ' - o e
Air bags dvantages WFluidisgd bed dryer requires less time to complete
heaters b | - drying_.. i.c.,_ 20 to 40 minutes corn_pared to 24 hours of tray dryer.
* i Handling time is also short. It is 15 times faster than the tray
t?etalchabl? j | dryer. .
oW . : : : ; : : f' ; : g
" &)/t is available in different sizes with the drying capacity ranging
Fluidised - L . 5 : ' .
colids : a from 5 to 200 kg per hour. -

(3) The drying containers arc mobile, making handling simple and
reducing labour costs. 9y

l
:f )" The thermal efficiency is 2 to 6 times than tray dryer.

- ‘Figure 14-6. Fluidised bed dryer. ] : t is also used for mixing the ingredient;s and its mixing efli-
Working : The wet granules to be dried are placed in the detachable . ienicy.Is alse high. - -

bowl. The bowl is pushed into the dryer. Fresh air is allowed to pass [
through a prefilter, which subsequently gets heated by passing through a J
heat exchanger. The hot air flows through the bottom of the bowl. . N (7)

- Simultaneously fan is allowed to rotate. The air velocity is gradually
increased. -

(6) Hot spots are not observed in the dryer, because of its excellent
mixing and drying capacities. - b

Higher drying temperatures can be used that are not possible in

tray dryer and truck dryer.

i | (8) [t facilitates the drying of thermolabile substances, _'sincé_ the
When the velocity of the air is greater than settling velocity of A " contact time for drying is short. IR

~granujes, the granules remain partially suspended- in the gas stream.
After some time, a point of pressure is reached at which frictional drag
. on the parlicles_ispcqual to the force of gravity. The granules rise in the . e g 3 : Gl : -

container because of high velocity vas (1.5 to 7.5 metres per minute) and e i mov:::mcn.t - -mdmdual pgrtlcles e X - Ao
. later fall back in a randomWMon 1s said to be 1 soluble material migrating as may occur in static beds.

1* (9) It can be used either as batch t}ipé- or continuous type.
; - (10) It has a high output from a small floor space. _

A
b



400 PHARMACEUTICAL ENGINEERING | |
__ 1 *Ch:ld4  DRYING . 3 sk

: : ; Lt i |
The material to be dried is spread on trays, The trays are

~ placed on the sh¥ves. Pressure is decreased up to 30 to 60 klloEaseal
; ‘_ by means of a vacuum pump. Door is closed firmly. Steam or hot air is

supplied into the hollow space of jacket and shelves, Heat transter by
conduction takes place. At.this vacuum, u'aporatlon of water
from the material takes place at 25-30°C, fon account of lowering

of boiling point. Water vapour Passes mto the condcnscr where conden-
sation takes place. - | -

/D‘Jilsadvantages Many orgamc powders develop electrostatic charges 1
(mf__, drying. To avoid this, efticient electrical earthmg of the dryer 1s \Vorlﬂnu
essential.  The turbulence of the fluidised state of granules may cause ]
attrition of some materials resulting in the production of fines. But

using a smtable binding agent this problen) can be solved. Fine particles
may become entrained and must be collected by bag filters.

Variants : Plug flow dryer : 1t is a rectangular fluid bed dryer havi;‘lg
different compartments for fluidisation. The material is made to move

" from inlet through different compartments to outlet. Different drying'
conditions can be maintained in the compartments. Often the last
compartment is fluidised with cold gas to cool the solids before dis-
charge: ' ' h

At the end of the drying, vacuumfliee is discbnn}éted. The material
is collected from the trays. . | :

. /Uses : Vacuum dryer can be used ‘for drying of the following:

VACUUM DRYER &/ Heat sensitive materials, which undergo decomposition.

Prmcnple : In vacuum dryer, materlal 1s dried by the application of
‘vacuum. When vacuum is created, the pressure is lowered so that water

boils at a lower temperature. Hence, water evaporates faster. The heat
transfer becomes cfficient, 1.e., rate of drying enhances substantially.

(27” Dusty and hygroscopitihaterials.

WDrugs containing toxic solvents.” These can be separated into-
closed containers. "

(4) Feed containing valuable solvents. These are recovered by
condensation.

o

&

@‘?‘ Drugs which are required as porous end products.
(ﬁ Friable dry extracts.

0 —

=9

<— (ondenser

/Ad\’antages (;()\ Vacuum dryer provides large surface area for heat

.

e e e al

g transfer.
Steam i t/}
or water Connection to Handling of the matcrial, trays and equipment is easy.
jacket — vacuum pump (\j\lt is casy for switching over to the next materials.

«— Condensate
recever

MHot water of desired temperatures can be supplied.
(5) Electrically heated hollow shelves can be used.

Figure 14-7. Vacuum dryer.

Construction : The construction of a vacuum dryer is shown In
Figure 14-7. It is made of a cast iron heaquacketed vessel. [t 1s so
strong that it can withstand high vacuum within the oven and steam
pressure in the jacket. The enclosed space (approximately 1.5 metre

~cube) is divided into a number of portions by means of 20 hollow
shelves, which are part of the jacket. These shelves provide larger
surface area (about 45 to 50 metre square) for conduction of heat. Over
the shelves, metal trays are placed for Keeping the rnaterial. The oven
door can be locked tightly to give an air tight seal. The oven is
connected to a vacuum pump by placing condenser in between.

= /Disadvantagcs : (1) In vacuum dryer, hez‘l;_zransfer cocfficients are
low. al '

&

(2) It has a limited/gapaeity and used for batch process.

(3) It is more expensive than tray dryer. Labour and running costs
are also high.

(4) Somctimes, there is a dmger/f\over heatmg as the material 1s In
contact with steam heated surface for longer period.

'FREEZE DRYER

Freeze drying is also known as lyophilization, 1.e., system 1s made
' : N ——— e Ee—— . i
solvent loving for removing the same.
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Principle : In freeze drying, water is removed from the frozen state

by mTc%n, l.e., dircct change of water from solid into vapour
without conversion to a liquid phase. Solid-liquid-vapour equilibrium
phase diagram of water is useful to decide the experimental conditions.
The drying i1s achieved by subjecting the material to tempcerature and
pressures below the triple point.(in practice, below cutectic temperature -
is essential). Under these conditions, any heat transferred is used”as
latent heat and ice sublimes directly into vapour state. The water vapour
is removed from the system by condensation in a cold trap maintained at

a temperature lower than the frozen mat*crial.//

Construction : The construction of a freeze dryer is shown in Figure
14-8. It consists of:

(1) Drying chamber in which trays are loaded.

(2) Heat supply in the form of radiation source, heating coils.
(3) Vapour condensing or adsorption system.

(4) Vacuum pump or steam ejector or both.

Heat transfer
Frozen - fluid manifold

Y substance .
* Isolation |
valve_ |

To vacuum

3
~, >/
Door @
\_,l
- Refngerant
Heated
shelves

Chamber Condenser

Figure 14-8. Schematic diagfam of [reeze dr}'cr.

‘The ,chamber for vacuum drying is generally designed for batch
operation. It consists of shelves for keeping the material. The distance
between subliming surface and condenser must be less than the mean
path of molecules. This increases the rate of drying. The condenser
consists of a relatively large surface cooled by solid carbon dioxide

slurred with acetone or ethanol. The temperature of the condenser must
be much lower than the evaporated surface of frozen substance. In order

to maintain this condition, the condenser surface 1s cleaned repeatedly.
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Working :

SlEDS,
. . (1) Preparation and pretreatiment

The working of freeze dryer consists of the following

- (2) Prefrsezing for solidifying water

43) Primary drying (sublimation of ice under vacuum) .
| Mccondary drying (removal of residual moisture under hxgh-'

1...
¥

vacuum) e g e

b ' (5). Packing

o Preparation and pretreatment . The volume of solution mtroduccd

into the container is limited by its capacity.” Satasfactory freeze drymg_

beyond .a_certam limit of depth of liquid is not possible. “Therefore

pretreatment is essential. The solution is pre-concentrated under normal -

| ' vacuum tray drying. This reduces the actual drying by 8 to 10 times..

The final product becomes more porous. Liquid or solid desiccants are
also used for this purpose. ~ ' -

- Preficezing to solidify water-: Vials, ampoules or bottles in which the

aqueous solution 1s packed are frozen in cold shelves (about -50°C).

During this stage, cabinet is maintained at low temperature and atmos- -

. pheric pressure. The normal cooling rate is about J to 3 Kelvin per 4
minute so that large ice crysta-!s with relatively large holes are formed on-

sublimation of ice. This i1s also responsible for giving a porous product.

Primary-drying (sublimation of ice under vacuum) : In this step, the
materiai to be dricd is spread ,as much large surface as possible for

sublimation. The temperature and pressure should be below the triple

point of water, 1.e., 0.0098°C and 0.533 ki lopascals (4.58 mmHg) for '
| the sublimation, when water alone is present

P

A - When asolution of solid is dried, the depression of freezing point of
: water occurs. Hence, it is essential that the temperature be brought
~below the eutectic point.  The pressure .and temperature at which the

" frozen solid vaporises without conversion to a liquid is referred to as the |

eutectic point. Depending on the.drug substance:dissolved in water, the

1

[ |

| - A —————————
’|

cutectic point is determined. The usual range 1s from —10°C to .aO"""C

A iLs ‘The condition of 1 to 8 K below eutectic point is sufﬁcmnt

Vacuum is applied to the tune of about 3 mmHg (0.4 kllopascais) on
the frozen sample. The tunpcrature IS lmearly increased to about 30°C

=

1 in a span of 2 hours. | ' - . b

{ Heat (about 2900 kilojoules per kg) is sur;plled Wthh transfers as
| latent heat and ice subllmcs directly into vapour state. The heat controls

the movements of ice layer inwards. It has to be controlled in such a
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Principle : In freeze drying, water is removed from the frozen state

by MH, i.e., dircct change of water from solid into vapour

‘without conversion to a liquid phase. Solid-liquid-vapour equilibrium |

phase diagram of water is useful to decide the expcrimental conditions.

The drying is achieved by subjecting the material to tempcrature and

préssures below the triple point.(in practice, below cutectic tempcrature
is essential). Under these conditions, any heat transferred is used”as
latent heat and ice sublimes directly into vapour state. The water vapour
is removed from the system by condensation in a cold trap maintained at
a temperature lower than the frozen material. //

Construction : The construction of a freeze dryer is shown in Figure

14-3.

[t consists of:

(1) Drying chamber in which trays are loaded.
(2) Heat supply in the form of radiation source, heating cotls.
(3) Vapour condensing or adsorption Systcm.
(4) Vacuum pump or steam ejector or both.

Heat transfer
Frozen | fluid manifold TU vacuum

: substance T

Isolation
valve

i
' >/
Door ' ; s §
_i i i
.~ Refrigerant
Heated
shelves Chambet Condenser

L4

-

Figure 14-8. Schematic diagram of [reeze dr}'cr;

“The -chamber for vacuum drying is generally designed for batch
. operation. It consists of shelves for keeping the material. The distance
between subliming surface and condenser must be less than the mean
path of molecules. This increases the rate of drying. The condenser

consists of a relatively large surface cooled by solid carbon dioxide

slurred with acetone or ethanol. The temperature of the condenser must
be much lower than the evaporated surface of frozen substance. In order

to maintain this condition. the condenser surface is cleaned repeatedly.
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Working :/The working of freeze dryer consists of the following

I—-—u——l———————-

steps.
(1) Preparation and pretreatment
(2) Prefreezing for solidifying water
‘;@) Primary drying (sEplima_tiog of ice under vacuum) .
Mccondary drying (removal of Yesidual moisture under high-
i vacuum) E b 40 VAR L e T
(5). Packing

Preparation and pretreatment . The volume ofiso_lutjonq-introduccd
" 13 The container is limited by its capacity. ™ Satisfactory freeze drying
beyond a certain limit of depth of liquid is not: possible.  Therefore ; -
oretreatment is essential. The solution is pre-concentrated under normal -
vacuum tray drying. This reduces the actual drying by 8 to 10 times..
The final product becomes more porous. ‘Liquid or solid desiccants are
also used for this purpose. ‘ ok,

Prefreezing to solidify water:: Vials, ampoules or bottles in which the
aqumm frozen in cold shelves (about —50°C).
During this stage, cabinet is maintained at low temperature and atmos- -
oheric pressure. The normal cooling rate is about J§ to 3 Kelvin per
minute so that large ice crystals with relatively large holes are formed on-

sublimation of ice. This is also responsible for giving a porous product.

. Primary-drying (sublimation of 1ce under vacuum) : In this step, the
material 10 be aricd is spread ;s much large surface as possible for
sublimation. The temperature and pressure should be below the triple
point of water, i.c., 0.0098°C and 0.533 kilopascals, (4.58 mmHg) for

: . » " . £ : : l - 5 ;i
the sublimation, when water alone 1s present.

When a solution of solid is dried, the depression of freézing point of
water occurs. Hence, it is essential that the temperature be brought

below the eutectic point. The pressure .and temperature at which the

frozen solid vaporises without conversion to a liquid is referred to as the
cutectic point. Depending on the. drug substance:dissolved in water, the
Tutectic point is determined. The usual range is from —10°C to 30°C.
The condition of 1 to 8 K below eutectic point is sufficient.

~ Vacuum is applied to the tune of about 3 mmHg (0.4 kilopascals) on
the frozen sample. The temperature is linearly increased to about 30°C

»m

in a span of 2 hours. - - ,

Heat (about 2900 Kilojoules pci* kg) is supplied which t'rans.feré as
latent heat and ice sublimes directly into vapour state. The heat controls
the movements of ice layer inwards. It has to be controlled in such a
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manner so as to get highest possible water vapour at ice surface without
melting the matenial. As.soon as vapour molecules are formed, these are
removed.” The overall driving force 1s the temperature difference (also
vapour pressure difference) between evaporating surface and condenser.

As the drying proceeds, thickness of the frozen layer decreases and
the thickness of partially dried solids increases. Primary drying stage
~removes easily removable moisture. During this stage, about 98% to
99% water is removed. Still traces of moisture is present in the sample.

- Secondary drying (Removal of residual moisture under high vac uum)
n—-n——-——-—---—-——_"'!
: During this stage, traces of moisture is removed. The temperature of

the solid is raised to as high as(50 to 60°C, but vacuum is lowered below
that is used in pfimary drying (50 mmbg). The rate of drying is very
low and it takes about 10 to 20 hours. |

ity

Pucking : After vacuum is replaced by inert gas, the bottles and vials

are closed.

/Uscs : Freeze dryer 15 most commonly used m the " production. of
dosage forms, such as mjcctlons solutions and su¥pensions. It 1s_used
~for drying of a number of products.

(1) Blood plasma and its fractionated products.
(2) Bacterial and viral cultures.

- (3) Human tissue (arteries and corneal tissue).
(4) Antibiotics and plant extracts.
(5) Steroids, vitamins and enzymes.

Several other products such as food items (prawns, mushrooms, meat
and poultry products), coffee and tea concentrates and citrus fruit juices
are dried.

Advantages : The entire operation is carried out well below the
Aﬁzmg point. This offers several advantages.

“Thermolabile materials (heat sensitive materials) can be dried.

(2) The product retains its bulk volume.
The reconstitution of the material 1s easy.

Q){\Denaturanon does not occur.
() Migration of salts and other solutes does not take place.
MLOSS of volatile material is less. |

(6) Moisture level can be kcpt as low as possible without decompo /

sition.

!'a i

It is porous ‘and uniform.

RN
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(7) Material can be dried in its final contamu such as 5mglc dose
and multiple dose vials.

SY SILHIIW

(9) The tinal product can be stored at-ambient temperature, if well
scaled by providing incrt dllﬂOSphCI‘L

can be mammlmd[

-||'|.

Therefore, the product_ should
be packed in vacuum or using inert gas or in a container

lmpervious to gases.

Disadvantages (\Vf"l he product is pronc to oxidation, due to high
: / PDOrosIty ..md large surface area.

'("f Lqmpmuu and running costs are hlgh

&7 [t is difficult to adopt the m method for solutions containing non-
aqueous solvents.

(\HA The pLI‘IOd of dryméJr s high (rarcly lcss lhan 10 hours). Time
cannot be shortenced.

QUESTION BANK
Cach question carries 2 marks
| Distinguish between drying and cvaporation.
2 Oy suitanle dryers,
(i) Granular free flowing solids
i) Wet bricks before sending to Kilns
(1) Sticky pastes -
(1v) Food products like Horlicks.
& hclune critical moisture content and cequilibrium moisturc content.
<. Define bound moisture and free moisture content.
5. Mention the factors affecting constant drying rate.
6. Classify dryers giving suitable examples. '
7. List the eritical conditions for drying of various substances. |
S. Define drying. Give its importance in the formulation of dosage formes.
9. Lxplain how agitator dryers arc useful to dry. pasty and sludgy materials.

- 10 How do you obtain the rate of drying curve for a given ur)mﬂ opcration?
: Give its applications. . - . s

5 ;
t.ach question carries S marks | 2
=

l. Recommend a suitable drycr for drying the following bubﬁtancu and
substantiate your answer with at lcast two rcasons. .
(D LaOver exlracts

(BB) Granular solids
(C) Pasly materials %

ll"_-a
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(D) Granules of heat sensitive drugs
(E) Vitamin B complex granulces
(F) Colloidal solution

2. Describe the drying rate curve for a nonporous granular solid.
3. Describe the principle with the help of a labeled dragram of fluidised bed
drycr.

4. List the pharmaccutical applications of {reeze drying process. Give salient
- [features of the process.
:

5. Describe the construction and working-of a Muidized bed dryer.

6. Explain the principle of spray drying with suitable labeled diagram.
7. Describe the drying rate curve. Explain its applications.

8. Explain the principle and working of drum dryer.

9. Compare spray drying with drying in a vacuum shell dryer.

10. Explain the factors to be considered in the selection of a suitable dryer.

11, Explain the operation and applications of fluidised bed-dryer.
12. Describe the function of drum dryer and its uscs.
13. Describe the rate of drying curve for a crude fibrous drug.

14. Explain the principle of frecze drving. What arc its applications in
pharmacy”?

15. Compare the operations of spray dryer and tray dryer.

16. Describe the concept of spray dryer. What are its advantages? Comparc
‘the spray drying with other methods of drying.

d
1&“‘
e

Each question carries 10 marks .
-

|. Explain the construction, operational details of freeze dryer. Describe its
applications in pharmacy. .

2 Describe the concept of spray drying. Describe the specific advantages of

~ spray dried product over drum dried material,, Also list the pharmaccutical
applications. | O k |

3. How do you classify dryers? Describe in detail the constant ratc and
falling rate periods. Add a note on critical moisture content.

4. Fbr drying of milk, we can use either drum dryers or spray dryers. Which
dryer will you prefer and why? Discuss drum drycers in detail.

hh

Discuss the construction, wbrking. advantages and disadvantages of spray
dryer. |

6. Explain the theory behind drying and rate of drying with suitable graphs.
' !




