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Distillation

- Theory

General Equrpment for Distillation
Classification of Distillation Methods
Simple Distillation

Flash Distillation

Fractional Distillation

Azeotropic and Extractive Distillation
Distillation under Reduced Pressure
Steam Distillation
‘Molecular Distillation

Destructive Distillation

Compression Distillation

Distillation is defined as the separation of the components of a liquid’
mixture by a process involving vaporization and subsequent condensa-
tion at another place.

The distillation process involves two steps; (a) converting a liquid
into vapour phase and (b) transtferring the vapour to another place and

recovering the liquid by condensation. The feed liquid is known as
distilland. The condensed liquid is.known as distillate or condensate.

[f one component is volatile and others are non-volatile, it is pOSSlble
to scparate volatile components from non-volatile components by distil-
lation. In such cases, distillation is considered as a separation -6t
purification mcthod. When heat is supplied to a mixture, a more volatile
liquid evaporates readily than.the less volatile liquidf As a result, the
condensed liquid consists of a high proportion of highly volatile liquid
‘and less amount of less-volatile liquid.” Therefore, distillation is said to
be partial separation method. The extent of separation is governed by

the properties of the components Javolved and the physical arrangements
uscd for dlSll]laI‘{BI‘l

In practlce it 1s difficult to distinguish three proccsscs namely

cvaporation, distillation and drying. Only workmg definitions help in

differentiating them.
r
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1. Distillation operation is used when condensed vapour is required
as a product

t9

Evaporation operation is used when the concentrated ]qutd
residue is needed as a product. The temperature of the liquid is
maintained below its boiling point. Further vapour is not con-
densed, unless recovery is essential. |

3. Drying operation is used when dried solid residue is required as
a product.

Applications
Scparatlon of volatile oils : Volatrle oils are separated from cloves,

amee seeds and eucalyptus leaves by the method of steam distillation. |

Purification of organic solvents : Normally, srmple dtsttllatton
‘method is used for the purification of liquids having single component
as a major fraction. Simple distillation method is also used for determin- |
ing the boiling range of a liquid as per IP. 1996, as a method to decide |
the purity. Absolute alcohol (100% ethanol) can be obtained by
azeotropic distillation. -

Manufacture of official preparations : Spirit of nitrous ether and |
aromatic spirit®of ammonia are prepared by simple distillation. Distilled
water and water for injection are prepared as per the specifications of
pharmacopoeia by simple and compression distillation methods.

Refining of petroleum products : In the petroleum industry, the
_crude oil is refined into different fractions using flash distillation. Each
raction is a multrcomponent system Examples are petroleum ether 60

80 etc. | . .

Rccovery of solvents : Solvents are used for extraction of drugs
from plant parts and synthetic reaction mixtures. These solvents must be
recovered, in order to prevent environmental contamination. The recov- ‘
ered solvent may be recycled for further use.

| Quahty control methods : Distillation method is used for determin-
mg alcohol content in liquid, dosage forms such as elixirs, as per IP,
1996. Azeotropic distillation ‘method is used for the determination of

water content in a substance using toluene according to 1P, 1996.

Separation of drugs obtained from plant and ammal sources :
Drugs of natural origin (such as plants) are nonnally extracted using
maceration or percolation methods. The menstruum (solvent) used for
e\:tractton s distilled off and the active constituents are separated. For

L)
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example, vitamin A 1s scparated from fish liver oil using the method of
molecular distillation.

Purification of drugs obtained from chernical 'proeeSs : Man)t
chemical processes involve the conversion of raw materials into prod-

ucts. The products are separated from the reaction mixture and punf'ed
using the methods of distillation. ol

In order to handle distillation effectively and cconomically, it 1s

. necessary to understand the theory behind this process: Several vari-

ables are involved in the process, which are often interrelated. Theory
includes the understanding of different factors influencing the distillation
process. The laws of conservation of matter and conservation of energy
have to be applied. This chapter deals with the theory, methods and
types of equipment involved in the distillation process.

THEORY

Distillation 1s a process of separating and purifying the com'pone‘:ﬁts
in a liquid mixture. The primary data requnred to solve any distillation
problem are vapour-liquid equtlrbrtum relationship. Distillation method

depends on the relative volatilities of the components present in the
mixture. Some of these aspects are discussed below.

When two liquids are mixed together, they may be miscible with

cach other in all proportions. ‘8tth miscible liquids are known as bmary
mixtures of liquids. !

Examples of binary mixtures are ethyl alcohol and water, ‘water and

acetone, benzene a_nd carbon tetrachloride. It is essential to understand
' theories of ideal and real soiutions (non-ideal).

‘ [deal Solutions

Ideal solution is defined as the one in which there is no change in the

properties of the componemts other than dilution, when they are mixed to
form a solution. '

Heat is ncither absorbed nor evolved during mixing. The final
volume of the solution represents the additive property of the individual
constituents. Example is methano! and water which have similar prop-
erties. Idcal solution theory provides a model system to which real or
non-ideal solutions can be compared. ldeal solutions are characterised

by one of the important physicochemical properties of liquids namely
vapour pressure.
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Raoult’s Law " Dalton’s law is hathematicallv expressed as:

Raoult’s law expresses a quantitative relationship between the con-
centration and vapour pressure. ' '

~ Raoult’s law states that the pamal vapour prcssure of' cach volatile
constituent is equal to the vapour pressure of the pure consutuml
multiplied by its mole fraction in the solution at a given tcmperaturc.

~ Since the solution is homogeneous by definition, the relative num-
bers of componcnts on the surface reflect the numbers of these
compone,nts in the whole of solution. These numbers can be cxpresscd
on mole fract:on scale.ﬂ Thus Raoultﬂs law 1s. appmprlately suited to
describe an ldeal solution.

Consider a mixture of mlSCIblE liquids A and B. In this mixture:

“Let partial vapour pressure exerted by A = py kPa.
~ Let partial vapour pressure cxerted by B = pp kPa.

Total vapour pressure = partial pressure of A + pam.al pressure of B
" Pr'*‘PB w & s 3)

Substituting cquations (1) and (2) in cquation (3) gives
rie PAKA”LPBX 7 R (4)

~ Their properties are additive. the total vapour pressure of the
mixture is the weighted average of the vapour pressures of pure indi-
vidual constituents. This behaw’our is shown in Figure 11- la The
following conclusions can be drawn from Figure 11-1a. e

— The partial pressure of the component varies lincarly from zero to
full vapour pressure as the mole fraction varies ffom zero to one.

_— The total pressure exerted by the system at a particular cmnpqm-

Let vapour pressure exerted by the purc component of A = p®4 kPa. tion is equal to the sum ofthe partial pressures of its components.

Lct vapour pressure exerted by the purc component of B = p% ;I\Pq
"Let mole fraction concentration of liquid A = A |
Let molc fracuon Lonccmratmn of liquid B = X}

"&

Apphcatmns . According to an ideal solution, the component having
relatively greater vapour pressure will be distilled first. This prmmplc 1S

used in simple distillation.
Raoult’s law may be mathematacally PXpI‘ESSCd as:

o ro
Partial vapour pr essure = vyapour pressure x mole fraction k. I k.
of a liquid of pure liquid of the liquid | 3 - 0
Pa = PaXe oy 2 % 2
o pg = plpAp 43 e el i.. §_ = §_
S Q o

- A mixture of ethylcne chloride and benzene obeys Raoult’s. law. | " E e _

When two liquids are mixed, the vapour pressure of each onc 1s reduced 108"{;}2 ompa logzng 0% A C tion 1009 A N e
by the presence of other to the extent of dilution of cach phasc s “ n 100“,: ] e Ou/: 3 s -- e
Ideal solution is defined as the one that obeys Raoult’s law. Raoult’s | 4 B - s
l i e l R l . r ly 4 osilde. - Tl | (a) ldeal.curve- (b) Positive deviation (c) Negative deviation
aw Is obeye Y ODYY. & 1CW: 50 utions of liqul in liquids. s ; Raoult's law from Raoult’s law from Raoult’s law

solutions are also known as ‘perfect’ solutions. The components of
these solutions have a similar structure. Examples arc benzene and
-tolucne n-hexane and n-heptane, ethyl bromide and ethyl 1odide. The
individual components do not have interaction of any kind or complete # Real Solutions ]

umform:ty of atlractwc forces is observcd | - | B Most systems show varying degree of deviation from Raoult’s law,
' | depending on the nature of the liquids and the tcmperature These
' solutions are known as real solutions.

Deviations arc observcd because solute-solute, solvcnt solute and
solvent-solvent interactions are uncqual. Examples include mrbon tetra- -
chloride and cyclohexane, and chloroform and acetone Mutm]

Figure 11-1. Vapour-composition diagrams
for different liquid-liquid systems.

Dalton’s Law Y '

Dalton’s law of partial vapour pressures states that the total pressure
exerted by a mixture of ideal gases may be considered as sum of the
partial vapour pressurc. exerted by each gas, if alone were present and

occupied the total volume.
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in;cl'acti_ons lead to either lowering or enhﬁhcing' of the va
of the mixture with respect to i1deal behaviour., "

;Thésc.arc described as follows.

pour pressure

Positive deviati'on : In some liquid systems, the vapour pressure is
greater than the sum of the partial pressures of the individual compo-

| , ¥ i | s :
nents. Such systems are said to exhibit positive deviation from Raoult's
law. '

~Examples incl.ude carbon tetrachloride and cyclohexane, benzene and’
ethanol._ The typical behaviour of such a Ssystem is shown in Figure 11]-
Ib. This type of behaviour occurs when the components differ in their

polarity, length of hydrocarbon chain and decgree of association. The .

_degree of deviation from Raoult’s law decreases as the lemptérzi?'ure
Increases, sin_ce the differences in the nature of compohems are reduced
at higher temperatures. Conversely a decrease in temperature may lcad
to a decrease in miscibility of two components and phase separation.

Negative deviation : In some liquid systems, the vazpour préssurﬂ 1S
lower than that of the sum of the partial pressures of the individual

components. Such systems are said to exhibit negative deviation Jfrom
Raoult’s law.

Examples include chloroform and acetone, pyridine and acetic acid
w:ate’r and nitric acid. The typical behaviour of such a system 1s shown ir;
Figure I1-lIc. This type of behaviour occurs, when interactions such as
hydrogen bonding, salt formation and hydration occur between the com-
Ponents of a solution. As a result, the vapour pressure of each component
1Is lowered with respect to the behaviour of an ideal solution. The totals
vapour pressure curve shows a minimum in ‘tlle curve (Figure 11-1¢).

R-aoult.s law does not apply over the entire concentration range in a
non-ideal solution. If one liquid is present in high concentrations, it is

1 Relative Volatility
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Volatility ) |
- The volatility of any substance 1n a solution may be defined as the

equilibrium partial pressure of the substance in the vapmlr phase divided
by the mole fraction of the substance in the solution.
For example, a substance A in a liquid mixture Has partial pressure

partial vapour '
pressure of A PA 1. (5)

it ymponent A, V4T R A s
Volatility of comp A mole fraction of Xy
~ A in solution

The vola_tilityﬂof a material in the pure state is equal to the vapour”

pressure of the material.

o : . . ' | h ; In
Consider a liquid mixture containing two components A-and B

| ] i the
such a case. the volatility of one component 1S expressed in terms of

<ccond. Relative volatility may be defined as:
volatility of component_A ¥R L )

PSR e ]

ARy

R

' ; atility, o = oy | T &
Reigrrve W volatility of component B. vz

Relative volatility is commonly expressed with the higher of the two

* volatilities in the numerator. This means that the relative volatility

should never have a numerical value less than 1.0.

Since, v = p/X (equation"S), it may be subs'tlituted n c‘qgation 6)

AT L e

considered as a solvent. The other quLiid Is very dilute. Hence, Raoult’s ding to Dalton’s, law, the partial va{pour pressures of A and B

Accor

!HW s valid for that composition, though the liquid pair behaves non- ay be expressed as: . . - SAR it
ideal manner. - i - ' ‘ sy g Vgl (8
Applications : The differences in the behaviour of a mixture influ- - . PB =.¥p.P Ly g «

ence the method of distillation. The areas include fractional distillation ; |
of intermediates and drugs, purification of alcohol and other organic -

solvents. Complete separation of the components of a mixture by E )
ﬁ'aclioﬂa]_, distillation may not be achieved if large positive or negative |

deviations from Raoult’s law. are observed. Such solutions form so-

called azeotropic mixtures. Therefore, the principles of real solutions
are important in distillation. ' o

where Y, = mole fraction A in the vapour state
Y = mole fraction B in the vapour state

P = total pressure of the vapour, kPa

; ﬂ.-; | . -l .
sed by substituting equations.

Relative volatility may also be expres
(8) and (9) in Equation (7) gives:
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A e adary oo 18R . Tpdy -u(f) CONDENSER |

Equation (10) is often gives as thc'dcﬁnition of relative volatility. f | Condenser helps in condensing the vapour. Condenser is a heat

exchanger. [t is kept cold by circulating water through water jacket.
- T ik i & . iling poi olatility of a substance are the main factor
directly from the vapour-liquid equilibrium data. For exam le, a mix e bc?ﬂm& pem_t‘ Iand. p J - oy e ’
ture of methyl alcohol and water is having a total el DU ] sovernine the choice of the condenser. The main points in the construc-
s g a total vapour pressure of B . p - '
: - g g TS i - | “a condenser are as follows.
101.31 kPa (760 mmHg). This liquid contains 0.40 mole fraction of S
methyl alcohol and the equilibrium vapour contains 0.729 mole fraction 4 a |
The data may be written as: oL : ] 2. The cooling surface must be large enough, because rate of con-

densation is proportional to the area of the condensing surface.

Using equation (10), the value of relative volatility can be calculated

The condenser must be casy to clean.

X =04; Y,; = 0.729; X3 = 0.6: Yp=0.271]

"y bid s 58D . 3. The condensing surface must be' reaﬁsonably a.good ¢onductor of
~Relative volatility = = 4.035 | heat, because rate of condensation is pk;j_c)pomonal to the rate at
' 0.271 x 0.40 ! which the surface is cooled. For this reason, metal condenser is
_ Sometimes, relative volatility may change with concentration espcuu preferred over glass, ifsuitablc:. it 8 g -
c:glly if the binary solution do not obey Raoult’s law. However - 4 4. The film of condensed liquid is a bad conductor and must be
mixtures that obey Raoult’s law show only a slight change in el removed quickly in order to avoid serious mpairment of the .
volatility with concentration variation. . | efficiency of condenser. For this reason, condenser is always
| . i nlaced in an inclined position. i '
GENERAL EQUIPMENT FOR DISTILLATION _ - 3. The warm water in contact with the condensing surface must be
_The construction of equipment for the distillation has been described i - quickly carried away ayg.its place shouid be taken by fresh cold
using several figures in subsequent sections. The general equi-mnm | water. ‘Fhe cooling water is arranged to move on the counter-
either for laboratory use or for industrial scale, consists of three p;rt; 5t _ current principle, i.e.. its direction of flow 1s opposite to that of

the flow of vapour to be condensed.

o

STILL

. %t is‘a vaporizing chamber and used to place the material tor be
distilled. The size of the still should be such t '

- A i that only one-half to two-
thirds full of liquid is filled. If the still is too large, superheating and

some times’decomposition of liquid may occur. Thé still 1S heated by a 'f;
suitable means (example, steam) for the vaporisation of the volatile
-~ constituents. ‘The temperature at which the liquid boils is of consider-
flble importance. Therefore, provision is made to place the thermometer T i
.+ 1n the stifl. A condenser is attached to the stil using appropriate joints _: : | Sincle-surfuce condensers @ Examples are Liebig condenser (Fig-
' - ' ; ure 11-2a), spiral (glass-worm condenser) (Figure 11-2b).

The condenser is connected to the receiver through a suitable adapter.
Adapter xﬁay be employed where the receiver cannot be conveniently
_supported at the end of the condenser. Some times, the adapter has a
provision to connect to the vacuum pump as in case of vacuum distilla-
tion. Condenser is placed in an upright or oblique position. Different
types of condensers are used (Figure 11-2). Three classes of condensers

are described below. . | :

On laboratory scale, round bottom flasks made of ¢glass are used so 1 .~ - - g rdensati
that the progress of the distillation can be noticed’ At the same time: the 2. Douhle-surface condensers : The efficiency of the condensation

feed can be added as and when required. Stills are made of stainless creassi AEIBUE, Linghd - ' ' e

steel, copper or suitable material to provide efficient heat transfer. In 3. Multi-tubular condensers : These are usually made of metal and
~ these stills, an observation window is provided. | | used for large scale work.. In the preparation of distilled water
- Some liquids ﬁ-a»{e a tendency to bump or froth, which promotes the and water for injection, multi-tubular condensers are used.

- carrying of liquid with vapour. To prevent this, a trap is inserted
between distillation flask and condenser. " 3 -

- —

The basic differences in the construction show variations in the
efficiency of the condensation. Water-cooled condensers are not suitable

2
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Some times, the receiver is immersed in an ice-bath or any gther
freezing mixture. This minimizes loss due to volatilization.

R
i

for liquids, which boil above 130°C. In such cases, air condenser may .-
be used in place of water condenser. Air condenser is a straight tube '
with sufﬁcicnt length (1-2 metres long), which is passed through the ° E
bung of the flask. The vapour rises in the air-cooled tube and gets

condensed.
'- ( Vapour m * | - )
Y n _ Fos Vapour
. = AN
Jacket iy o A - _ #
’ Wattlei | ; q_ (a) Conical flask as receiver . . (b) Flat bottom round flask as receiver
~ outle 1 Adhne , _
_ , \k_ Condensef outlet
: : ; f I ' ' : Globules of oil '
. o o | - 3‘/, and water
Water —p | e, e ' »- - - | TEp
inlet "K ey *ﬂater '" | - :...H S_— s
J ‘ , 2 | ./ Mechanicélly |
| ¥ - . ¢ ' - Aqu:laus 0’ emulsified
Liquid out - | - | , OVETTIOW —— layers of 01l
i : ¥ 2 - (; # d : - | ; féturnEd a:’d water
Plain condenser . Spiral (glass-worm) .o it b shl =y | !
Liebig - condenser o | , ' i
() Single surface condensers (b) Double surface condenser : : | iliayer withgrawn
y ' .' : from time to time
_ Figure 11-2. Different types of condensers. Gk
RECEIVER | § . _. (c) Florentine recgivér for oils heavier than waters
It 1s used to _co.llcct the distillate. It may be a simple flask (Figure | _i-% #  «—— Condenser outlet
I1-3a & b) or modified flasks such as Florentine receivers (Figure 11-3c¢c & ' Elablnd of
& d)’?” Some times, the receiver is immersed in an ice-bath or any other a- Oifaﬁdelzter
freezing mixture. This minimizes loss of volatilization. Florentine re- h e
ceivers are used for the separation of oil and water. These are two types v
st | ' . 8 - overflow
Type 1 :_These are used for the separation of oil heavier than water. *— returned
Type 1l : These are used for the separation of oil lighter than water. 4 { Oily layer to still
- S o pe i % o : | | overflowing - cally
The receiver uscd for oil heavier than water has two taps (Figure 11- ] T to a receiver S;ﬂ;;r;;zglly
3c). The tap fitted near the bottom of vessel is used for collecting oil, ’ ' layer of oil
| and water :

while the tap fitted near the top of the vessel for water to overflow. f

The receiver used for oll lighter than water is fitted with siphon at (d) Florentine receiver for oils lighter than water '

the bottom, which works when it gets filled with water (Fi | -
_ s bl __ _ (Figure 11-3d), ; * it :
while the tap fitted near the top is an outlet for the flow of oil. | | 5 RIS Eid, Plﬁcmm ahaidios i

|

1 d
)
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CLASSIFICATIJON OF DISTILLATION METHODS
i g :

Simple distillation '
- Flash distillation
 Fractional distillation
Azeotropic and extractive distillation °
Distillation under reduced pressure
Steam distillation
Molecular distillation
Destructive distillation | ‘ :
Compression distillation

Some of these methods are discussed in the following sections both
.~ on laboratory scale and industrial scale along with the spccific theories.

SIMPLE DISTILLATION

Simple distillation is a process of converting a single constituent
from a liquid (or mixture) into its vapour, transferring the vapour to
another place and recovering the liquid by condensing the .vapour,
usually by allowing it to come in contact with a cold surface.

e s

This process 1s known differential distillation, as distillation is based
on the differences in volatilities and vapour pressures of the components
in the mixture. This method requires simple apparatus.

Principle : Liquid boils when its vapour pressure is equal to atmos-
pheric pressure. Simple distillation is conducted at its boiling point.
The higher the relative volatility of a liquid, the better is the separation
by simple distillation. Hcat is supplied to the liquid so that it boils. The
resulting vapour is transferred to a different place and condensed. If the
liquid of interest is volatile and remaining components are nonvolatile,
‘then simple distillation is a useful means of purification and separation
of liquids. '

Applications : (1) Simple distillation is used for the preparation of
distilled water and water for injection.

(2) Volatile and aromatic waters are prepared.
(3) Organic solvents are purified. =

(4) A few official compounds are prepdrcd by 'distillation. Exam-

ples are spirit of nitrous ether and aromatic spirit of ammonia.
(5) Non-volatile solids. are separated from volatile liquids.

Laboratot} Scale Apbaratus for Distillation
Assembling of apparatus : The construction of a simple distillation
apparatus is shown in Figure [1-4. It consists of a distillation flask with

PHARMACEUTICAL ENGINEERING
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a side arm sloping downwards. Condenser is fitted into the side arm by

' ' heri 1.8
means of a cork. The condenser is usually w_ate.r c_ondentc; m_;_.
jacketed for circulation of water. The condenser 1s-c:mni:‘::c-¢ who[c"
oceiver tlask using an adapter. -On a laboratory scaic.

apparatus is made of glass.

Thermometer.

o Adapter

o~ Receiver
D %5%5% o* 008} i

Figure 1.1 4. Apparatus for simplc d‘istillatian (on laboratory scale).

Procedure :In the 'abofatory scale, the liquid to be Histillc:_-d 1S ﬂilled-
into the flask toone-half to two-third th its volume. BIUIﬂpifj'g_IS_ a'vo;-ded .
by adding small pieces of porcelain or porous pot before dlstlllatxo.fi. A
thermometer is inserted into the cork and fixed to the flask. Th-e
thermometer bulb must be just below the level of the si;ic_am}. _.Wat.cr 1S
circulated through the jacket of the condenser as shown in Figure 11z4.

The contents are heated gradually. ‘The liquid begins to bcfil after
SOMme time. The v'a'pour begins to rise up and passe<’down the.sxde arm -
into the condenser. The temperature rises rapidly and _rea_c‘hes a constant
value. The temperature of the distillate is noted d(}IWn,.wh_lQh*l.S cqual to
the boiling point of the liquid. - Ay 1 AR

. _Tlhw_ 9ap0uris,condcnsccf zm’ collected into the receiver., The flame
is adjusted sohat the distillate is collected at the rate of one to two,

~drops per second. Distillation should be continued until a small v@lume

of liquid remans in the flask. _ I e

Large Seale Equipment for ’Silﬁplc tishitation

Constructin : A simple still as shown in Figure 11-3 is used- for
large-scale disillation. It is made.up of stainless steel, copper or any
other suitable naterial. A still of this kind has a limited heating surfalcc-
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and functions perfectly with volatile solvents, but is not useful for

concentrating dilute solutions. Specially designed stills suited to one
product or a group of products are used for frequent and continuous use.

Condenser
d--—] ___", .
e N
g
e
e
T
<+ Water
i ] circulation
il | Receiver

Figure 11-5. Equipment for simple distillation on large scale operation.

A thermometer s _fixed to the still to note the temperature of the
boiling liquid. An observation window in the hood s helpful to the
operator to see the progress of the distillation and the level of the
contents to be distilled. The still is connected to 2 condenser and then to
a receiver. The still is heated using steam. Therefore, a steam inlet at
the bottom of the- still and an outlet for removing the condensed steam

®

\\"o.rking :. A liquid to be distilled is filled Into the still to one-half to

two-third of its volume. Bumping is avoided by adding small pieces of

porcelain or porous p_pt* before distillation. A thern‘xolmet'er 1S inserted
into the still. Water"is circulated through the jacket of the condenser as
shown‘in Figure 11-5. bt ; '

Steam is pxééd through the inlet. The contents are heat;ed grad.ually.
The liquid begins to boil after some time. The_vapour l::egms to rise up
and passes into the condenser. The temperature rises rapidly and reaches
a constant value. The temperature is noted down, awhich is equal to the
boiling ‘point of the liquid. i

The vapour is condensed and collected into the receiver. The - pas- -
'sage of steam is regulated so that the distillate is collected at a slower

rate (a few drops per second). D'istillation_should be co:wtinu}ed until.a
small volume of liquid remains in the still.

‘Water stills are used for pro‘ducing distilled water including water for

injection on a continuous basis.
; n . |

- Jacket, which contains a number of t
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Preparation of Purified Water (BP) and Water for Injection '(BP)
By Distillation | '

The principle involved in the preparation of water for injection by
distillation is same as that of the simple distillation. However, it is a
special case for the following reasons. =~

(1) Gases dissolved in the ra'u'f.“Wat‘éi".mhst be removed. These
' should not be allowed to co_;ntami'nate the distillate. Such gases
include carbon dioxide. ,Ammoniaf'iis the
be avoided. . L

rd

(2) The carryover of so'l_dble‘"-;"maﬁtcrials in the droplets must be
avolded, particularly if the product is required for use as water

for injection. g ot T AT
-(3) Entrapment of liquid droplets by the vapour must be prevented.

For this purpose, baffles are included in the path of the vapour
between boiler and condenser. - - S ' -

(4) Contamination of the distillate by pyrogen from feed water must
be avoided. | ' |

Construction : The arrangement of an ap
production of distilled water or | *

[1-6. The distillation_apparatus consists of a bOilér, wﬁich may _bé made
of cast iron. Baffles and cie are p of stain
monel metaf. The top of the condenser jacket s open,

Working : Water (fee¢d) ‘enters at the base of the st'i_ll"ajn'd rises in the .
ubes.  In the céhdenser'tubes, the
condensed liquid descends. The rising feed water gets heated on ac- -
count of condensate in the tubes. The rate of flow is adjusted in such T
way that the water gets heated to 90-95 °C, before it enters the boiler. |

The dissolved gases in water ©scape to the atmosphere. The heated
water then enters the boiler, in which steam is circulated und |

through a copper coil. The steam that is obtained by feed water cannot
€scape except through the .conden '

truded " into the boiler head. The r
distilled water, which flows from the lower ends of the tubes.
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level device

aq -}ﬂ ‘}m |

1
= :-Nlll.%ﬂ.hﬂ MLAISITES BRVIIT. WS

& *46 U LS MR LD EFLTAF. Fudl iR a\3

NTE

o2 X

R
Overflow of

Multitubular
| excess water
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Figure 11-6. Construction of a distillation unit

for the preparation of water for injection.

of dissolved gases wnthout any additional effort.

FLASH DISTILLATION

Flash distillation is defined as a process in which the entire hqund*
mixture is suddenly, vaponzed (flash) by passmg the feed from a htgh

pressure zone to a low pressure zone.

Flash distillation is also known as equilibrium distillation, 1.e., sepa-

ration is attempted when the liquid and vapour phases are in equnhbnum.
This method 1s frequemly carried out as a continuous process and does

not involve recuﬁcatlon

Prmcnple
high-pressurc zone into a low- -pressure zonc,

suddenly vaponscd This process 1S known as flash vaporisation. Dur-

ing this process the chamber gets cooled. The individual vapour phase

-

This process is economical as the amount of steam

u5n:d in coils is reduced on account of prehcating of feed water by
counter-current flow of the condensate. This also facilitates the escape’

- When a hot liquid mixture 1s atlowed to enhter from a
the entire liquid mixture is
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molecules of high boiling fraction get condensed, while low boxhng
fraction remains as vapour. This. process requnrcs ccrtam amount of
time. Therefore, the liquid and vapour is kept in intimate contact until
cquilibrium is achieved. The liquid fractlon is collected separately. Thch
vapour is scparatcd from the llqmd and furthcr allowed to condcnsc

W

Uses : Flash distillation is used for scparatmg components ‘Wthh:

boil at widely different tempcraturcs It 1s wxdely used ‘In petrolcum
industry for rcﬁnmg crude oil.”

Advantagcs : Flash distillation is a continuous proccss. It is'used for

obtaining a multi-componént systems of narrow boiling rangc cspccmlly
in oil refincry. Examples are petrolcum cther 60 80 ete. s

r-l_-'

D:sadvantaaes Flash distillation i 1S not cffcctwc in separatmg com—l

poncnts of comparablc volatility. It is not suxtablc for two component
systems. [t'is not an cfficient distillation when nearly purc components

arc required, because the condensed vapour and residual liquid are far
from purc.

Equipment

Construction : The construction of a ﬂash dlstlllatlon apparatus 18
shown 1n Figure 11- 7. It consists of a pump, which ‘is connected to a

&

Vapour to
.. condenser
i ey -i
i - | > SEl e
] 3 |
g | p f s *"‘.'.V‘apﬁ)u_[r :
. _- ressure: - separator
- reducing R L b
| " valve -
FEE‘d " . l b ] i, |
l NI i
© Lliquid , |
. Hﬁ‘atE]' - il | . 5.

[*Wurc 1-7. Apparatus fOr ﬂash dlstlllatlon

" feed. reservoir. Pump helps in pumpmg the feed mto the hcatmg
‘chambcr which contains a suit4ble heating mechamsm ‘The othcr end of

“the pipe is dircctly mtroduccd into the vapour—hqmd separator throug,h a

reducing valve. The vapour outlet | Is provided at the tOp of'thc scparator
and liquid outlet is provided at the bottom.

]
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‘Working : The feed is pumped through a heater at a certain pressure. j; and reheating the liquid repeatedly. -equilibrium between liquid and
" The liquid gets heated, which enters the vapour-liquid separator through ] vapour is set up at each stage, which ultimately results in the separation
-a pressure-reducing valve. Due to the arop in pressure, the hot liquid 'f of a more volatile component.

flashes, which further enhances the vaporisation process. The sudden

I

- : oT Rl * ; Applications : Fractional distillation is used .for ion of
vaporisation induces cooling. The individual vapour phase molecules of - . mniselble Hant s the separation of
: il : | e s . : miscible liquids such as acetone and water, chloroform and benzene.
high boiling fraction get condensed, while low boiling fraction remains : B b i i 3 » Sopmleionnic: el
as vapour. The mixture is allowed for a sufficient time, so that vapour ' l:)_!Sad‘t’a-n‘tage : .Fractlonal distillation cannot be used to separate
and liquid portions separate and achieve equilibrium. The vapour is: | miscible liquids, which form azgotropic mixtures. '

separated through a pipe from above and liquid 1s collected from the

. | _ Theory : According to the principles of'colligati've properties, when .
bottom of the separator. | a substance is dissolved in a liquid, the vapour pressure of solvent is

By continuously feeding into the still, it is possible to obtain continu- lowered.  When two miscible liquids are n:l;i_xed;_'each_m“ay be considered

-ous flash distillation. The operating conditions can be adjusted in such a

as a solution of one in the other.- The vapour pressure of each compo-
way that the amount of feed exactly equals the amount of material nent is lowered. The pressure exerted by each one is known as partial
removed.. Therefore, vapour and-liquid concentrations at any point _ pressure. . SIS B, s

remain constant In the unit. According to Dalton’s law, the 'total pressure exerted by a gaseous.

t | » mixture is the sum of the individual partial pressures of the component
FRACTIONAL DISTILLATION _ % . gases. If Aand B are two miscible liquids and, p,; and pg represent their
Fractional distillation is a process in which vaporisation of liquid Eéma] P‘:"SSUWS, respectively, then Dalton’s law may be mathematically
~ mixture gives rise to a mixture of constituents from which the desired P TI n '

~one is separated in pure form.

| Iotul pressure = p, + pg
This method is also known as rectification, because a part of the

S ciono.d;ln?e .lal:.l rei-}unllz asla qu;; .'[. . mft y . 1212:: bo { : pamzfl pressures are not too ‘high. Dalton’s law is important because it
AL T R A A Bt % st Ml ok 1 permits the estimation of total vapour pressure, which should be equal to
means of a fractionating column. _ _ -

atmospheric pressure so as to reach the boilin

Fractional distillation is different from simple distillation. In simple the vaporization is maximum.

distillation, vapour is directly passed through the condenser. In frac- . : _ | | | |
tional distillation the vapour must pass through a fractionating column 1n i ﬁchiiStZdtlfilghcﬁaizysmg point behaviour, the binary mixtures are classi-
which partial condensation of vapour is allowed to occur. In’simple -

distillation, condensate is collected directly into the receiver, whiie tn
fractional distillation, condensation takes place in the fractionating col-
umn. so that a part of the condensing vapour returns to the still.

g point.- At boiling point,

Boiling Point—Composition Curves of Mixtures

_ Since repeated vaporisatien and condensation processes are involved
simultancously, the composition of liquid and vapour phases change
continqously. Hence, boiling point-composition curves are helpful hi'n'
predicting whether the separation is possible or not, if possible, whether -

it is easy or difficult. These are helpful in designing the equipment for
* fractional distillation. | ) '

Principle : From the operational point of view, fractional distillation

is a mass transfer process involving counter-current diffusion of the
components at each equilibrium stage. '

When a liquid mixture is distilled, the partial condensation of the
" “vapour is allowed to occur in a fractionating column. [n the column.
ascending vapour from the still is allowed to come in contact with the

condensing vapour returning to the still. This results in enrichment of
the vapour with the more volatile component. By condensing the vapour

Boiling point—composition curves are constructed as follows:
(1) Mixtures of liquid A and _

. liquid B are prepared in different
proportions. <7 N

R

(2) Boiling point of each mixture is determined.

1_,"\.




PHARMACEUTICAL ENGINEERING

(1

312 _ Ch-11  DISTILLATION 313
(3) Liquid composltmﬂ of each component 1s qnalysed at 1ts bmlmg Fractiongl Distillﬁtiurt-éAzeott‘oltic Mixtures |

point. ' _ ' Many liquid mixtures cannot be separated completely into " pure
components by simple distillation, because the vohttltttes of the compo-

* . . nents arc equal. Such a mixture is ]\nown as an azeotrc)pe (Greek boxl
(5) The boiling points are plotted on y-axis against composntton of unchanged) |

the mixture (x-axis). The resulting plot is shown in Figure 11-8.

(4) Vapour composmon of cach component 1S 'malysed at 1ts boiling
pomt

. Azeotropic Sohmon 1S a solutton which dlStl]S unchanged at a con-

(6) The upper curve represents the vapour phase composition. . stant temperature.

(7) The lower curve represents the liquid phase composition. Such solutions are also known as constant boiling mfifurcs An

(8) The different areas correspond to the emstence othmd vapour .example of this type i1s 89.43 mol % mixture of ethanol and water at

and Ilqu1d plus vapour phases. | ' atmospheric pressure.  This mixture has a relative volatility of 1.0,
The curves represent the equnhbnum condltton Therefore they are ;_ gzillfénpsug'rfatllc”} Ca“ﬂt';)t b}z Obtlamed by conventional distillation. Thesc
helpful in drawing conclusions regarding the composmon of components b cviale from the Raoult's law to a large extent.
at any mven temperature - . Minimum boiling point azeotropic xolut:ons-—T\ pe 1 wluttons (rion-
k| ideal solutions) : System that exhibits a minimum value in the boilin®
Fractmnal Dtstlllatmn-—-Type I Miscible quulds (for Ideal Solutions) |

point-composition curve is shown in Figure 11-9. Such a system is
Fractional distillation is suitable for a system when the boiling point "

- Known as azeotropic mixture with a maximum vapourdressure or mini«
of the mixture is always intermediate between those of pure components. .

mum boiling point. Examples include chloroform and acetone, pyridine
There 1s netther a maximum nor a minimum in the composxtton curves , U | and acetic acid. and water and mtrlc amd

as shown in Figure 11-8. These systems are known as Zeolropic -
mixtures. Examples include benzene and toluene, carbon tetrachloride
“and cyclohexane, and water and methanol.

'y
3.

 The usefulness of thure 11-8 in the design of fractional distillation
is illustrated in Figure 11-10. P '

Vapour
curves

Ve_peur + Liqtﬁd

(g

Vapour o | a3
curve

Liquid curve

Boiling point temperature, °C

Liquid
O ! T curves
q; i | ¢
L 5 el e s o T1
-:;a' | 3
Y l I 1 "rl
s 1 | ! '
G R 1 ¥ .
_ _ t 4 l . ,, 100% C Composition g e e 0% Citi
I ‘) | | ' B ~ 0%D e, e - 100% D
| | | ; | t
o o Xy " b o ! | Figure 11-9. Bo:lmﬂ point-composition curves of a constant
. : 0 . - - . i
100%93 Cerhpesitien 0% B 3 1 : hmlmt_ azeotropic mixture havi INg Mminimum bmlmg point. LT
F:gure 11 3 Bo:lmg poml_mmpo_ ' ‘ The azeotropic mixture has a lower b01lmn point than that ofthe com-' |
sition diagram of miscible liquids. | | ponent with the least boxlmﬂ point. At the mmlmum boiling point temp-

] erature, the l:quld composition remains constant and 1S equal to the mpour

(-
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composition (arising from such a liquid system). This is indicated by

coincidence at the trough (Figure 11-9). ' |

All mixtures of compositions lying’ between C and T (trough) can be F L _

séparated By s b et S A R distillation. In this process, pure d:f.:.tlllcd_. lhﬂj cc..mp.osuilon of vapour v is richer in A and poorer in B. At
liquid C'R "~ covered from the still and a mixture with constant eOTHpoki- ; . this state. _t!lc liquid residue in.the distillation flask will be richer in B
- 8 and poorer in A. The vapourat v is condensed, the liquid composition .is

tion (as of T) is obtained as a distillate from the condenser. In a similar | - d by TETAE.
way, all mixtures of compositions lying between T and D cam be 1 presented by Lj. If this liquid is distilled, the composition of vapour

separated by continuous fractional distillation. In this process, pure 5 ﬁmhﬁerr:ch?r‘m A and poorer in B. Thus on repeated distillations
liquid. D is recovered from the <till and mixture with constant composi- | (1.(;3:, f:_achonal distillation), the liquid A in pure form can be obtained as
tion (as of T) as condensate. . ) | a distillate. But the residue remained in the still is always the mixture of.-

| - ¢ A and B of constant compositi mi ' -
Since vapour gives constant composition of mixture, liquid curve _. for Bsletional diefflai: b llzon. Similar arguments can be proposed
: s | . : . My | : | actional distillation of component B by considering left-sid .
(i.e., liquid present in the still) should be considered for thc analysis U | _ . _ g side curves

to P.
(Figure 11-9). ' _ DR ,

Consider a hypothetical case (Figure 11-9) in which the mixture
contains more of D than C, which is represented by M. If the mixture 1S
distilled, the vapour has a composition of Xx. When this vapour 1S |
condensed, the liquid composition is represented by M, which 1s richer
in D than C. When this liquid 1s redistilled, the vapour has composition “
of x;. When this vapour is condensed, the liquid has the composition of
M>. Thus on repeated distillation (fractional distillation), the liquid D
will be in pure form and remains in still.” Similar arguments can bc
proposed for fractional distillation of component C by considering left-

side curves to T (trough).

Maximum Dboiling point azcotropic solutions—Type [11 solutions '_fl

(non-ideal solutions) : System that exhibits a maximum value in the boiling g |
point-composition diagram is shown in Figure 11-10. Such a system is |
known as azeofropic mixture with a minimum vapour pressure or maxi- g wg:;“g i
i ” ' ; . - . o Aa
mum boiling point. Examples include benzene and ethanol, water and @ . ol . 0% &
ethanol. '_ , Figure 11-10. Boiling point-composition

The azeotropic mixture has a higher boiling point than that of the § - curves of a constant boiling azeotropic mix-
ture having maximum boiling point.

DISTILLATION - | n -

Cc_msider a hypothetical case (Figure 11-10) in which the mixture
contains more of A than B, which.is represented by L. If this mixture is

——
i S e b -

—— S e S T T T A i s o e

Boiling point temperature, o

Composition

component with the higher boiling point. At the maximum boiling point . 8

temperature, the liquid composition remains constant and is equal to the
vapour composition (arising from such a liquid system). This is indi-
cated by coincidence at the peak, P (Figure 11-10).

Alll_mixt_ures of compositions lying between P (peak) and A give
pure liquid A as distillate and a mixture of A and B with constant
composition in the still. In a similar way, all mixtures of compositions
lying between B and P give pure B as distillatc and a mixture of A and
B with constant composition in the still. |

‘steam coil) at the bottom o6f the column.

L Uewt

General Method<for Fractional Distillatior
Construction : Thf: assembly of apparatus for fractional 'distillatidn
on a labo_rato;y scale 1s shown in Figure 11-11. On a larce scale. the
c?nstructlfm of equipment for fractional distillation is shown in
Figure 11-12. The fractionating column is inserted between the still and
the condenser. A provision is made for the SUppl._y' of heat '(us'uaf‘ly a
At the top--cjf' column
e "' - i .. | ; a
condenser 1s provided. The column. has a large area for providing

sufficient flow conditions. The broken lines across the column represent
the contacting devices. - B il vt anddt
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fmctlonatmg column can be 1llustrated usmg the followmg gencral ex-
ample (Figure ll 13).

—-—--- Thermometer

begg |
To condenser.

i

; | Vapour of pure A formed from
~ Fractionating liquid condensing only 98, A
column | Sy e R

Condenser

| —--r Adaptor
b
sumymam . & _
‘/’]‘\ _V__)—» Receiver
T opve W

Figure [1-11. Asscmbly of apparatus for
fractional distillation (on laboratory scalc).

Condensed vapour-
_ contmmng 98% A

3rd condensation and
partial revapourisation
‘Vapour contalmng 93% A formed

liquids -
from liquid containing only 90% A

Condensed vapour
containing 90% A

thads Vapour containing 90% A formed
7 from liquid containing only 60% A

Fora ; R l Condensed vapour:

2nd condensation and
partial revapourisation

" ' 3 contmmn 60‘3’A .
| \ . ; 1st condensation and ’ RO ' |
- _— i , i partial revapourisation Vapour contammg 60“/. A formed
' “ , from liquid containing only 20% A
Vapour Reflux o it . - - 4 Liquid containing 20% A =~
| Tl ' | Initial vapourisation Y itk N Kk
- | I B from distillation flask , Nt RRHEPRFR A 4
Liquid Fractionating , L | WA ey ey o e.
CowmA a | B i, L From d1st1lla'aon ﬂask A, '
. ion thurc 11 13 Sequencc of boiling pomt—c0mp051t10n dlagrams to
(e ' B “illustratc the fractional«distillation of a mixture of componcnts
Feed inlet i B e, R i Consid 1 F o - E .'
Chaiain til0t Boiler e A onsider a nl\tme of two miscible liquids A and B contammﬂ, ?.OA- |
B e ,, of A and 80% B. qumd A (Mom Vo]atlle Component MVC) 1S havmg
- | . ‘a lower boiling point than B (Less Volatile Component, LVC). ' These |
Qutlet | ﬂ;j_ - liquids do not produce constant boiling point mixture.. The boiling pomt

| ' composition curves of this mixture are shown in Fi S
l‘igurﬁ 11- 12 “a*-“ondl d*-‘-”'“”“m“- | ~ c.nmr'u to Ficure 11-8. but written scveral ¢ et e w}hwhl:

' 1 . £
apparatus for large scale opunlmn | S eral times so as 10 represent the
| steps (1.e., in fractions) in fraclnonal dlStl”atIOH

P """.'r i -Prl? {

Workmg ‘The mixture to be distilled is fed to the bmlcr and (1) When the boiling pomt of the mixture is reacheﬂ the vapour-
heated usually by steam. The sequence of events occurring "in the E | ‘composition curves are drawn as shown by lowest pair of curves
' £ i ‘ ’ : & u-:f | : 4 3 g GE

r
L]
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(Figure 11-13). These curves indicate that the vapour contains
e 60% of A. ‘

(2) When this vapour is condensed, the resulting liquid is again
heated to boiling point, this vapour gives the composition con-
taining 90% of A (second pair of curves from the bottom).

(3) This vapour impinging on.a cool surface and gets condensed.
This fraction is revaporised by heating to its boiling point. This
boiling point curve of this distillate indicates 98% of A (Third

pair of curves from the bottom).

(4) This fraction of vapour 1mpmges an a coolmg surface.
This gives fourth pair of curves. Now thts vapour contains
-~ higher (more than 98%) proportion of A, l.e., vapour of pure
component. |

(5) The vapour moves to a condenser at the top of the column and
gets condensed.

Thus, repetition of these processes yield pure A as shown in the

curves in Figure 11-13. The proportion of B in the ascending vapour
becomes progressively smaller and entirely eliminated at its upper most
point. The liquid B trickles downward to the distillation ﬂasl\ bunﬂ
further freed from liquid A on its downward journey.

Once distillation is commenced, the size of the flame is adjusted so
that liquid passes over at a rate of one drop per every two Or three
seconds. Once the low boiling point fraction has passed over, distilla-
tion should be stopped. The liquid available in the still is pure B. It can
be collected as such or purified further by simple distillation (keeping
the fractlonatmg column assembly).

The above process forms the basis of the continuous method of

fractiona} distillation. Distillation 1s continued until all the MVC has
been distilled off from the top as the product and the LVC 1s left in the

still as.a separate product

Efficiency of the Fractional Distillation

The efficiency of separation of a mixture may be expressed In several
ways. il s

Length of the fractionating column : A state of dynamic equilib-
rium is required for the separation. A maximum degree of separation of

the components 1s obtamed along the length of the column.
v .
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tinuously. These are known as fractionating colzmzns
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Reflux ratio : Reﬂux rarro is the quottent of the ffmount of ltqu1d“-
returning through the column to the amount collected into the receiver

during the same interval of time. A column operating under total reflux

will not-yield distillate. The reflux ratio should be htgh Itis controlled *
by means of a su1table still. G d et byl ohel v

Heat input : Heat input to the still should be controlled If it isj't‘oo' e
little, the packing is insufficiently wetted. If it'is too high, velocity 'may
be too great for equilibrium to be attamed The size of the flame should

be adjusted :so that lquId passes over at a rate of one drop for every two
or three scconds ; ..

Column temperature : For a column opcratmg at a temperature above
®
60°C. heat loss should be prevented by insulation. E\amples are asbes-

tos cord and silver vacuum jacket. For temperature above 100°C, the
column is surrounded by a heating jacket, which is generally adjusted to

‘the temperature of the vapour that emerges from the*top of the column.

Heat loss will cause excessive condensation within the column, which

may result in flooding. It will also dlsturb the steady state temperature

gradient alonq the column

Other c}:penmental conditions necessary for good separation are:

(1) There should be a comparatively large amount of liquid continu-
ously returning through the column.

(2) Thorough mixing of liquid and vapour.
(3) A large active surface of contact betwccn ltquld and ‘vapour.

Fractionating Columns

Generally, 1t Is necessary to conduct dtsttllatton several ttnlec by
appropriate means in order to separate a mixture of mlsmble ltqmd.a. |
This can be avoided by employing fractionating column for a reasonably

complete separation. In fractional distillation, special type of still- heads
are required so that condensation and revaporisation are aff’ected con- '

FE

A fractionating column is essenttallv a lonn vertical tube in which the

vapour passcs upward and gets parttally condensed. The condensate flows
down the column and is returned eventually to the flask. The columns are

constructed so as to offer the following advantagcs snnult'tneousl)

oy okt ofﬁ,rs a large coolmg surface for the vapour to condense \

(2) An obstruction to the ascending vapour allows easy condensa— |

tion. The obstruction also retards the downward flow of liquid,

which is a high boiling component
; . - S 4 e

&
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Fractionating columns can be divided into two groups.
' .#' : ;;‘ : '

Packed columns : In this type, some form of packing is use'd in the
column to affect the necessary liquid/vapour contact. _'_Thc_p_ackmg.lmay
consist of single turn helices (spirals). of wire or glass, glass rings,
“cylindrical glass beads, stainless steel rings ctc. The hlcn-ght cff packmg 1_5‘T
| equivalem to one theoretical plate. Some types of fractionating columns
are shown in Figure 11-14. LA P el

(e

]

T T TITTT)

- Pear Rod and
shape disc type

Figu re 11-14. Different tvpes of fractionating columns.

Construction : Packed column consists of a tower containing a
packing that Becomes wetted with a film of liquid, which 1s brought into
contact with the vapour in the intervening spaces.

The same type of fractionating c_olumns' can be obtained in various
lengths. A __ i g
- (a) A long fractionating column is necessary when the boiling
points of the constituents are lying fairly _g:lose together. ¥
_ (b) A short fractionating column is necessary when the boiling
it ‘points of the constituents differ considerably.

Appllfcations : Packing must be uniform so as to obtain proper
channels. If packing is irregular, mass transfer becomes less effective.
Packed columns are mainly used in laboratories. - Example is Widmer
column. (Figure 11-15). i

one above the other (Figure [.1-16). The
downcomer. Caps are present on each
escape by bubbling through the l1iquid.

caps on plate A’ and the rising vapour will be

component.  This vapour passes through th
partially condensed. The heat

liquid. The process of condensa
plate C and so on all the way up thé colum
the same effect as a scparate still. * .

Ch-11  DISTILLATION | 'y o

Plate columns : Many forms of platés are used in the fractionating:
columns. These can be divided into two types, which are commonly
used in pharmacy. s o W

~(a) Bubble cap plates
- (b) Tu’rbo*grid plates

Bubble cap column is used -in large distillation ;‘Jl_an_ts__:and IS
described below. _ r o | ,

i

ﬂ | |

Plate C.

g LI O e
s : U o2
il

"1 - ~Plate B.

+ Liquid.
Bubble cap column” ~ down comer

Figure 11-15. Widmer column. Figu're 11-16. Construction.of bubble
' - “cap column for fractional distillation... .

Construction : The column consists of a number of plates mounted

'platcs have a weir leading to'a
plate, which allow the vapour to

Working : Ascending vapour from the :still pﬁsses thrdulgh.thc Ibubbrle-

richer in the more volatile
¢ liquid on’plate B and
of condensation partially vaporizes the
tion and vaporisation will be repeated at
n. Each bubble-cap plate has

" 8 {
i [ oy % : i ..; ! i ‘
. . [} 1 I -
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Adi'aancs . The bubble cap plate is effective over a wide range of
vapour-liquid proportions and velocities. Therc is an excellent contact

as the vapour bubbles through the liquid.
Disadvuntaces = (1) A layer of liquid on cach plate rcsul}s in consid-
 erable hold-up of liquid over the entire column.
(2')-?'} The need to force the vapour out of the caps through the liquid

led to a large pressure drop through the column. aar
(3) The column docs not drain cven after completion of distiliati

(4) The structure is complicated making construction and mainte-

Q1.

nance expensive.

AZEOTROPIC AND EXTRACTIVL DISTILLATION

;‘\zéotmpic solutions (or cm‘:slunt?boiling solhtion_s) cannot be com-‘
pletely separated by {ractional dislillation, because either the vapour o1
the liquid in the still has a mixture of com‘pone.nts.' The prl_nf:*iple of
azeotropic distillation and extractive distillation lies in tl?e addItI(EJI‘? of a
new substance to the mixture S0 as to increase the relatwez VO\HU]I%}' of
one of the two key components and thus making Separ‘%lt.IOH relflm'cly
easy.  Azeotropic ternary mixtures with minimum boiling point (or
'mu;inmm i-npc;m' pressure) are pharmaccutically important.

Azcotropic distillation 1s a distillation method in which azcotropic

mixture is broken by the addition of a third substance, which forms a

new azeotrope with one of the components. |
(e relative volatility of the liquid mixture can be changed by 3ddm.g_

A thitd substance. For example. benzene 1s added to lhf: az:=  IPIC
mixture of water and ethyl alcohol. Benzene breaxs the mixture water-
Cothvl aleohol and forms a new: azeotrope between benzene and cthyl
. Aleohol. The volatility of the water (more polar liquid) 1S cnlmp%d. On
distillation. water distills at 63.85°C leaving alcohol and berizene be-
nid. The boiling point of this binary mixture s 08.2°C and benzene

B . ‘ RTT NPy T . J0Y ¢ bl di:ﬁlilltt] L‘I'r 4 |
et distifled Teaving pure alcohol behind, 11' can Lu.- ey
“q Thus. usine fractional distllation

78 3°C. 1he benzene can be reeycled.
method, absolute alcohol can, be prepared.

| (\_’_._I‘H:n alycerin 1s
water 1s lowered. . |
fractionating tower, -

I ln extractive distillation, the thi
mixture is relatively nonvolatile
he separated.

~dded 10 the above mixture, the vapour pressurc ol
Practicaiiv pure cthanol can be obtained from the

«d substance added to the azeotropic
liquid compared to the components 10
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The third component is withdrawn at the base of the {ractionatine

column. T | y

8 ' i : -' . :.: i e |
'] 1 .~

Lxample is separation of toluene from paraffin hydrocarbons of

approximately samc molecular weights. The separation of toluene and

Iso-octane (example for hydrocarbon) is difficult. In the presence of
phenol. the relative volatility of isu-octane increascs, 1hcréforc."separa:-f

tion of tolucne is relatively casy. In another example, furfural is added

for the scparation of butadiene from its mixture containing butane and
butene. o “ s

]

Applications : The liquor from fermentation process is a'common
source of cthanol and contains approximately 8 to 10%. ~Absolute
alcohol can be prepared by azeotropic distillation. Petroleum refineries
and distilleries use these types of distillation. - i

DISTILLATION UNDER REDUCED PRESSURE

Distillation under reduced pressure .nay be stated as a distillation

‘process 1n which the liquid is distilled at a tCmperature lower than its

boiling point by the application of vacuum.

vacuum pumps. suction pumps; etc. are used to reduce {he pressure
on the liquid surface. Distillation under reduced Pressure is based on the
principle of simple distillation with some modifications: e |

Principle : Liquid boils when vapour pressure 1s equal to the atmos-f

)l]e 1 X N " » ' J ¥
phcric pressure. 1.c., pressure on, its surface. If the extfral pressure is

reduced by applying vacuum, ‘the boiling point of liquid decreases.
Therefore,_ the liquid boils at a lower .temperature. This principle is
tlystrated using an example of water. Walter boils at 100°C at an

atmospheric pressure of 101.31 kPa (760 mm Hg). At 40°C, the vapour
pressure of water_js approximately '9.33 kPa (70 mm Hg). Hence, the

external pressure is reduced to 9.33 kPa (70 mm Hg) where water boils
at 40°C. The net result i3 an increase in-the rate of mass wansfer into
vapour. 5 Bl R e LS

!

-

The impbrl:.mt factor in evaporaliodis_:

: s ~ vapour pressure of eva oratin Ii '
- Mass of vapour formed oc —— __._______'_?_____________w ?

external pressure e

According to this formula, water is allowed to evaporate at 40°C and
9.53 kPa (70 mm Hg) pressure, the mass of vapour formed in unit time

1s approximately 11 times, i.e. 760/70 for water. .
- . y Tl

L §

i
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Applications
finds a number of applications.

e

. Distillation under reduced pressure 1s csscmia{uand_

Préi—'énmrg degradation of active consfitucnis - During extraction,

concentration or processing at higher temperatures, the active constitu-
ents may undergo decomposition (inactivation). A few examples are
given below. Hence extraction and concentration should be done at a
lower temperature (%55°C) under reduced pressure.

_’M

Examples

2 s e AP O o

et —— ..

Category ~ Reaction

By

malt extract. pancreatin’

nzyvmes Inactivation

Vitaming Ovidation thiamine. ascorbic acid

Glveosides Hydrolysis anthraqumoncs

Alkaloids hvocyamine 1o atropine

Racemization

Tannins Precipitation ~ phlobatanins to phlobaphences
In the preparation of Cascara sagrada
Drying at the atmospheric pressure
In the initial

Changing physical form :
tablets, granular extract is suitable. *
yields a dense. compact_,rcsidue. which is not desirable. | ki
stage, the liquid extract 1s concentrated under atmospheri¢ pressure Ol
under partially teduced pressure, until the residue has the consistency of
treacle. The pressure is then quickly reduced, where upon the 11:c:1_c1.}*
semi-solid swells up due to sudden evolution of water vapour. This
produces a light porous mass, which can readily be passed through a

sicve to form a granular powder.

l)isnd;':mtagcs . In vacuum distillation. persistent fOIlIT.liﬂ% OCCUIS.
This mav be overcome by adding capryl alcohol to the hq%nd or by
insmfting'a fine air capillary tube inthe second neck of the Claisen flask.
The stream of air is drawn in and breaks the rising foam. 'Tl’fc above
method is not suitable for the preparation of semisolid or solid extracts.

Distillation Under Reduced Pressure N
‘Assembling of apparatus : It consists of a double-neck distillation
(lask known as Claisen flask (Figure 11-1 7). Thick walled glass appara-
. tus with interchangeable stindard glass joints arc used for vacuum
| distillation. In one of the necks of the Claisen flask, :E‘lhcrmomc_tcr 1S
fitted. Thg second neck prevents splashing of 1!1c‘ wam;lly agtilmcd
liquid. Bumping occurs readily during vacuum distillation. Placing a

fine capillary tube in the second neck of the flask can prevent bumpmg.
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The capillary tube is dipped in the boiling liquid, so that a stream of air
bubbles is drawn out. Water bath or oil bath is used for heating.

. The Claisen flask is connected to a receiver through a condenser.
Vacuum pump is attached through an adapter to the receiver. A small
vacuum gauge (manometer) should be-inserted between the pump and

the receiver.

Pinch cock

— Thermometer

Condenser

Capillary.
tube

v
i
—» [0 vacuum

.l\'.
i

'- , pump
*— C(laisen :
y ~ flask -
4 Waters O
¥~ . bath
Receiver: .

Figure 11-17. Assembly of apparatus for distillation
under reduced pressure (on laboratory scale).

- Procedure : The liquid to be dist_illed s filled one-half to two-thir.;j
volume of the flask. Small pieces of porcelain are added to the liquid
for facilitating distillation and prevent bumping. The captliary tube and

thermometer are kept in place in the flask (Figure 11-17). The required
- vacuum is applied. The contents are heated gradually. The temperature
'nises and liquid gets vaporised rapidly due to vacuum. The vapour

passes through the condenser.. The condensate is collected in the re-
ceiver. The temperature is noted down, which would be less than the
boiling point of the liquid. o i

When a large volume of a liquid is to be distilled Iunder reduced

pressure, 1t 1s more convenient to distil comparatively small volumes at a
time.

Large Scale Apparatus Using Vacuum Stills for Dilstillation Undei* .'
Reduced Pressure W | *

Construction : The general construction of a Ié_rgé: scale}equipme'nt --

for distillation under reduced pressure is shown in Figure 11-}8. The

1
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vacuum jacketed still is generally made of stainless steel. copper or any
other material. which can withstand a high vacuum. An observation
window in the hood is helpful to see the progress of .the distillation and
" also the level of the liquid contents. The still is fitted with a drainpipe at
th:.. bottom and an air vent. The still is connected to a condenser. A
“thermometer is incorporated in the still. Vacuum pump through vacuum
gauve is connected as shown in Figure 11-18.

Thnrmometer

Sight alass

ﬂ
B2
)

St'*.ar-l//l.\

<« Water

Exhaust é a
_ : '
Tsin vacuum receiver
4 Ficure [1=18. Assembly of apparatus for distillation

under reduced pressure (on industrial scale).

s 'IF\\'orking : The still is filled with the liquid to be distilled through an
attachment of a pipe with a tap.  The other end of the pipe is connected
“to a resenvoir of liquid. so that it can be filled at a controlled {low rate.
“Vacuum is created by means of a vacuum pump. Using the steam. the
-liquid 1s gradually heated.  The temperature *rises and the hquid gets
v*tpomcd rapidly  due to vacuum.  The vapour passes through the
.condenser and the condensate is collected into a receiver.,

Normally: l;;s.m'*rccci\trs are fiited with suitable arrangement of cocks,
so that thev can be used alternatively. the distillate being collected from
- one. \\h:h. the other s connected to the stll under vacuum. Therefore
distillation need not be stopped.

Distillation is stopped while the contents of the tlaskare suthiciently
fluid to run oft through the drain pipe at the bottom. When spongy
poudu\ mass s desired. the still can be provided with a stirring
- arrangement, which also hastens vaporization, According 10 the require-
' ments., lhv._ Lﬂ}'h.h.!l\ may’ bL a few litres to thousands of Illru;
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STEAM DISTILLATION -

Steamn distillation is a method of distillation carried with the aid of
steam and is used for the separation of high-boiling substances from
non volatlle impurities.

High- bc:}:lmﬂr liquids cannet be purificd by SImple distillation, since
the constituents 1n the mixture tend to decompose at higher tempera- -

tures. In such cascs, steam distillation is employed. Steam distillation is
used for the scpmat:on of immiscible liC]UldS

For substances, which are insoluble in water and not dccompoScd by
hcat, steam -distillation provides an alternative to distillation under

reduced pressure.  Steam dlSlI”ElIlOﬂ is the most common e.xarnplc_of
chffwuma[ distillution. '

Principle : A mixture of immiscible liquids begins to boil when the
sum of their vapour pressures is equal to the atmospheric pressure. In
case of a mixture of water and turpentine, mixture boils below the
boiling point of pure water, though the turpentine boils at a much higher:

temperature than that of water.

[For example, the boiling point of turpentine is about 160°C. But
when 1t 1s mixed with water and heated, the mixture boils at about
95.6°C. At this temperature, the vapour pressure of water is 86.245 kPa
(047 mm Hg) and that of turpentine is 15.06 kPa (115 mm Hg). The

- sum of the vapour pressures is 101.51 kPa (760 mm Hg) which is normal

atmospheric pressure. Thus, high boiling substances may be distilled at
tempexaturc much below its boiling point, when water (steam) is used.

For volatllc substances. which are miscible with watcr stcam dzsullﬁ-
tlon invo]ves the same principle as fractional distillation.

H‘

' Appl:cat:ons : (1) Steam ‘distillation is used for’ the separation;df

immiscible hiquids. Example 18 toluene and water.

(2) This method is used for e:\uactmg most ofthe volat:lc 01!3 such -
as clove, anise and eucalyptus ' ‘

P L

(3)' It is useful In purlf'canon of liquid with hlgh boiling pomt for
e,\ample esscntlal oil of almond. |

,(4) Camphor is distilled by this method.
(5) Aromatic waters are pleparcd by this method.

Adv ant‘wcs Volatile oils can be SEpa:ated at a lower lcmpr..rature In
“steam distillation, without any decomposmon and loss of aroma. If a

substance has low volatility, it can be satisfactorily distilled. prowdcd its
_ "
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steam cencrator and the flask are heated sirnpl;;méousl}y, SO tpal a
uniform flow of steam passes through the boiling mixture. The .mmture
gets heated. The steam carries the volatile oil and passes into .tthe-
condenser, which is cooled by cold water. The contensed immiscible
liquid is collected into the receiver.

molecular weight is considerably higher than water.

Disadvantages : Steam distillation is not suitable when immiscible
~liquid and water react with each other |

Apparatus Used far‘Laborator'y Scale

Assembly of apparatus : The asserﬁbly of apparatué for steam

. Distillation is continued until all the non-aqueous liquid has been.
distillation on laboratory scale is shown in Figure 11-19. It consists of a

. . ® - < v . - e
distilled. In the receiver, water and organic liquid form two separat
layers, which can be easily separated using a separating flask, ' ° . ¢,

P h M g For volatile substances, which are miscible with water, distillation
r S Al wrm i - .. Delivery tube = ; . b o ianal distillation.
; b Mg Be‘r}t tube - - with steam would involve the same principie Ol lrac .
W 8 Pl oy | | T ¥ : |

I

f o " Condenser |

? l ' Equipment Used on Industrial Scale’ o Sy
Construction : Steam distillation unit is diagrammatically shown in
Figure 11-20. It consists of a jacketed still with a pgzrforated platfz' Wth]} -
forms a false bottom. ~Manholes are provided at”the top and side for |
charging and diséharging. A Florentine receiver 15 plac‘ed. between the
still and condenser. The condenser is cooled by _clrculatmg cold watfcr._

&

Adaptor .

/

- Flask containing Distillate el ﬁ
ot 7 " non-aqueous liquid
. . i i ~ Figure 11-19. Assembly of apparatus for

steam distillation (on laboratory scale).

‘metallic ‘steam can’ fitted with a cork having two holes. Through one
of the holes, a long tube is passed so as to reach almost the bottom of
the steam generator. This tube acts as a safety tube, so that in case the
pressure inside the steam generator becomes too much, watér will be
forced out of it and the pressure will be relieved. Moreover, when steam -
starts coming out from the safety tube, it indicates that the steam can is
~almost empty. Through another hole, a bent tube is passed. The other
~end of the bent tube is connected to the flask containing non-aqueous

liquid (for example, crude containing volatile oil) through a rubber bung.
“This tube should reach almost the bottom of the flask.

,Thrcugh‘ the other hole of the rubber bung, a delivery tube is inserteC
which connects the flask and the condenser. The condenser is connected

to a receiver flask using an ‘adaptor. Provisions are made to heat the
-~ Steam can and flask. '

4— Wate_r

0

Derforated
hlate

Florentine
e recewver

Figure 11-20. A'sscmbly of apparatus for
stcam distillation (on industrial scale).

Working, : The material from which the volatile oil has to b-e
extracted is placed in the still above the perforated Plate. . '*Stez-lm 1S
~- admitted to the jacket of the still. The water and 1*'naterlal‘ p.rf;sqnt in the

Procedure :fThe'"hloh-aqu'eous liquid is placed in the ﬂ!;ask. A small : still are ‘heated to boiling. Sim_t.x‘lmnemlsl'y ste-am*ls alfrc; lnjf:cted filr?i
quantity of water is added to it. Steam can is filled with water. The the materials through a steam p;pe_from the jacket. 1e steam : |
. 1 N . . "3 the volatile oil and gets condensed in the condenser, which is cooled by

]
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cold water. The condensate is collected into the Florenliee I'ecelver.
Most volatllc oils are lighter than water and well separated from the

‘distillate as an upper layer and removed from the upper spout.- The
water can run off from the spout on the left and returns to the still.

‘Some volatile oils are heavier than water in which case the sepa:atwn
S xevelscd Ol is collected from the lower spout.

Varmnts (1) For volatlle substances wh:ch are 1msc1ble w:th wafel

(2) Ifthe sgemf’c gravity of the oil is near 1.0, then separation does
not take place.” In such cases, 1t may be necessary to collect the whole of

the distillate. Further it is extracted with an (volatile) organic solvent.
The solvent should be d1st11]ed off to get the volatile oil.

: MOLECULAR DISTILLATION

Molecular distillation is defined as a distillation process in=wkich

each molecule in the vapour phase travels mean free path and gets

- condensed individually without Intermolecular collisions on application
of vacuum. '

‘Molecular distillation is based on the principle of the simple distilla-

tion with some modifications. This is also called evaporative distillation
or short path distillation.

Prmmple : The substances to be distilled have very low vapour

pressures. Examples are viscous liquids, oils, greases, waxy materials
and high molecular weight substances These boil at very hiah tempera-

~tures. In order to decrease the benlmﬂr po'nt of the liquids. high vacuum
.must be app]ned | ‘ | . |

~ The vapour pressure above the hqund IS much lower than that of the
saturated vapour in equilibrium. At very low pressure, the distance
~ between the evaporating surface and the condenser js approximatel
equal to the mean free path of the vapour molecules. Molecules leavmz
the 5uxface of the liquid are more likely hit the condenser surface than to

collide with other molecules. - Little or no re-condensation takes place at

-”the surface ofthe l1quid.

1\-

Appheatmns Moleeu]a: d:stxllatlon 1s used for lhe purification and
,separallon of chemicals of low vapour pressure. '

(1) Purification of chemicals such as tricresy] phoéphatc. dibutyl
_phthalate and dimethy] phthalate. |
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(2) More frequently used in the ref'mmg of fixed onls

(3) Vitamin A is separated from fish liver oil. Vltamm E is concen-
trated by this method from fish lwer 0115 and other vegetable

oils. *
(4) Free fatty acids are dlstllled at 100°C. Steroids can be obtained

between 100°C and 200%C, while triglycerides can be obtained

from 200°C onwards. Proteins and gums will remain as non- -
volatile residues. Thus the above mlxture can be separated by

molecular dlstlllatlon ' - | o
) . b

| Theory The mean f ree path of a molecule IS detmed as the average
distance through which a molecule can move wnthout commg into
“collision with another. A _ .

The mean path (1) can be expressed mathematically as: -

A=N\|— | Il
P ; | ( )

where p = vapour pressure, l\Pa
p = density. kg/m? .
n = viscosity, Pa‘s
A = mean path lenﬂth m

For example., mean path (heavy molecules) of buty] phthahte is
about 30 mm and of olive oil is 20 mm when measured at a pressure of

0.1 pascal. _ _
The characteristics of the substance influence the method of distilla-
tion. According to equation (11): | =% ;
(a) Liquids having low viscosity and density posses long mean
path. Distillation is simple. '
(b) Substances hawng hagh pressures possess low mean free
path. . s, ® i o
The mean free path can be increased by decreasing the ‘viscosity (7).

which can be obtained at high temperature and low pressure. Thus,
' nonvolatnle substances may become volatile and distillation IS pOSSlble

[t is necessary to design the equ:pment based on the requ1rement of'
the molecular distillation. Some of them are as follows: iy s e

(1) The evaporating surface must be close to the condensmg surface.
This ensures the molecules to come in contact with the con-

B
&
)
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p I y | o : - & i
denser as soon as they leave the evaporating surface. For this walls of the vessel are provided with suitable means of heating (jacket).

; e g . 4 _ : : ' re connected
reason, this process is also known as short path distillation. Wipers are provided adjacent to the vessel wall. Wipers are ..

- i o o e y ' h a rotor. The condensers are arranged Vvery
(2) The molecular collisions should be minimized because they’ IC{ . rt()t?;::ir:l?a(ivt;;z;%i;;Surfacej as shown in Figure 11-21. Vacuum
‘change the direction of the path of molecules. In other words, e Dir

: : s - DID ' f the vessel.
: i . | , _ ump is connected to a large diameter pipe at the centre OF. Sher VESiS
'ntermolecular distances should be fairly high. It'can be.achieved ?’rov?sions are made for collecting the distillate and the undistilled liquid

f

under very high vacuum, usually of the order of 0.] to 1.0 residue at the bottom. |
pascals. w8 = 5 i - R :
i . : : ' Vacuum 1S
3 s s . . Working : The vessel is heated by suitable means.
(3) The Ilf(]l.l-ld_ 15LIIdeE arca must be as large as possible so that the f : . lied attl%e centre of the vessel and wipers are allowed to rotate. The
vapour is evolved from the surface only, but not by boiling. ; ﬁfjdis entefe‘d through the inlet of the yesseli As the liquid flows down

Thus Ihis process 1s also called evaporation distillation.

| o m a film by PTFE"(pol)'/teti:aﬂUOroethylene)
Based on the method of formation of the liquid film, apparatus may

. ls. it is spread to for :
the walls, 1t 1S sp nd. The velocity

o . L3 -~ : :
wipers, which are moving at a rate of 3 metre per seco

be divided into two types. T f:“ of the film is 1.5 metres per second. Since the surface 1s already heated,
[ . ) e . R o f travels itﬂ
o K . . gl “' | the liquid film evaporates directly. The vapour (moleculesz
Falling Film Molecular Still or Wiped Film Molecular Still mmanrec path and strikes the condenser.” The condensate 1s collected
P_“"“PIE': In this method, vaporisation occurs from a film of liquid | o a vessel. The residue (undistilled or mean free path not travelled) 1s
flowing down a heated surface under high vacuum. The vapour 2 collected from the bottom of the vessel and re-circulated: through the

q Feed feed port for further distillation. Capacity is about 1000 litre per hour.
. l Centrifugal Molecular Still

Principle : In this method, liquid feed is introduced into a vessel,
which is rotated at very high speed (centrifugal action). On account of
heating. vaporisation occurs from a film of liquid on the sides of the
vcsselT The vapour (molecules) travels a short distance and gets con-
densed on the zidjacent condenser. Each molecule is - condensed

“— Jacket 1 individually. The distillate is subsequently collected.

Construction : The construction of a centrifugal molecular st-ill 1S
<hown in Figure 11-22. It consists of a bucket-shaped vess.el hav.mg a
diameter of about 1 to 1.5 metre. It is rotated at high speed‘ using a
motor. Radiant heaters are provided externally to heat the fluid-in the
bucket. Condensers are arranged very close to the evaporating suyf‘ace.
Vacuum pump is conneéted to the entire vessel at the top. Provigions

Rotor -

=
st
o
1)
-H

Condenser

SONNINNNNNNRRNNY

SNNANNNRNRNNNNN

GT
Residue 4 s

: ' Product j, Vacuum pump

gt e | KOMOREHION ¢ i 2% e | are made for introducing the feed into the .ccntre of the bucket, for

PO TEUIN * : - .ceiving the product and residue for re-circulation.; q ey
rigure 11-21. Wiped film molecular still. | " . g i 3 - | ﬁ. ket

' Al . 3 RN Working : Vacuum is applied at the centre of the vessel. 'I:he bucket

- (molecules) __tra\-/els 2 short distance and strikes the condenser nearby. - | ~ shaped vessel is allowed to rotate at high speed. The feed is.introduced

. Each mpeguie 1§ condensec individually. The distillate is subsequently 1 - from the centre of the vessel. Due to centrifugal action of the rotating
cpllected.” s : | - o | " bucket, liquid moves outwarg, over the surface of the o Se! S ToNs .

Construction : The construction of a wiped film molecular still is 1 film.  Since,~he radiant heaters heat the surface, the liquid evaporates

shown in Figure 11-21. The vessel has a diameter of one metre. The | directly from the film. The vapour (molecgles)'travels its mean frce.p'at’h

»
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and strikes the condenser.,

.\fF‘SSg'l. The residue is collected from the bottom of the vessel
circulated through the feed '

port for further distillation.

___‘"
| ‘ - Vacuum
- pump
connection
.Cc__}ﬂdE'IISE'I - g
17 ‘ *
Heate | _ I Bucket
T Feed Product 'l J Residue

Figure 11-22, Centrifugal molecular stjll,
Disadvantages :

| g Construction and operation are more
compared to falling film molecular still
; "j a

'l

complicated

F4

DESTRUCTIVE DISTILLATION

i - nl!;mon Is a distillation method in which the distillate

15 decomposition products of the constituents '

b il of the organic matter bur
in the absence of air. i | R T

Destructive iy

~This process s also Known as dry distillation.
la}borfnm:}j_;;prd;;cm;e, but one of the most important industrial processes
for obtaining many valuable products f ' '

- S Dt 1 rom wood, coal, and animal
matter. 1t involves the heating of dry organic matter in a suitable vessel

. u?‘_t!}c _Qbi:.{ﬂ]ﬂ‘. ob air, until all volatile substances are driven off. The
distillate Is 'lhc'dcc.m‘npos:tlon products. Wood distillation industlry and
cml cil bmns:mon Industry provide many useful materials '

It is not useful in

COMPRESSION DISTILLATION
€ompression distill ' '

ation method was develop: e n
. ped to meet the needs.
Navy and Army for v

my fi frnj:sh water, which is obtained from sea-water.” Tie
product obtained is quite pure and pyrogen-free. Therefore, it meets the

PHARMACIEUTICAL ENGINEERING

'he condensate js collected into another

and is re-
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requirements of the pharmaceutiéal industry. [t is economical from the
standpoint of consumption of fuel and water.

The feed water is heated in an evaporator for boiling. The- vapour
prdduced ‘1 the tubes is separated from entrained distil.land in a sepafzt-,
tor. Theé vapour is then conveyed to a compressor, which comprtf:'sses- it
and raises its temperature to about 118°C. 1t then flows to the ste:am
chest where it is condensed on the outer surface of "th? tube. Durmg
ondensation, heat is released which is allowed for heating of the fresh

feed in the tubes to the boiling point. The vapour 1s conden's.ed and
_drained off as disti:late.

Glossary of Symbols |
P = Total vapour pressurc of the mixture. kPa.
o = Partial vapour pressure of a liquid. kPa.
n° = Vapour pressure cxerted by pure solvent, kPa.
= Volatility of the component, kPa.
= Mole fraction of component in liquid state.
Mole fraction of component in gaseous stalc.
Relative volatility. : ,. _ e
Density, kg/m°. ‘ *
‘Viscosity. Pas.

H
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QUESTION BANK
Eac.h question carries 2 marks ‘ |
" 1. Describe Raoult's law. What is its significance?
2. What are constant boiling mitiures? How are they separated?
3. What 1s mcz;':l by constant boiling mixtures? Gi\{e two e:;amplcs. .
4 Name the materials tommonly used in packing of fra'cti?nating’”columns._
5. List the requisite chamcteristigsithat a packing material should possess.

_ Differentiate between plate towers and packed towers.

. Distinguish bemween drying and distillation. Explain differential distillation.

Distineuish between Cstripping section” and “rectifying  section of a
rectifying column. |

6

2’ Describe the construction of any one fractionating column.
8

9

10." Name the characteristics of a packing material tor usg in fractionating columns.
11. Name different types of rectifying columns. ¥
" 12. Define distillation. Mention two applications of it as per IP.
13. Différch,liale between differential dislillalﬂionqand rectification.
14. Dcﬁ'ﬁc “ideal p\au—:' and 'rclative‘x—*ol.atilit}-".

15 Define “flash distillation’. List applications.
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rach question carries 5 marks
1. Explain with relevant procedure the separation of an azeotropic mixture.
2. What is mcant by stcam d'islillalion? What are its special advantages? -
5. Describe the principles and applications of stcam distillation. '

What are constant boiling mixtures? Draw typical boiling diagrams for
constant boiling mixturcs. |

5. Describe the construction of bubble cap column. What are its ad'vanlugcs'?

6. Describe a bubble cap rectifying column. What are the spectfic drawbacks
of bubble cap columns. - B

7. Describe one fractionating column of vour choice. List its advantages and
disadvantages. |

8. Describe the construction and working ol a distillation apparatus for he
prepdration of distilled water.

Each question carries 10 marks.

l. Explain the principle and procedure of molecular distillation. What are its
applications?

tJ

. Distinguish between plate columns and packed towers. Describe the types
of packing for rectifying columns. Fow is absolute alcohol made?
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