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Undertying Principle WMMMWhM*WW”M
| “dmcsmmdhohwm consitueats
dwdumwmmmdwd help of
| wsing the isobaric fractional distillation may be explained with the
lemperature-composition diagram shown in Fig 4.13.1.

Temperare e

Pute Amount fraction, 5, —» Pure
. uu.mmﬁum»uwumby
uﬂauuwammumunnmm
A(ﬁsﬂa’p,ﬁmmd&ewhﬁmkequlwum
; __wkwmwummumy
- atmosg malmkwhummm
appeared at the boiling point T is represented by b”. Since the latter
I become richer in the constituent B and will boil at a slightly
ate be heated till it starts boiling. the vapour
ented | ﬁﬂbﬂlr&hhum
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Theoretical Plate

LY
& Phvvsoat Chemistry

The residual liquid at any stage can be mixed with the previous residuy
hquid and can be treated in the same way. The residual liquid continyeg to
contain lesser and lesser of the more volatile constituent and thus more ang More
of the lesser volatile constituent, When the process is repeated several timeg 4
stage would be reached when the residual liquid would contain only the lesser
volatile constituent,

Thus, we see that by carrying out the above fractional distillation process.
1L is possible to separate the two constituents of a binary liqu.id. mixture; vapoy,
containing more volatile constituent and the liquid containing less volatje
constituent,

Each horizontal line in the zig-zag steps shown in Fig. 4.13.1 is known as the
theoretical plate. For example, in going from liquid of composition a to ¢, we
have two theoretical plates.




e Fractionating The process of fractional distillation is extremely tedious and involves more
lumn time and labour as the separation is carried out in batches and in a discontinuous
manner. However, these difficulties can be overcome by employing a fractionating
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M"’ Column
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column, which cusentially carries the distill
4.13. 3 displays one such column common
as lhc ”M’)’),l' cap « 4),"'""' It Cons

ation in a continuous manner. Figure
ly employed in industry. This is known
11815 of a long tube carrying a large number of
huhblc.cfup plates and is attached 1o a boiler ;"L.hc :—,(;T(r,:: u:d to agcondcnscr at
the wp. "-““'_‘ plate can hold a thin layer of liquid and has an overflow mechanism
through which the excess hiquid can pass to the plate just below it. It also has
many b:{hhl'tz..cuph through which the vapour passes upw."u'd after bubbling through
the hq.md. Ihere is a temperature gradient along the length of the column, the
top being cooler than the bottom. The various plates are thus situated at different
temperatures and also hold the liquid at that temperature.

The principle of bubble-cap column can be illustrated very nicely with the help
of temperature-composition diagram (Fig. 4.13.4).

el | Let the quuid’bc boiled at the bottom, say at temperature Ty. The vapour
issuing has composition vg. When this vapour is passed through the first plate,
it is cooled to temperature T, and thus its state is moved to the point a. At this
state, some of the vapour condenses to form liquid of composition /, and the

To m}m“ Pressure constant
Ty
Vapour
/ Vapour composition
~ TQ! ‘0- Vs Io v
Ty ¢
h o v,
T, a
4 by ) L v U,
I, b
[} ‘
N
Ta b0y . ; s i vy
Liquid composition T, d
P== Amount fraction, x, —— o
Fig. 4.13.4 Scheme of redistribution of constituents
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ncmaining vapour has Comp()SItlon U The Il(]Uld formed CONtaing o
(

less volatile constituent. Next, the vapour of composition v, jg Passed of
{ ) asse 6

the second plate whose temperature 18 T5(T, < T)). Here the Vapour M( the, ¢
Cog)

7, and thus the state of system is moved from vy (o b. At this state, agar
the vapour is condensed to give liquid of composition [, and lhc“;“,n b
vapour has composition v;. Now the vapour has become more Cm.j(_hZZn-l g
more volatile constituent. This happens at every plate of the colum,, : N the
shown in Fig. 4.13.4. As the vapour moves up the column, it is bein 2 C( ,()',e: alg,
cooling condenses the less volatile component preferentially, so tha T, thig
becomes increasingly enriched in the more volatile component as it pagge : apoy,
from one plate to another. PWarg
Similarly, as the liquid flows down, its temperature is increased ang agai
there is a redistribution of the constituents. For example, the liquid of COmPOSitbjom
I has flown from the plate 3 to plate 2. The liquid has been heated from 7, , 4
and thus the state of the system has moved from /3 to b”. Thus part of the ﬁ“qu]‘dz
vaporizes to yield vapour of composition U, containing more of the more volgj,
constituent. The resultant liquid has a composition of /; and thus contains mop,
of the less volatile constituent. This happens at every plate of the column 4
shown in Fig. 4.13.4. As the liquid moves down the column, it is being heateq;
this heating vaporizes the more volatile constituent preferentially, so that the
liquid becomes increasing enriched in the less volatile component as it moves

downward from one plate to another.
If sufficient number of plates are used, it is possible to separate the two

constituents of a binary liquid mixture; the more volatile constituent in the
vapour form is collected from the top of the distilling column and that of lesser
volatile constituent from the bottom of the column. The vapour from the top of
the column is fed into a condenser where it is liquefied. Part of this liquid is
drawn off and the rest is returned to the column in order to maintain the stock of
essentially pure distillate on the upper plates. In order to make the separation
continuous, the preheated liquid mixture is introduced somewhere within the

column as shown in Fig. 4.13.3.




