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Learning objectives
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• Understand the general principles behind which  
distillation works.

• Become capable of designing and analyzing 
flash distillation with respect to (w.r.t.) operating 
conditions.

• Analyze how feed condition, and reflux ratios 
affect the operation of continuous distillation. 



Today’s outline
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• Introduction
 Definition, process, and example

 Two types

• Principles of stage processes
 Terminology

 Material balances

 Number of ideal stages

 Absorption factor method for calculating # of ideal stages



21.1 Introduction
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• Definition
 It is a process that separates the components of a liquid mixture by 

selective boiling and condensation.

• Examples
 Separation of water from sea water 

 Distillation of crude oil

 Alcohol distillation

 Production of sugar from coconut
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21.1 Introduction

6

• It exploits the differences in volatility of the mixture’s 
components.
 The composition in vapor is different from the composition in liquid.



21.1 Introduction
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• Two different types exist w.r.t. the reflux rate.
 Flash vs continuous with reflux



21.2 Flash distillation
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• Hypothetical equipment schematic 

 material balance eqn.?

 flash:  partial vaporization that occurs when a saturated liquid stream 
undergoes a reduction in pressure  (why?)

heating

P drop

Equilibrium



21.2 Material balance
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• For 1 mol of 2-component mixture 

𝑥𝐹 = 𝑓 𝑦𝐷 + (1 − 𝑓)𝑥𝐵

 relative volatility, 𝛼𝐴𝐵 =
𝑦𝐴𝑒/𝑥𝐴𝑒
𝑦𝐵𝑒/𝑥𝐵𝑒

=
𝑝𝐴
′

𝑝𝐵
′ (eqn. 21.2)

where e represents equilibrium conditions for A or B;

 What would 𝛼𝐴𝐵 equal to for ideal mixtures?

 𝛼 is nearly constant over the T-range typical to distillation

 eqn. 21.2 can be rearranged into y=f(x) for component A:

𝑦 =
𝛼 𝑥

1+ 𝛼−1 𝑥



21.2 Energy balance
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• For 1 mol of 2-component mixture 

𝐻𝐹 = 𝑓 𝐻𝑦 + (1 − 𝑓)𝐻𝑥

Ex. 21.1  A mixture of 50 mol% benzene and toluene is subjected to flash 
distillation at a separator pressure of 1 atm.  The incoming liquid is heated 
to a temperature that will cause 40% to flash. (In-class)  

(a) Calculate xi, yi in the flows leaving the column.

(b) What is the required feed temperature?

𝛼𝐴𝐵 = 2.45, 

𝐶𝑝,𝑏𝑒𝑛𝑧𝑒𝑛𝑒 = 33
𝑐𝑎𝑙

𝑚𝑜𝑙 º𝐶
, 𝐶𝑝,𝑡𝑜𝑙𝑢𝑒𝑛𝑒 = 40

𝑐𝑎𝑙

𝑚𝑜𝑙 º𝐶

∆𝐻𝑣𝑎𝑝,𝐵 = 7,360
𝑐𝑎𝑙

𝑔 𝑚𝑜𝑙
, ∆𝐻𝑣𝑎𝑝,𝑇 = 7,960

𝑐𝑎𝑙

𝑔 𝑚𝑜𝑙
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21.3 Continuous w/ reflux
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• It can be used to 
separate molecules 
with comparable 
volatility.

• Continuous is far 
more common than 
the batch mode. 
(why?)



21.3 Boiling point diagram
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• [A] increases as you reach the top of the column.



21.3 Typical configuration
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• Terminology
 feed plate

 rectifying section

 stripping section (includes 
the feed plate)

 reboiler

 weir

 condenser

 accumulator

 reflux

 product cooler



21.3 Material balance
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• Overall material balance for a 2-component system
 F = 𝐷 + 𝐵

 For component A,

𝐹 𝑥𝐹 = 𝐷 𝑥𝐷 + 𝐵 𝑥𝐵

 Eliminating D or B gives, 

𝐷

𝐹
=

𝑥𝐹−𝑥𝐵

𝑥𝐷−𝑥𝐵
or  

𝐵

𝐹
=

𝑥𝐷−𝑥𝐹

𝑥𝐷−𝑥𝐵



21.3 Operating lines
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• Net flow rates can be calculated as follows:
 MB around the condenser:

𝑉𝑎 = 𝐿𝑎 + 𝐷

 In the upper control volume,

𝑉𝑛+1 = 𝐿𝑛 + 𝐷

 In the lower control volume, 

𝐿𝑚 = 𝑉𝑚+1 + 𝐵

• Operating lines can be rewritten:
 In the upper or lower section,

𝑦𝑛+1 =
𝐿𝑛

𝐿𝑛+𝐷
𝑥𝑛 + 𝐷

𝑥𝐷

𝐿𝑛+𝐷

𝑦𝑚+1 =
𝐿𝑚

𝐿𝑚−𝐵
𝑥𝑚 − 𝐵

𝑥𝐵

𝐿𝑚−𝐵



21.3 Reflux ratio
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• It facilitates the analysis of the columns:
 two ratios are used:

𝑅𝐷 =
𝐿

𝐷
=

𝑉−𝐷

𝐷
and   𝑅𝑉 =

𝐿

𝑉
=

𝐿

𝐿+𝐷

 For constant molar overflow (L and V), the op line for the upper is 

𝑦𝑛+1 =
𝑅𝐷

𝑅𝐷+1
𝑥𝑛 +

𝑥𝐷

𝑅𝐷+1

 What if n = D?  



21.3 Effect of feed condition
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• Feed condition affects the molar flows:

 physical meaning of q?

 which will be which?  q=?

partial vapor

cold liquid

saturated vapor at dew pt

saturated liquid at bubble pt

superheated vapor

Hv: enthalpy at the dew point

HF: enthalpy of feed at the entrance

HL: enthalpy at the boiling point


