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Simple batch distillation
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@ P constant

T

Michael Doherty, UC 
Santa Barbara
Assumptions:
– LVE
– Q(t) is given (driving 

force of the evaporation)
– n components 
– Initial conditions: L0, x0
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Simple batch distillation

• Unknowns:
• x, y,   , L, T
• Equations:

V! nÞ +2 3

( )1energy balance 

( )ncomponent balance 

( )nequilibrium conditions 
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Simple batch distillation - Equations

• General balance:
• Component balance:

• LVE:
• Stoichiometric eqs.: 
• Energy balance:

ACC = IN - OUT 
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Simple batch distillation - Fugacity

• Isofugacity condition:
• Ideal gas, non-ideal liquid:
• Solve for yi: 
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Simple batch distillation

• Summing all component balances:

• à overall mass balance:
• Transforming the component balances:

• Component balances:
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Simple batch distillation
• Final set of equations (ODEs + Aes):

– Initial conditions: L0, x0 (T0 is B.P. of x0)
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Simple batch distillation

• Problem: t does not approach infinity
• Define new variable:

• ξ is a modified time, called warped time
• Transformation:
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Simple batch distillation

• Using the initial conditions:

• à the definition makes sense

0L L= 0x =
0ln L
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Simple batch distillation

• Final set of nonlinear ODEs (w/o energy bal.)
i
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Simple batch distillation

• At steady state: 

• Mathematics: steady states calculated 
from a strongly nonlinear system of AEs.

• Phase equilibrium thermodynamics:       
the s.s. condition is fulfilled by pure 
species and azeotropes (only!).

0idx
dt

= i ix yÛ =



12

Simple batch distillation

• Residue curve maps
• n = 3
• x1 + x2 + x3 = 1
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Distillation – Residue curve maps

• Residue curve ≡ trajectory
• Residue curve map:

map of all the curves

1

2

3

1- 2

1- 3

2 - 3

0x

3 1x =

2 1x =

1 1x =
pure component
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Distillation – Residue curve maps

• Set of equations:
1
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Distillation – Residue curve maps

• Procedure on how to create a residue
curve map:
– identify the pure species (and their b.p.)
– identify the azeotropes (and their b.p.)
– indicate the direction of movement of the

trajectories
– the temperature increases along the residue

curves
– neither limit cycles nor oscillations can exist



16

Distillation – Residue curve maps

• Some important details to characterise the 
steady states
– the point with the highest boiling temperature 

is a stable node
– the point with the lowest boiling temperature 

is an unstable node
– steady states can only be nodes or saddles, 

focus‘ would leave the triangle!



Classification of steady-states
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Residue curve map

• pure components
• azeotropes
• b.p. temperatures
• directions of trajectories

between steady states
• draw trajectories

82.3 C°i -propanol

benzene n-propanol

80.1 C° 97.3 C°

71.7 C°

77.1 C°
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Residue curve maps – Example
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Residue curve maps – Example
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Residue curve maps - Example



Ung, S., Doherty, M.F., Calculation of Residue Curve Maps for 
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Residue curve maps - Example


