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Abstract— In this work, the modeling and simulation of a 

distillation column has been done. The distillation column has 

been simulated by varying parameters such as the inlet feed 

composition, relative volatility of the feed and reflux ratio of 

the column to study the effects of these parameters on the 

product composition. This has been done using the MATLAB 

software. MATLAB is a high level language and can be used 

to model energy consumption and for developing control 

algorithms. Effects of various parameters with respect to the 

independent variable have been obtained. Graphs have been 

plotted to show the effects of each parameter, and how 

variation in them might affect product quality. Graphs have 

been analyzed and the results obtained have been interpreted. 

The distillate concentration obtained decreases as the feed 

condition increases from superheated vapour (q<0) to feed 

below bubble point (q>1). So, in order to achieve higher 

distillate concentrations the vapour fraction of the feed must 

be increased and liquid fraction must be decreased. This can 

be done by increasing the amount of preheat to the feed before 

it enters the distillation column. As the reflux ratio of the 

distillation column increases, the distillate concentration also 

increases. Thus, efficiency of separation of a distillation 

column can be increased if it is operated at higher reflux ratio. 

Moreover, as the relative volatility of the feed increases then 

the distillate concentration increases even at constant reflux 

ratio. Thus, in order to achieve higher separation efficiencies, 

efforts must be made to increase the relative volatility of the 

feed by adding entrainers (salt). Increasing the distillate 

concentration from a distillation column would ensure higher 

product purity and minimize the requirement of distillation 

trays. This would reduce the overall cost of the plant and 

increase the net revenue earned. 
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I. INTRODUCTION 

Distillation is a process that separates a feed into two or more 

components based on their relative volatility such as the 

overhead distillate, middle fractions and the bottoms product. 

The bottoms product is almost always liquid because of its 

lower vapour pressure at the distillation temperature, while 

the distillate may be a liquid or a vapor or a mixture of both. 

Distillation is most widely used in process industries as a 

separation technique. 

Distillation is different from absorption and 

stripping in a way because distillation applies thermal means 

for the separation while absorption and stripping usually use 

a third component, not present in the feed mixture for the 

separation.  

With the advancement of technology, distillation 

efficiency has greatly improved with the use of multi-stage 

contacting and now almost pure components could be 

obtained from distillation. 

II. METHODOLOGY 

A.  Assumptions in a distillation column 

In modeling the distillation column in this paper, the 

following assumptions have been made: 

 Each stage is a perfectly mixed stage, i.e., liquid 

composition at each stage is homogenous and equal 

to the composition of the liquid leaving the stage 

 The system is at steady state 

 The vapor and liquid leaving any stage are in 

physical equilibrium 

 Occlusion of vapor bubbles in liquid and 

entrainment of liquid drops in vapor are negligible 

 Vapor holdup is neglected 

 Perfect mixing in both phases at each stage 

B. Variation of distillate concentration with input feed 

condition 

Feed condition means the state at which the feed enters the 

distillation column. If the feed condition, q=1 then the feed is 

a saturated liquid. If the feed condition, q=0 then the feed is 

a saturated vapour. If the value of q lies between 0 and 1, then 

the feed is a mixture of liquid and vapour. 

q is also defined as the ratio of the quantity of heat 

required to convert one mole of feed at its thermal condition 

to a saturated vapour, to the molal latent of vaporization. 

𝑞 =
(Ḹ−𝐿)

𝐹
=

(𝐻𝐺−𝐻𝐹)

(𝐻𝐺−𝐻𝐿)
                        (1) 

HF, HL and HV are the enthalpies of feed, liquid and 

vapour respectively. L and F are liquid and feed flow rates 

respectively. 

Similarly, 
(Ḡ−𝐺)

𝐹
=

(Ḹ−𝐿)

𝐹
− 1 = (𝑞 − 1)   (2) 

G denotes the vapour flow rate. 

i.e. 
(Ḡ − 𝐺) = 𝐹(𝑞 − 1)                          (3) 

A solute balance above feed plate gives 

Gy = Lx + DxD                  (4) 

x denotes the mole fraction of the more volatile 

component in the liquid above the feed plate and xD denotes 

the mole fraction of the more volatile component in the liquid 

below the feed plate. 

A solute balance below feed plate gives 

Ḡ𝑦 = Ḹ𝑥 − 𝑊𝑥𝑊               (5) 

Subtracting Eq. (4) from Eq. (5), we have 
(Ḡ − G)y = (Ḹ − L)x − (DxD + WxW)      (6) 

Total component balance for the distillation column 

gives 

FZF = DxD + WxW           (7) 

F, D and W denote the molar flow rates of feed, 

distillate and the bottoms respectively. ZF, xD and xw denote 

the mole fractions of the more volatile component in feed, 

distillate and bottoms respectively. 

Substituting equations (3), (5) and (6) in Eq. (7), we 

get, 



Modeling and Simulation of a Distillation Column using MATLAB 

 (IJSRD/Vol. 5/Issue 05/2017/056) 

 

 All rights reserved by www.ijsrd.com 234 

F(q − 1)y = Fq. x − FZF 

y =
q

q − 1
x −

ZF

(q − 1)
 

To study the effect of change in feed condition on 

the distillate concentration, solute balance and total 

component balance for the distillation column has been 

applied.  

The final modeling equation relates distillate mole 

fraction and the thermal condition of feed. 

A range of liquid mole fractions is inputted in the 

form of a row matrix and based on the tray number, the vapor 

phase mole fraction is computed. 

Graphs are plotted both for superheated vapour feed and 

feed below bubble point. 

C. Variation of distillate concentration with reflux ratio 

Relative volatility is defined as the ratio of vapour pressure 

of more volatile component to that of less volatile component. 

If PA and PB are the vapour pressures of A and B respectively, 

then the relative volatility of A with respect to B, 𝛼𝐴𝐵 is 

defined as the ratio of vapour pressure of A to that of B. 

i.e.,              

αAB =
PA

PB
                                  (8) 

Raoult’s law states that when a gas and a liquid are 

in equilibrium, the partial pressure of A, 𝑝𝐴 is equal to the 

product of its vapour pressure, 𝑃𝐴 at that temperature and its 

mole fraction 𝑥𝐴 in the liquid. 

i.e., 

𝑝𝐴 = 𝑃𝐴 . 𝑥𝐴                               (9) 
Similarly, 

pB = PB. xB                                (10) 

Raoult’s law is valid when the gas and liquid behave 

ideally. 

We know that sum of the partial pressures of 

components in a gas mixture is equal to the total pressure, 𝑃𝑇. 

The composition of a component y, in gas phase is given by 

Dalton’s law, 

𝑦𝐴 =
𝑝𝐴

𝑃𝑇
  and 𝑦𝐵 =

𝑝𝐵

𝑃𝑇
                                 (11) 

Therefore, 

𝛼𝐴𝐵 =
𝑃𝐴

𝑃𝐵

=
(

𝑝𝐴

𝑥𝐴
)

(
𝑝𝐵

𝑥𝐵
)

=
(

𝑃𝑇𝑦𝐴

𝑥𝐴
)

(
𝑃𝑇𝑦𝐵

𝑥𝐵
)

=
(

𝑦𝐴

𝑦𝐵
)

(
𝑥𝐴

𝑥𝐵
)

 

𝛼𝐴𝐵 =
(

𝑦𝐴
1−𝑦𝐴

)

(
𝑥𝐴

1−𝑥𝐴
)
                               (12) 

Rearranging, we get 

𝑦𝐴 =
𝛼𝐴𝐵𝑥𝐴

1+𝑥𝐴(𝛼𝐴𝐵−1)
                      (13) 

And more simply as 

𝒚 =
𝜶𝒙

𝟏+𝒙(𝜶−𝟏)
                             (14) 

Assuming the application of equimolar counter 

diffusion i.e., the molar flow rates are assumed to be constant 

for both the vapour and liquid streams irrespective of the 

stages, we get 
𝐺1 ≈ 𝐺2 ≈ 𝐺𝑛+1 ≈ 𝐺 

A total material balance gives 

G = L +D 
Let the external reflux ratio be given by 

𝑅 =
𝐿𝑂

𝐷
≈

𝐿

𝐷
 

Then, 𝐺 = 𝐷𝑅 + 𝐷 = 𝐷(𝑅 + 1)          (15) 

A component balance for a in enriching section 

gives 
𝐺𝑦𝑛+1 = 𝐿𝑥𝑛 + 𝐷𝑦𝐷 

i.e.  𝑦𝑛+1 = [
𝐿

𝐺
] 𝑥𝑛 + [

𝐷

𝐺
] 𝑥𝐷 

𝐿

𝐺
=

𝐿

𝐿+𝐷
=

(
𝐿

𝐷
)

(
𝐿

𝐷
)+(

𝐷

𝐷
)

=
𝑅

𝑅+1
                      (16) 

𝐷

𝐺
=

𝐷

𝐿 + 𝐷
=

1

𝑅 + 1
 

Therefore, 𝑦𝑛+1 = [
𝑅

𝑅+1
] 𝑥𝑛 + [

1

𝑅+1
] 𝑥𝐷 

Equation represents the operating line for enriching 

section, which has a slope of [
𝑅

𝑅+1
] and an intercept of [

𝑥𝐷

𝑅+1
].   

Therefore, 

xD = (R + 1)yn+1 − Rxn 

The variation of distillate concentration with reflux 

ratio is modeled using total material balance and component 

balance for the more volatile component. The distillate mole 

fraction is obtained as the function of vapor phase mole 

fraction and the reflux ratio.  

Simulation of the model is done using the concept of 

relative volatility. Vapor phase mole fraction is computed 

from the relative volatility and liquid phase mole fractions 

inputted as a row matrix. By varying the reflux ratio, a range 

of distillate concentration is obtained. Graphs are plotted 

between distillate concentrations and the reflux ratio. 

III. RESULTS AND DISCUSSIONS 

A. Variation of distillate concentration with input feed 

condition 

Figures 1 and 2 show the variation of distillate concentration 

with input feed condition for superheated vapour feed and 

feed below bubble point respectively. It is seen that as the 

feed condition changes from superheated vapour (q<0) to 

bubble point (q=1), the mole fraction of the more volatile 

component in the distillate decreases.  

Similarly, it can be seen from fig. 2 that for feeds below 

bubble point (q>1), the distillate concentration linearly 

decreases as feed condition q increases.  Since q denotes the 

fraction of feed that is liquid, so that means that as the liquid 

fraction of the feed increases then distillate concentration 

decreases. Thus, in order to increase product purity and 

distillate concentration the vapour fraction of the feed must 

be increased. The vapour fraction of the feed can be increased 

by increasing the preheat to the feed before it enters the 

distillation column.  

 
Fig. 1: Variation of distillate concentration with input feed 

condition for superheated vapour feed, q<0 



Modeling and Simulation of a Distillation Column using MATLAB 

 (IJSRD/Vol. 5/Issue 05/2017/056) 

 

 All rights reserved by www.ijsrd.com 235 

 
Fig. 2: Variation of distillate with input feed condition for 

feed below bubble point, q>1 

B. Variation of distillate concentration with reflux ratio 

Fig. 3 shows the variation of distillate concentration with 

reflux ratio at constant relative volatility = 1.5.  It is found 

that distillate concentration increases linearly with an 

increase in the reflux ratio. This means that if the operating 

reflux ratio of a distillation column is increased, then it is 

possible to obtain high product purity and increase the 

distillation efficiency. Figures 4 and 5 show a similar trend. 

Also, comparing figures 3, 4 and 5, it is found that 

fig. 3 shows the variation of distillate concentration with 

reflux ratio at constant relative volatility 1.5, fig. 4 at constant 

relative volatility 2.5 and fig. 5 at constant relative volatility 

3.5. Further, it is seen that as the relative volatility of the feed 

increases the distillate concentration obtained also increases. 

For example, in fig. 3 (relative volatility = 1.5) the maximum 

distillate concentration obtained is 0.973. In fig. 4 (relative 

volatility = 2.5) the maximum distillate concentration 

obtained is 0.975. In fig. 5 (relative volatility = 3.5) the 

maximum distillate concentration obtained is 0.977. Thus, we 

see that with an increase in the relative volatility of the feed, 

the distillate concentration and product purity increases. So, 

in order to increase product purity and distillation efficiency, 

the distillation column should be operated at high reflux ratios 

and efforts must be made to increase the relative volatility of 

the feed by adding entrainers (salts).  

 
Fig. 3: Variation of distillate concentration with reflux ratio 

at constant relative volatility = 1.5 

 
Fig. 4: Variation of distillate concentration with reflux ratio 

at constant relative volatility = 2.5 

 
Fig. 5: Variation of distillate concentration with reflux ratio 

at constant relative volatility = 3.5 

 
Fig. 6: A plot between liquid phase mole fraction and 

vapour phase mole fraction 

Fig. 6 shows the equilibrium curve plotted between 

liquid phase mole fraction and vapour phase mole fraction 

with variation in the relative volatility of the feed. It further 

establishes the fact that as the relative volatility of the feed 

increases, the vapour phase concentration of the more volatile 

component increases or simply, the distillate concentration 

increases. 
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IV. CONCLUSIONS 

In this work, the effects of various operating parameters like 

feed condition, reflux ratio and feed relative volatility on the 

product composition of a distillation column were studied. It 

was observed that as the reflux ratio of the distillation column 

increases, the distillate concentration obtained also increases. 

Thus, efficiency of separation of a distillation column can be 

increased if it is operated at higher reflux ratio. Moreover, as 

the relative volatility of the feed increases then the distillate 

concentration increases even at constant reflux ratio. Thus, in 

order to achieve higher separation efficiencies, efforts must 

be made to increase the relative volatility of the feed by 

adding entrainers (salt) or liquids. 

The distillate concentration obtained decreases as 

the feed condition increases from superheated vapour (q<0) 

to feed below bubble point (q>1). Thus, in order to achieve 

higher distillate concentrations the liquid fraction of the feed 

must be decreased and the vapour fraction must be increased. 

This can be done by increasing the amount of preheat to the 

feed before it enters the distillation column. Doing so would 

increase the distillate product purity and minimize the 

number of distillation trays required for the separation. This 

would reduce the overall cost of the plant and increase the net 

revenue from the plant. 

The research findings presented in this work could 

help in the design and operation of distillation columns in 

refineries and other process industries. 
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