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ABSTRACT 

Process simulation is a successful tool for design, 

optimization and control of chemical processes. Chemical 

industry process simulations support the entire life cycle 

of a chemical process from development, design and 

construction to optimization of operation. Distillation is 

the most used separation process in the chemistry and 

petrochemical industry mostly in continuous processes, 

but it is also used in discontinuous processes. Batch 

distillation is widely used for the separation of specialty 

and fine chemicals and for the recovery of small amounts 

of solvent to obtain products of high purity and added 

value. 
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INTRODUCTION 

Process simulation is a successful tool for design, 

optimization and control of chemical processes. Chemical 

industry process simulations support the entire life cycle 

of a chemical process from development, design and 

construction to optimization of operation. Simulation 

represents the application of modeling techniques to real 

systems which enabling information on plant 

characteristics to be gained without either constructing or 

operating the full-scale plant or the system under 

consideration[1] . A simulation of a system is the 

operation of a model of the system. The model can be 

reconfigured and experimented is impossible, too 

expensive or impractical to do in the system it represents. 

Simulation is a tool to evaluate the performance of a 

system, existing or proposed, under different 

configurations of interest and over long periods of real 

time. Simulation is used before an existing system is 

altered or a new system built to reduce the chances of 

failure to meet specifications, to eliminate unforeseen 

bottlenecks, to prevent under or over-utilization of 

resources and to optimize system performance[3].  

 Modeling is the process of producing a model which is a 

representation of the construction and working of some 

system of interest. A model is similar to a system but 

simpler than the system it represents. One purpose of a 

model is to enable the analyst to predict the effect of 

changes to the system. A model should be a close 

approximation to the real system and incorporate most of 

its salient features. The model should not be so complex 

that it is impossible to understand and experiment with it. 

A good model is a judicious tradeoff between realism and 

simplicity. Simulation practitioners recommend 

increasing the complexity of a model iteratively. An 

important issue in modeling is model validity. Model 

validation techniques include simulating the model under 

known input conditions and comparing model output with 

system output. A model intended for a simulation study is 

a mathematical model developed with the help of 
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simulation software. Mathematical model classifications 

include deterministic or stochastic static (time is not taken 

into account) or dynamic (time-varying interactions 

among variables are taken into account). Simulation 

models are stochastic and dynamic[7].  

Distillation is the most commonly used separation process 

in the chemistry and petrochemical industry, mostly 

employed in continuous processes but also used in 

discontinuous processes. Batch distillation is widely used 

for the separation of specialty and fine chemicals and for 

the recovery of small quantities of solvent during the 

production of high-purity and added-value products[6] . 

Batch processing is the main feature of the 

pharmaceutical, biochemical, and specialty chemical 

industries. In batch distillation columns the feed may be 

charged into the reboiler at the beginning of the operation 

and then heat is provided at the reboiler to evaporate part 

of the liquid to generate a vapor that rises through the 

column until it reaches the condenser where it is 

converted to liquid and collected at the reflux tank. From 

this reflux tank, a part is returned to the column as liquid 

reflux that descends through the column contacting with 

the vapor counter-currently if the column is full of 

packing or contacting vapor in a crosscurrent pattern if the 

column contains plates[9]. 

 

 

Experimental Process 

• 1. Start a new DWSIM Simulation. Click on “New 

steady-state Simulation” as a template for a new 

simulation.  

• 2. The simulation configuration window will be 

opened. Add the two components required for 

simulation. Ensure that all the components are added 

from the same property package. Click the “Next” 

button.  

• 3. Select and add the property package and click 

“Next”. Add the default flash algorithm for the 

simulation. Click “Next”.  

• 4. The flow sheeting section of simulation window 

will be opened. Drag and drop the Material stream 

from the object palette. Rename it as “Feed”. This 

serves as input stream.  

• 5. On clicking the “Feed” stream, general information 

about the block will be displayed on the left of the 

screen. Specify the feed compositions, flow rate, 

temperature and pressure for the inlet streams. Once 

composition and flow rate are specified for the inlet 

streams, the color of stream turns blue.  

• 6. Add two more Material streams i.e., Drag and drop 

them into the flow sheet. Rename them as “Distillate” 

and “Bottoms”. These serves as output streams.  

• 7. Add two energy streams, one is for condenser duty 

(C-Duty) and the other is for re-boiler duty (R-Duty).  

• 8. Below the Unit Operation tab, locate the “Shortcut 

Column” block. Drag and drop into the flow sheet. 

Rename it as “DC”.  

• 9. Click on “DC” block, the general information about 

the block is displayed on the left of the screen. 

Provide calculation parameters as shown in the 

screenshot given below. 

• 10. Under Column configuration select “connections” 

tab. Click the dropdown button and give appropriate 

connections. If all the connections are given correctly, 

the blocks will turn blue.  

• 11. Run the simulation by pressing “Solve flow sheet” 

button on the top corner of the screen.  

• 12. To analyze/display the results, select on “Master 

property table” icon on the tool bar. A box will appear 

which is double clicked to modify it further. Select 

the streams which have to be shown in output and 

click “OK”. The property table will be opened 

showing all the results as shown in the figure below.  

 

   Problem Formulation 

• Simulation of Benzene and Toluene Binary 

Components Mixture Problem Statement Mixture of 

components feed at rate of 100 kmol/hr. to the 

distillation column containing 40 % benzene and 60 

% Toluene. Pressure at the condenser (T.P.) is 1 atm 

and the Reflux ratio is 1.4 times of min. R. R. Light 

Key component (LK) Benzene and heavy key (HK) 

component as toluene. Distillate contains 99% 

benzene and B.P. contains 99% of Toluene on a mole 

basis. Calculate  

• 1. Min. R.R.  

• 2. Min. number of stages.  

• 3. Actual no. of stages. 

• 4. Optimal feed stage location.  

• 5. Condenser and Reboiler duty. 
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• Ans. Process Flow Sheet of simulated distillation 

Column for the above problem 

 

Fig1. Process Flow sheet for SC distillation Column 

for Benzene-Toluene System 

 

1] Simulation Results for Benzene and Toluene Binary 

Mixture: 

 

Table1: Results Obtained by Short Cut Column after 

Simulation. 

• Table shows the actual feed condition for simulation 

of Rigorous distillation column. With help of above 

results, we simulating the Short Cut-Distillation 

column obtaining following results. Putting the data 

on Rigorous distillation obtained from the Shortcut 

distillation column, Optimal Feed Stage = 09 

• Actual Feed Stage = 20 (Including Reboiler = 21) 

• Reflux Ratio = 2.317 and Flow Rate = 100 kmol/hr. 

 

Fig 2. Process Flow Sheet for Simulated Rigorous 

Distillation Column for Benzene-Toluene System. 

2] Results of Simulated Rigorous Distillation Column: 

Table 2: Results of Simulated Rigorous Distillation 

Column 

• Table shows the simulation results for of Rigorous 

distillation column. Results shows the Condenser 

Duty 1129 KW, Reboiler Duty -1150 KW, Iterations 

Taken 62, Number of Stages 21, Condenser Pressure 

1atm and Stream 'Feed' Stage Index 9.  
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3] Temperature Data at Various Stages: 

Table 3 : Temperature Data at Various Stages for 

Benzene-Toluene System. 

4] Temperature Data at Various Stages for Benzene-

Toluene System: 

 

Fig 3. Temperature Data at Various Stages for 

Benzene-Toluene System. 

Fig. shows the pressure in atm and temperatures in oC of 

various stages of distillation column including condenser 

and reboiler. 

  

 

 

 

 

 

                                                                                            

5] Flow Stream Data: 

Table 4 : Flow Stream Data Table 

 

• Table shows the fractions of vapor and liquid streams 

for both the components benzene and toluene for 

various stages of distillation column. For condenser 

stream shows the maximum fraction of benzene for 

liquid and vapor state. For reboiler stream shows the 

maximum fraction of toluene for liquid and vapor 

state. 

 6] Graphical Representation of Flow Stream Data: 

 

Fig 4. Graphical Representation of Flow Stream Data 

CONCLUSION 

First case we select the problem for simulation using 

DWSIM open media simulator mixture of components 

feed at rate 100 kmol/hr. to the distillation column 

containing 40 % benzene and 60 % Toluene. Pressure at 
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condenser (T.P.) is 1 atm and Reflux ratio 1.4 times of 

min. R. R. 

 By simulating the Short Cut-Distillation column shows 

the results. Optimal Feed Stage = 09, Actual Feed Stage 

= 20 (Including Reboiler = 21) and Reflux Ratio = 2.317 

and Flow Rate = 100 kmol/hr. These results are used again 

for feed conditions for rigorous column for optimization. 

 The simulation results for of Rigorous distillation 

column. 

 Results shows the Condenser Duty 1129 KW, Reboiler 

Duty -1150 KW, Iterations Taken 62, Number of Stages 

21, Condenser Pressure 1atm and Stream 'Feed' Stage 

Index 9. This is clear that the with the help of DWSIM we 

can optimized the process by simulating using Short-Cut 

and Rigorous distillation column. Second case we select 

the problem for simulation using DWSIM open media 

simulator mixture of components feed at rate 100 

kmol/hr. to the distillation column containing 50 % 

ethanol and 50 % water. Pressure at condenser (T.P.) is 1 

atm and Reflux ratio 1.4 times of min. R. R.  

By simulating the Short Cut-Distillation column shows 

the results. Optimal Feed Stage = 09, Actual Feed Stage 

= 19 (Including Reboiler = 20), Reflux Ratio = 3.9 and 

Flow Rate = 100 kmol/hr. These results are used again for 

feed conditions for rigorous column for optimization. 

 The simulation results for of Rigorous distillation 

column. Results shows the Condenser Duty 2114 KW, 

Reboiler Duty -2111 KW, Iterations Taken 17, Number 

of Stages 19, Condenser Pressure 1 atm and Stream 'Feed' 

Stage Index 9. This is clear that the with the help of 

DWSIM we can optimized the process by simulating 

using Short-Cut and Rigorous distillation column 

Applications  

1. In the petrochemical and refining industry for the 

recovery of aromatic hydrocarbons.  

2. Separation of petroleum products from crude oil 3. 

Separation of naphtha, Kerosene, diesel, and gasoline etc.  

4. For separation of two or more component mixture 

having different volatilities. 

 5. Petrochemical industry for separation of multi-

components. 

 6. For the Separation of more than two hydrocarbon 

mixtures.    
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