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ABSTRACT 
 

This paper presents simulation studies on the recovery of Acetonitrile from aqueous Acetonitrile 
waste from pharmaceutical processes. The focus is on atmospheric distillation in two sequential 
columns to understand the separation feasibility of the system; the first column produces a distillate 
of azeotropic composition, which is mixed with a fresh stream and fed to a second column, which 
produces a 99.9% pure Acetonitrile in the residue. The effect of reflux ratio, reboiler duty and the 
fresh stream flowrate on the purity of the product is analyzed. The study was performed using 
steady state simulator Aspen Plus, version 11.1. The simulation results indicate that it is possible to 
obtain a product of 99.9% w/w Acetonitrile from a 1:1 feed with a recovery of ~ 60%. 
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1. INTRODUCTION 
 
The Aim of this research is to design a simulation 
flowsheet to obtain pure Acetonitrile from a spent 
solvent stream containing Acetonitrile in water. 
Acetonitrile is a colorless liquid which finds many 
applications as it is miscible with water, has a 
high dielectric constant, low viscosity and low 
chemical reactivity. Acetonitrile is used in the 
production of pharmaceuticals, perfumes, rubber 
products, insecticides, acrylic nail removers, and 
batteries. It is also employed in the extraction of 
fatty acids from animal and vegetable oils. 
 
Acetonitrile is one of the important solvents 
primarily used in the pharmaceutical industries, 
due to its medium polarity and the miscibility with 
water. The effluents from the processes involving 
Acetonitrile as solvent mostly consists of a binary 
mixture of Acetonitrile and water; it is important 
and ample opportunities are available for 
recovering Acetonitrile from the aqueous waste 
streams [1]. Acetonitrile can be recovered using 
distillation depending on the initial composition of 
the binary mixture. The feed composition is 
important because the Acetonitrile-water forms 
an azeotropic mixture at 83 % Acetonitrile under 
atmospheric conditions. 
 
Distillation is a mass transfer operation which 
separates two or more components into two 
streams which are more concentrated in one of 
the components. The separation is based on the 
relative volatility of the components in the feed 
stream. The overhead product, called as the 
distillate can be collected as a vapor or a liquid 
and is rich in more volatile components. The 
residue collected from the bottom of the column 
consists of the less volatile or the high boiling 
components.  
 
Configuration of the column, feed composition, 
process conditions and target purity of the 
desired product are major factors that affect a 
distillation operation. The column configuration 
can be specified in terms of the total theoretical 
stages and feed location, where as the operating 
parameters that influence the performance of a 
column include reflux ratio, boil-up ratio, 
condenser and reboiler heat duty. 
 
It is important to understand the effect of these 
variables on the desired product purity and the 
throughput from the system. Simulation studies 
provide relevant and significant results 
corresponding to the variation of any 
operation/process with respect to factors 

effecting them. It is safe, inexpensive and 
consumes less time than experimental effort in 
understanding the system under study.  
 

2. LITERATURE REVIEW 
 
There are a few papers published related to the 
simulation studies on distillation of binary 
mixtures [2–5]. Lone and Rather [2] have 
performed simulation studies of a distillation 
column for the separation of 1:1 Methanol-water 
system. The objective of the study was to find 
optimum feed stage location, total number of 
stages and the optimum reflux ratio to obtain 
99.5% pure methanol in distillate and 99.5% pure 
water in the residue.  Aspen plus simulation 
software was used. Lone and Akhlaq [3] have 
developed a rigorous model for the simulation of 
the steady-state behavior of the distillation 
column, solving the model using MATLAB, they  
have presented the effect of feed condition and 
the feed composition on the steady state 
behavior of a distillation column for separation of 
Methanol-MTBE-Isobutylene. With Isopropyl 
Alcohol-Water  system as case study, Yadav et 
al. [4] have performed steady state and dynamic 
simulations using Aspen Plus, to depict the 
behavior of the system. They have presented the 
concept of degrees of freedom, variables effect 
and systematic working procedure of Aspen Plus 
and simulated the effect on mole fraction of liquid 
phase, vapor phase with changes in 
temperature, pressure, activity coefficients, 
respectively.  Shorey [5] have presented a 
comparative study on simulation of distillation 
column for methanol-water system using DWSIM 
and Aspen Plus. The author focused on 
providing the insights on the obstacles faced in 
simulations carried out using an open source 
software.  
 
Separation of Acetonitrile-Water mixtures, is 
often performed using membrane separation 
techniques [6–9], extractive and azeotropic 
distillation [10–12] and pressure swing distillation 
[13]. While membrane separation can be an 
effective method for separating Acetonitrile-
Water mixtures, there are several potential 
disadvantages in terms of membrane selectivity, 
cost, degradation, fouling and energy 
requirements. The azeotropic/extractive 
distillation involves entrainer/solvent, which 
causes issues with selectivity, limited separation 
ability, higher energy consumption and recovery 
of the entrainer/solvent. Pressure swing 
distillation offers another promising method for 
the separation of Acetonitrile-Water mixtures, 
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however it is marred by the high energy 
consumption, equipment complexity, scalability 
and process control challenges. Also the rapid 
pressure changes may create safety concerns. 
 

3. MATERIALS AND METHODS 
 

In the present paper, a flowsheet/separation 
methodology is proposed that uses 2 columns to 
achieve 99.9 % pure Acetonitrile. The first 
column produces a stream with azeotropic 
composition and a fresh stream of Acetonitrile is 
added to this stream and fed to the second 
column to obtain 99.9 % pure Acetonitrile. A feed 
of 50 % w/w of Acetonitrile and 50 % w/w water 
is considered for separation and simulation 
studies were performed to understand the 
separation feasibility of the system and the effect 
of reflux ratio, reboiler duty and the fresh stream 
flowrate on the purity of the product. Steady state 
simulator Aspen Plus, version 11.1 was used for 
performing the simulations. It is a commercially 
available software for the simulations of systems 
from chemicals, polymers and life sciences 
industries. 
 

The steps followed were: 
 

i) Defined components and selected NRTL 
thermodynamic model for estimation of 
physical properties and binary interactions. 

ii) Estimated the properties of the binary 
system; studied T-xy plot and the variation 
of the azeotropic composition at varying 

pressures to understand the optimum 
vacuum for the distillation. 

iii) Created flowsheet with two sequential 
columns with RADFRAC model. 

iv) Preliminary simulations were performed. 
v) Sensitivity analysis was done. 

 
The flow sheet is shown in Fig. 1.  As the 
Acetonitrile-water system forms an azeotrope at 
83 % w/w of Acetonitrile a single distillation 
column would not be sufficient to get a purity of  
> 83 % w/w of Acetonitrile. Thus, the distillate 
from the first column was sent to mixer where a 
fresh stream of Acetonitrile was added, and then 
this mixed stream was fed to a second column. 
The second column was optimized to yield a 
distillate containing > 99.5 % w/w of Acetonitrile. 

 
3.1 Column Configuration 
 
A series of two columns was considered for the 
present case study. The first column, COLUMN-1 
consists of 10 number of stages and the second 
column, COLUMN-2 has 15 number of stages. 
Both the columns are connected to total 
condensers. The distillate from COLUMN-1 was 
passed to a mixer, B1 where it is enriched with 
fresh 99.9 % w/w pure Acetonitrile and fed to a 
second column, COLUMN-2, to obtain a residue 
of ~ 99.9 %w/w from the COLUMN-2. The 
configuration of both the columns is given in 
Table 1 and the feed specifications are given in 
Table 2. 

 

 
Fig. 1. The Aspen Plus Flow sheet for the simulation of Distillation Operation for Acetonitrile-

water system 
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4. RESULTS AND DISCUSSION 
 

The Fig. 2 and Fig. 3 respectively shows the T-xy 
and y-x Diagram for the Acetonitrile-water Binary 
System. Under atmospheric conditions, 
Acetonitrile-water forms a minimum boiling 
azeotrope at 83% w/w of Acetonitrile. The 
variation of azeotropic composition under 
vacuum was then evaluated and is shown in 
Table 3. The data in Table 3 indicates the 
possibility of obtaining 99% w/w purity of 
Acetonitrile in a single distillation set-up under 
high vacuum of 750 mmHg. However, operating 
feasibility and the economics of the process has 
to be considered in detail. The present study is 
focused on the atmospheric distillation in 2 
sequential columns. 
 
Atmospheric distillation of feeds of Acetonitrile 
and water comprising less than 83% w/w of 
Acetonitrile would produce a distillate of 
maximum purity equal to the azeotropic 
composition. For this reason, in the present study 
two columns were considered in series. With an 
aim of obtaining Acetonitrile greater than 99% 
w/w purity, fresh stream of Acetonitrile (99.5% 
w/w) was mixed with the distillate obtained from 
Column-1 and fed to the Column-2. This addition 
of fresh stream of Acetonitrile, changes the feed 
composition for the Column-2. The distillation in 
the second column produces a distillate closer to 
azeotropic composition and a residue of purer 
Acetonitrile. The stream results corresponding to 
the base case simulation are given in Table 4. 
The recovery of 99.9% w/w Acetonitrile is 45.8%. 
The base column configuration and the operating 
parameters can be optimized for the desired 
purity of Acetonitrile. 
 
The temperature and concentration profiles for 
both the columns are shown in Fig. 4, Fig. 5 and 
Fig. 6. Column-1 operates at higher 
temperatures, when compared to the Column-2 
as the water content is higher yielding a higher 
boiling point for the mixture at every stage. The 
temperature in both the columns decreases from 
the reboiler to the first stage. The reboiler of 
Column-1 is at 353.7 K, whereas the reboiler of 
Column-2 attains 350 K.  
 
The Vapor composition of Acetonitrile in both the 
columns in shown in Fig. 5. Interestingly, in the  
Column-2 the vapor composition of Acetonitrile 
increases towards the bottom of the column, 
whereas it increases towards condenser in the 
Column-1. This is because in the Column-1 the 
separation is between the water and the 

azeotropic mixture of Acetonitrile and water, 
while in the second column separation is 
between the azeotropic mixture and Acetonitrile. 
The azeotrope formed boils at ~ 350K. The 
boiling point of Acetonitrile is 355 K and that of 
water is 373 K. as shown in Fig. 2, the maximum 
composition of the Acetonitrile obtained from the 
Column-1 is 83.4% w/w. Fig. 6 shows the 
variation of composition of Acetonitrile in the 
liquid in both the columns. It follows a trend 
similar to the vapor composition profiles; highest 
mass fraction of the Acetonitrile is seen in the 
bottom stage of Column-2. Acetonitrile of  
desired composition is obtained as residue from 
Column-2. 
 

Table 1. Columns’ configuration 
 
Parameter Column-1 Column-2 

Column Configuration 

Total Number of Stages 
Rectification stages  
Stripping Stages  
Reflux Ratio  
Column Pressure, kPa 
Reboiler Duty, kCal/hr 

12 
6 
4 
1.5 
101.3 
3386 

17 
7 
8 
2 
101.3 
4000 

 
Table 2. Feed specifications for initial 

simulation run 
 

Parameter Column-
1 

Mixer, 
B1 

Column-2 

Flowrate, Kg/hr 
Mass Fraction 
Acetonitrile 
Water 
Temperature, ºC 
Pressure, kPa 
Phase 
Feed Stage 

10 
 
0.5 
0.5 
25 
101.3 
Liquid 
6 

5 
 
0.995 
0.005 
25 
101.3 
Liquid 
 

15 
 
~ 0.83 
~ 0.17 
50 
101.3 
Liquid 
8 

 

4.1 Sensitivity Analysis 
 

Aspen plus software provides a model analysis 
tool that facilitates the optimization of the model 
with respect to the selected variables. 
 

For the Column-1, sensitivity analysis was 
performed, to optimize the number stages, the 
location of feed stage and Reflux ratio to 
maximize the distillate rate. 
 

The variation of distillate rate with total number of 
stages in shown in Fig. 7. The figure shows an 
increase in distillate rate with an increase in 
number of stages up to 8 total stages, for a fixed 
reflux ratio of 1.5. For further increase in number 
of stages, the distillate rate was observed to be 
constant at 5.95 kg/hr.Similar trend was found for 
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the variation of the distillate rate with feed stage 
location; maximum distillate rate is obtained 
when the feed is provided on stage 6. This plot is 
shown in Fig. 8. The effect of increase in reflux 
ratio on the distillate rate is shown in Fig. 9. The 
distillate rate was observed to decrease with an 
increase in the reflux ratio. So a reflux ratio of 1 
is chosen as optimum for further simulations. 

 
The mass fraction of Acetonitrile in the residue of 
Column-2 was chosen as the objective variable 
and sensitivity was analyzed for the following 
parameters. 

 
i) Reflux ratio 
ii) Reboiler Duty, and 
iii) The amount of fresh Acetonitrile added to 

mixer to change the feed composition for 
Column-2. 

 
Fig. 10 shows variation of mass fraction of 
Acetonitrile with reflux ratio. For this column, the 
reflux ratio up to 2.5 gives > 99.9% pure 
acetonitrile, further increase in reflux ratio results 
in the decrease in the purity of the acetonitrile 
recovered. The reflux ratio of 1.5 as in the base 
case simulation is chosen as optimum. 

The increase in the reboiler heat load for the 
Column-2, as shown in Fig. 11, has major effect 
on the purity of Acetonitrile obtained from the 
column. A ten fold increase in the reboiler duty 
enhances the mass fraction from 0.913 to 1. 
Nevertheless, it is important to study energy 
efficiency of the column to decide the reboiler 
heat load. 3960 kCal/hr is chosen as the 
optimum reboiler duty. 
 
Table 3. Variation of Azeotropic composition 

of Acetonitrile under Vacuum 
 

Vacuum T  Mass Fraction 
of Acetonitrile mm Hg K 

0 349.7 0.8252 

80 346.7 0.8303 

160 343.3 0.8360 

230 339.6 0.8437 

310 335.5 0.8504 

380 330.7 0.8600 

460 325 0.8700 

530 317.9 0.8842 

610 308.5 0.9035 

680 293.5 0.9338 

710 285.1 0.9500 

750 256.9 0.9900 

 

 
 

Fig. 1. T-xy Diagram for the Acetonitrile-water binary system 
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The effect of total number of stages in                 
Column-2 is shown in Fig. 12. Increased              
number of stages increases the purity of residue. 
At least 10 stages are required to obtain a 99.9 
% Acetonitrile. The increase in the fresh feed 
added to the mixer to change the composition of 
the feed to Column-2 significantly effects the 
purity of Acetonitrile obtained. The distillate 
obtained from the Column-1 is mixed with a 
stream of 99.5 % w/w Acetonitrile in the Mixer B1 
to alter the feed composition to Column-2. 
Whence, the rate at which the fresh feed is 
added to mixer has substantial effect on the 
residue rate as well as composition from the 
Column-2. This effect of varying feed rate of 

fresh feed on the residue composition is                 
shown in Fig. 13. The residue rate increases             
and the purity decreases with the increase                        
in feed flow rate. The flow rate then needs                      
to be optimized based on the economics in terms 
of the yield of the Acetonitrile from the column. 
The variation of residue rate from Column-2 with 
the fresh stream flow rate is shown in Fig. 14. 
The residue rate also depends on the reboiler 
duty. 
 
The composition of the streams with optimized 
values for reboiler duty and the rate of the Fresh 
Stream of Acetonitrile to the mixer is given in 
Table 5. 

 

 
 

Fig. 3. y-x Diagram for the acetonitrile-water binary system 
 

Table 4. Results of base case simulation 
 

Parameter/Stream FEED-1 DISTL-1 RESID-1 FEED-2 FEED-M DISTL-2 RESID-2 

Temperature K              298.15 348.20 353.66 298.00 324.44 346.66 351.24 
Density     kg/m

3
 784.31 697.93 841.94 782.14 746.88 699.86 718.70 

Average MW                 25.04 33.61 19.95 40.79 38.08 33.79 40.80 

Mass Flow   kg/hr                 

 Acetonitrile 5 4.1342 0.8658 4.975 9.1092 4.5365 4.5728 
 WATER                    5 0.8658 4.1342 0.025 0.8908 0.8892 1.57E-03 

Mass Frac                         

 Acetonitrile             0.5 0.8268 0.1732 0.995 0.9109 0.8361 0.9997 
 WATER                    0.5 0.1732 0.8268 5.00E-03 0.0891 0.1639 3.43E-04 
Total Flow  kg/hr          10 5 5 5 10.0 5.4257 4.5743 
Total Flow  l/min          0.2125 0.1194 0.0990 0.1065 0.2276 0.1292 0.1060 
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Fig. 4. Temperature profile 
 

 
 

Fig. 5. Vapor composition profile 
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Fig. 6. Liquid composition profile for acetonitrile 
 

 
 

Fig. 7. Variation of distillate rate with number of stages in column-1 
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Fig. 8. Variation of distillate rate with feed stage location in column-1 
 

a 
 

Fig. 9. Variation of distillate rate with reflux ratio in column-1 



 
 
 
 

Tasleem and Bomma; Asian J. Chem. Sci., vol. 13, no. 2, pp. 34-46, 2023; Article no.AJOCS.99588 
 

 

 
43 

 

 
 

Fig. 10. Variation of mass fraction of Acetonitrile with reflux ratio in column-2 
 

 
 

Fig. 11. Variation of mass fraction of Acetonitrile with reboiler duty for column-2 
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Fig. 12. Variation of mass fraction of Acetonitrile with total number of stage in column-2 

 

 
 

Fig. 13. Variation of mass fraction of Acetonitrile with flow rate of the fresh stream of 
Acetonitrile added to the column-2 
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Fig. 14. Variation of residue mass rate with flow rate of the fresh stream of Acetonitrile added 

to the column-2 
 

Table 5. Simulation result for the optimized columns 
 

 FEED-1 DISTL-1 RESID-1 FEED-2 FEED-M DISTL-2 RESID-2 

Temperature K              298.15 348.20 351.16 298.00 310.34 346.83 351.15 
Density     kg/m

3
          784.31 697.91 813.32 782.14 757.16 703.56 719.25 

Average MW                 25.04 33.59 20.86 40.79 38.90 35.90 40.99 
Mass Flow   kg/hr        
Acetonitrile                     5 3.6390 1.3610 14.925 18.5640 6.5277 12.0363 
WATER                    5 0.7657 4.2343 0.075 0.8407 0.8262 1.45E-02 
Mass Frac        
Acetonitrile 0.5 0.8262 0.2432 0.995 0.9567 0.8876 0.999 
 WATER                    0.5 0.1738 0.7568 5.00E-03 0.0433 0.1124 1.20E-03 
Total Flow  kg/hr 10 4.4048 5.5953 15 19.4048 7.3540 12.0508 
Total Flow  l/min          0.2125 0.1052 0.1147 0.3196 0.4271 0.1742 0.2792 

 

5. RECOVERY OF ACETONITRILE 

 
The recovery of Acetonitrile is evaluated from the 
following equation. 

 
                      

  
                                

                                        
           (1) 

 
Amount of Acetonitrile recovered will be the 
quantity of Acetonitrile obtained in the bottoms 
stream from the Column-2. The denominator 

term must include Acetonitrile in feed to both the 
columns. 
 

For the base case simulation, the percentage 
recovery of Acetonitrile was evaluated to be 
45.8%. For the optimized system, the recovery of 
99.9% pure Acetonitrile from the system 
increased to 60.4%. 
 

6. CONCLUSION 
 

The case study envisaged in the present paper, 
to recover 99.9% w/w Acetonitrile from 1:1 
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aqueous Acetonitrile stream by atmospheric 
distillation indicates the possibility of recovery 
using 2 sequential columns. Obtaining azeotropic 
mixture of acetonitrile-Water from a 50% w/w 
mixture is considerably easy and requires a 
smaller number of stages and less reflux 
conditions.The second column was optimized for 
reflux ratio, reboiler duty and amount of fresh 
feed of Acetonitrile given to the mixer before 
Column-2 to change the composition of the feed 
to Column-2. The purity of Acetonitrile obtained 
from Column-2 was found to be 99.9 % w/w.The 
recovery of acetonitrile from the proposed 
optimized set-up increased to 60.4 % from the 
base case considered for simulation. Further 
optimization in terms of process economics 
needs to be done. 
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