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INTRODUCTION
 

Presently, process industries are facing a plenty 
of challenges like exploitation of excess energy, 
increase plant throughput, reduce process downtime, 
maintaining desired final product quality and 
increasingly stringent environmental rules and safety 
regulationsyet they still must boost yield and
profitability. Proficient monitoring, on
detection, growing demand of efficiency, reliability 
and early control of abnormal situations are always a 
valuable area of research interest. Chemical process 
plant safety, environmental regulation, production 
control and increment in plant throughput to increase 
the overall revenue are the main motives to drive the 
attention of researchers towards the robust me
for process monitoring and control strategies. To 
attain these targets, operators have to arm the plant 
with real time process control. However, anomalous 
situation at any process plant can lead to direct and 
indirect cost as well as the human fatali
no doubt a serious concern of all times. Several 
simulation software such as Aspen PLUS, Aspen 
HYSYS, Computational Fluid Dynamics (CFD, 
composed of GAMBIT and FLUENT), ChemCAD 
have been to develop that can fulfill the need of 
design, simulation and optimization of highly 
sophisticated chemical processes (Cao & Mujtaba, 
2015). Steady-state simulation is a useful tool for 
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A B S T R A C T  
The evolution of a safe, profitable and environmental friendly process consist
engineering trade-offs. Currently process industries are facedwith increasingly
challenging environment and continuous changing market condition
business objectives. These objectives can be achieved by designing plant for an 
optimum performance while reducing the risk of rework. This
using simulation studies. The production of acetone can be done b
processes, among whichthe dehydrogenation of 2-propanol (IPA) is being used widely. 
The gas-phase reaction converts IPA to acetone and hydrogen
which can be separated out using distillation. This work demonstrates
IPA and Acetone separation using Aspen Hysys® 8.0. To achieve pure product as 
distillate the effects of reflux ratio has been discussed. It can be seen that 
reflux ratio and/or number of trays in the column increase
from the top of distillation column. 
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INTRODUCTION  

Presently, process industries are facing a plenty 
of challenges like exploitation of excess energy, 
increase plant throughput, reduce process downtime, 
maintaining desired final product quality and 
increasingly stringent environmental rules and safety 
regulationsyet they still must boost yield and 

Proficient monitoring, on-time 
detection, growing demand of efficiency, reliability 
and early control of abnormal situations are always a 

luable area of research interest. Chemical process 
plant safety, environmental regulation, production 
control and increment in plant throughput to increase 
the overall revenue are the main motives to drive the 
attention of researchers towards the robust methods 
for process monitoring and control strategies. To 
attain these targets, operators have to arm the plant 
with real time process control. However, anomalous 
situation at any process plant can lead to direct and 
indirect cost as well as the human fatalities which is 
no doubt a serious concern of all times. Several 
simulation software such as Aspen PLUS, Aspen 
HYSYS, Computational Fluid Dynamics (CFD, 
composed of GAMBIT and FLUENT), ChemCAD 
have been to develop that can fulfill the need of 

ion and optimization of highly 
(Cao & Mujtaba, 

state simulation is a useful tool for 

making process design and operational model of a 
system which allows us to do experiments and get 
the understanding about the behavior of the system 
and evaluation of additional approach for the 
continuous development of the system. It has ability 
to reproduce and check the behavior of the system till 
acknowledged degree of accuracy 
& Kiss, 2014; Luyben, 2013)
insight into the plant behavior which is very useful to 
demonstrate and enhance the designs, operational 
safety that can minimize the capital as well as 
operating cost of the plant. It is extensively used to 
maintain normal operation and
steady state; it can also predict the ultimate response 
of any system in event of an emergency 
investigation, design, control, sizing and 
optimization of  batch and continuous process control 
in distillation column have been extensively in 
practice for more than a century
Steady-state distillation column can be represented 
by nonlinear algebraic equation which comprises of 
component balances, energy balances
liquid phase equilibrium relationships
Chien, 2011). Aspen HYSYS and Aspen PLUS are 
powerful tools which provide the ample systems for 
the online process modeling;
the general performance of a particular process using 
fundamental relationships of mass, energy, phase and 
chemical equilibrium. Aspen HYSYS can 
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can be achieved by designing plant for an 

. This can be carried out by 
cetone can be done by several alternate 

propanol (IPA) is being used widely. 
and hydrogen and some amount of IPA, 

demonstrates the simulation of 
separation using Aspen Hysys® 8.0. To achieve pure product as 

t can be seen that increasing the 
reases the purity of the product 
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making process design and operational model of a 
system which allows us to do experiments and get 

ing about the behavior of the system 
and evaluation of additional approach for the 
continuous development of the system. It has ability 

check the behavior of the system till 
acknowledged degree of accuracy (Dimian, Bildea, 

2013). It can easily provide 
insight into the plant behavior which is very useful to 
demonstrate and enhance the designs, operational 
safety that can minimize the capital as well as 
operating cost of the plant. It is extensively used to 

operation and to achieve desired 
it can also predict the ultimate response 

of any system in event of an emergency failure. The 
investigation, design, control, sizing and 
optimization of  batch and continuous process control 

olumn have been extensively in 
practice for more than a century (Luyben, 2015). 

state distillation column can be represented 
by nonlinear algebraic equation which comprises of 

onent balances, energy balances and vapor–
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the general performance of a particular process using 
fundamental relationships of mass, energy, phase and 

Aspen HYSYS can 
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interactively make decisions by taking instant action 
on assumptions using backward calculation 
capabilities. Distillation processes are used to 
represent maximum percentage of separation 
operation which are very effective in refineries and 
petrochemical industries (Gil, Gomez, & Rodriguez, 
2012). Distillation column has been subject of 
discussion during last decades in research and 
industries (Hurowitz, Anderson, Duvall, & Riggs, 
2003; Luyben & Chien, 2011; Maciel & Brito, 1995; 
Ross, Perkins, Pistikopoulos, Koot, & Van Schijndel, 
2001; Shinskey, 1990). Distillation processes 
signifies its importance in the field of separation at 
different refining and chemical process industries. It 
can be used as substantial way for the energy 
consuming processes in the chemical industry. 
Reduction in the energy requirement can leads to 
lowering operating cost is the fundamental objective 
of all chemical manufacturers around the world (Le, 
Halvorsen, Pajalic, & Skogestad, 2015). This paper 
aims to demonstrate a steady-state simulation in 
Aspen HYSYS to optimize different design 
parameters enhance the purity of product.  

 
Distillation Column Upsets and Operational 
Difficulties: 

A distillation column is multivariable system 
and disturbance in any parameter can affect the 
overall performance of the column. But in some 
cases, few parameters show dominant behavior 
relative to others. Poor performance in distillation 
column can lead to severe accidents as well as 
production loss. Poor performance in distillation 
column can be due to following reasons  such as; 
poor performance upstream experiencing problem, 
caused by leaks, misleading laboratory analysis and 
oversight in design stage. There are some major 
problems which can lead to severe upsets in column 
operation. For example, reflux can affect both purity 
and column temperature. Similarly, the disturbance 
in pump around can affect the side draws.  If the 
liquid level in the bottom sump of the column rises 
above the reboiler return nozzle, vapor from reboiler 
will travel upward through the liquid layer. In case of 
shallow liquid layer, the vapor can atomize the liquid 
carry over as a mist into the first tray from the 
bottom. This may lead to premature flooding (H. 
Kister, 1990; H. Z. Kister, 1980; Kitterman, 1976; 
Lieberman, 1987; Mahiout & Vogelpohl, 1987). In 
case of deep liquid layer, several trays may be 
flooded; vapor will travel through the liquid in form 
of slugs, causing a phenomenon called Flooding. It 
can affect the column in many ways like loosening of 
bolts, tray damage or lifting of the trays from  their 
supports (Branan, 1978; H. Kister, 1990). In case of 

heavy flooding, the maximum capacity of the column 
may be severely reduced. In the same way, there are 
some other upsets such as, liquid level in the reflux 
accumulator, change in column feed temperature and 
flow rates, pump around flow and return temperature, 
temperature and pressure profile, cooking, hydrates 
formation etc. (H. Kister, 1990; H. Z. Kister, 1980). 
Failure to recognize and eradicate above operational 
pitfalls can make our process vulnerable to 
catastrophic accidents, loss of life, injuries, damages 
to column and its internal and lengthy shutdown 
periods. 

 
Process Studies and Design Procedure: 

Acetone is used as solvent for biological 
sensitive process as well as in pharmaceutical 
formulation. The fully instrumented control 
Distillation Column is a distillation column situated 
in Block III Universiti Teknologi PETRONAS that 
can be self-sufficiently run using mixture of 
Isopropanol (IPA) and Acetone. Systematic and 
realistic modeling has been done to develop an 
understanding about distillation column parameters 
variation to maintain product quality. The feed 
consisting of binary mixture IPA and Acetone at a 
known composition (mixture 30% acetone 
composition) is pumped from the feed tank (V-104) 
through the Heat Recovery Exchanger (E-100A) 
before entering to the distillation column at a desired 
temperature and at a desired feed point. The mixture 
in the reboilerwill start to boil and tray temperatures 
will start to rise from the bottom to the top tray. The 
reboiler (E-100) provides the heat for evaporation of 
the mixture. The component with lower boiling point 
will undergo to the stripping and rectification process 
in the column before eventually separated as a top 
product. The condenser at the top of the column 
utilizes the cooling water as cooling media. Lighter 
component of the mixture will be collected in a 
reflux drum (V-106) after which it can be partially 
returned into the column as a reflux while the 
remaining is collected in the distillate tank at 
collection point. On the other hand the higher heavier 
end remains at the bottom and is collected in the 
bottom product and recycled to Mix-100. Provision 
is provided for the top and bottom product to be 
recycled back into the feed tank. The following Unit 
Operation Block data has been used to simulate 
column as mentioned in Table 1.Pilot scale 
distillation column block III UTP, is used to make a 
case study. Column comprises of 15- bubble cap tray 
with the size of DN 150x5.5 m (H) with approx. 
35cm tray spacing. Column internals are made up of 
stainless steel with section of 1 ray each provided 
with sight glass and insulation. 
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Table 1: Column/Reboiler Specification 
Specifications Details 
Distillation Column (T-100) 
Column Height 5.5 m 
Colum Diameter DN = 0.15m 
No. of Trays 15-plates 
Feed Stage 10th plate 
Type of Tray Bubble Cap Tray 
Tray Spacing Approx. 35 cm 
Material of Construction Stainless Steel 

Other specifications 
Internal has sections of 2 trays each. 
Sight glasses insulation 

Type  Plate type heat exchanger  
Feed Preheater (E-100B) 
Exchange Area  1.2 m2 
Material of Construction Stainless Steel 

 
The feed conditions and other parameters are 

mentioned in Table 2. The column contains 15 
bubble cap trays. The top stage is stage 2 and the 
bottom one is stage 14 with the condenser and 
reboiler as stage 1 and 15 respectively. Total 
condenser has been selected to get liquid from 
condenser. A Standard distillation column with one 

feed stream and two product stream has two degree 
of freedom once the feed pressure, number of stages 
and feed stage has been identified. There are several 
ways to solve DOF by defining the Reflux Ratio, 
Distillate Rate or Overhead Vapor rate in the column 
specification window. 

 
Table 2: Feed Condition and other Specifications 

Feed Conditions 
Temperature [C] 30.0  
Pressure  [kPa] 105.6 
Molar Flow [kgmole/h] 3600.0 
Acetone mole fraction  0.3 
2-Propanol mole fraction  0.7 
Reflux Ratio [molar] 3.0  
Distillate Rate [kgmole/hr] 1080  
Condenser Pressure [kpa] 101.3 
Reboiler Pressure [kpa] 105.7 

 
Thermodynamic Model: 

The choice of appropriate thermodynamic model 
and the accuracy of parameters are crucial for the 
reliability of design. The Nonrandom Two-Liquid 
(NRTL) Model equation of state physical has been 
selected as property package (base method) in Aspen 
HYSYS steady-state Simulation. NRTL model is 
generally suggested for highlynon-ideal chemical 
systems and can be used for both VLE and LLE 
applications. The equation for the NRTL model is 

���� =
∑ ��	�
��
�

∑ ����
�
+ ∑

���
�

∑ ������
� (��� −

∑ ��	������

∑ ����
  (1) 

Where,  
��� = exp�−�������                                                 (2) 

��� = ��� +
�
�

�
+ ������ + ����                               (3) 

 

��� =  �� + !��(� − 273.15()                               (4) 
��� = 0                                                                     (5) 
��� = 1                                                                    (6) 

 
The binary parameters, aij, bij, eij, f ij are 

unsymmetrical. The Aspen physical property system 
has a large number of built-in binary parameters for 
the NRTL model. The activity coefficient method 
such as NRTL shows good approximation for highly 
non-ideal liquid mixtures and low pressures. It can be 
used to estimate the binary parameters from 
experimental data e.g. equilibrium data. They can 
only be used at low pressures (below 10 
atm.)(Gebreyohannes, Neely, & Gasem, 2014; 
Luyben & Chien, 2011). 
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Fig. 1: Process Flow Diagram for Acetone Production Using Aspen HYSYS® 8.0 

 
The NRTL model is among the most extensively 

used activity coefficient models in phase equilibria. 
For non-ideal mixtures and partially immiscible 

systems this model provides good approximation of 
experimental equilibrium data 
 
Assumptions: 

The follo 
wingassumptionswereconsideredinmodeling of pilot 
scale distillation column along with auxiliary 
equipment using Aspen HYSYS® as process 
simulator. 

• Liquid on the tray is perfectly mixed and 
incompressible. 

• Tray vapor holdups are negligible. 
• Dynamics of the condenser and the reboiler 

is neglected. 
• Vapor and liquid are in thermal equilibrium 

but not in phase equilibrium. 
 

Tray Modeling: 
Under these assumptions, the steady state 

operation of each module is considered by the 
following equations, commonly referred to as the 
MESH equations. [MESH = material balance 
equations, efficiency relations, summation equation, 
and heat (enthalpy) balance equations]. 
 

+�,- + .�/- − +� − .� = 0                                                           (6) 

(Material balance equation): 
 
12 − 12/3 =  425[12

∗(82, :2, ;2) − 12/3]                 (7) 
 

(Stage efficiency relations): 
Where, =� = >


?

  and  @� = A


B

 

+� =  ∑ ���
CD
�E-                                                           (8) 

.� =  ∑ F��
CD
�E-                                                           (9) 

 
(Summation equation): 
+�,-ℎ�,- + .�/-ℎ�/- − +�ℎ� − .�ℎ� = 0                    (10) 
 
(Enthalpy balance equation): 
 

RESULTS AND DISCUSSION 
 
First Step of this study was the analysis of a 

given binary mixture system, with a defined physical 
property package. Aspen physical property system 
has a large number of built-in binary parameter for 
different models. The column specification diagram 
i.e. temperature, pressure, composition and K values 
can easily be generated in Aspen with the calculation 
of phase equilibrium relationship that are all hidden 
is Aspen data bank. The column temperature 
composition profile and K-value are mentioned in 
figures 1-3. 
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Fig. 2: Temperature Profile of the Column T

Fig. 3: Composition Profile of the Column T
 

 
Fig. 4: Vapor-Liquid K-values Profile

 
In second step the analysis was done by 

changing the Reflux Ratio in column (T
varying the value of reflux ratio from 
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Temperature Profile of the Column T-100 

 
Composition Profile of the Column T-100 for Acetone and IPA 

 

Profile for Acetone and IPA in Column T-100 

In second step the analysis was done by 
changing the Reflux Ratio in column (T-100), by 

he value of reflux ratio from 0.5-2.5 molar 

with thestep change of 1 molar
increasing the reflux ratio from 0.5
composition of Acetone in the distillate is 

9(36) December 2015, Pages: 535-542 

with thestep change of 1 molar. It is observed that by 
increasing the reflux ratio from 0.5-2.5 the 

of Acetone in the distillate is 
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increasing.As shown in Figure 
  

Fig. 5: Composition Profile of the Column T
 
As the reflux ratio is increased, the purity of 

distillate increases for a given number of trays. This 
is due to the fact that increasing reflux ratio causes 
more of the liquid with higher concentration of 

  

Fig. 6: Composition Profile of the Column T
 
To investigate whether the simulation results 

confirm this widely accepted theory, three reflux 
ratios (0.5, 1.5 and 2.5 molar)were used in the 
simulation, while the number of trays were kept 
constant i.e. 15. Effects of these three reflux ratios 
were observed on the purity of distillate, i.e. theliquid 

 
Table 3: Effect of Reflux Ratio on Distillate concentration

Reflux Ratio 
0.5 
1.5 
2.5 
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igure 5, 6, and 7 respectively.

 
Composition Profile of the Column T-100 for Acetone and IPA at Reflux Ratio 0.5 molar

As the reflux ratio is increased, the purity of 
en number of trays. This 

is due to the fact that increasing reflux ratio causes 
more of the liquid with higher concentration of 

volatile component to flow back in to the column.
The McCabe Theile method 
this fact(Green, 2008; McCabe & Smith, 1976)

 
Composition Profile of the Column T-100 for Acetone and IPA at Reflux Ratio 1.5 molar

To investigate whether the simulation results 
confirm this widely accepted theory, three reflux 
ratios (0.5, 1.5 and 2.5 molar)were used in the 
imulation, while the number of trays were kept 

Effects of these three reflux ratios 
observed on the purity of distillate, i.e. theliquid 

mole fraction of acetone. Simulation results are 
summarized in Table 3, which are in line with 
theoretical grounds. The liquid mole fracti
acetone increases from 0.70 to 0.9
increases.

atio on Distillate concentration 
Liquid Conc. (Acetone) 
0.70 
0.89 
0.96 
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100 for Acetone and IPA at Reflux Ratio 0.5 molar 

volatile component to flow back in to the column. 
 can be used to verify 

(Green, 2008; McCabe & Smith, 1976).

for Acetone and IPA at Reflux Ratio 1.5 molar 

mole fraction of acetone. Simulation results are 
, which are in line with the 

theoretical grounds. The liquid mole fraction of 
to 0.96 as the reflux ratio 
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Using the figure 6, the effect of number of trays 
on distillate purity can also be verified. Literature 
shows that a larger number of trays enhance the 
degree of separation. In figure 6, we can see
product composition of 0.73 (molar fraction of 

 

Fig. 7: Composition Profile of the Column T
 
Table 4: Effect of Reflux ratio on Distillate concentration

Stage 
5 
4 
3 
2 
1 (Condenser) 

 
However, it is interesting to note in Tables 

4 that attaining purity beyond 0.96 
be more demanding as the increase of reflux ratio 
from 1.5 to 2.5 only added 0.07
concentration in distillate, while the
from 14 to 15 only added 0.03
concentration in distillate. It can be concluded that 
for high purity, more number of stages and higher 
reflux ratio would be required and thus the economic 
feasibility of such operations should be investigated.

 
Conclusion:  

The Acetone process illustrates 
to get optimum performance. Same as reflux ratio 
and number of stages, other parameters like 
rate, reflux rate, feed position and 
can also be adjusted to get optimum results in term of 
energy saving and further reduction in the capital 
costs. This research leads further to develop 
control strategy required for start
operations using Aspen Plus Dynam

 
REFERENCES

 
Branan, C., 1978. The Fractionator Analysis 

Pocket Handbook: Gulf. 

                                                                         Syed A. Taqvi et al, 2015 
Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 535

Using the figure 6, the effect of number of trays 
on distillate purity can also be verified. Literature 
shows that a larger number of trays enhance the 
degree of separation. In figure 6, we can see that 

(molar fraction of 

acetonein liquid) was achieved atstage 
number of stages were increased up to 15, the 
distillate composition increased to 0.9
are summarized in Table 4. Note that the reflux 
is constant (2.5 molar) for this study.

 
Composition Profile of the Column T-100 for Acetone and IPA at Reflux Ratio 2.5 molar

Effect of Reflux ratio on Distillate concentration 
Liquid Conc. (Acetone) 
0.73 
0.82 
0.88 
0.93 
0.96 

However, it is interesting to note in Tables 3and 
 can be inferred to 

be more demanding as the increase of reflux ratio 
07 in the acetone 

concentration in distillate, while theincrease of stages 
3 in the acetone 

concentration in distillate. It can be concluded that 
for high purity, more number of stages and higher 
reflux ratio would be required and thus the economic 
feasibility of such operations should be investigated. 

ocess illustrates various designs 
to get optimum performance. Same as reflux ratio 

other parameters like distillate 
feed position and tray efficiencies 

can also be adjusted to get optimum results in term of 
energy saving and further reduction in the capital 

This research leads further to develop the 
strategy required for start-up and plant 

operations using Aspen Plus Dynamics. 

REFERENCES 

The Fractionator Analysis 

Cao, W.S. and I.M. Mujtaba, 2015. Simulation 
of Vacuum Membrane Distillation Process for 
Desalination with Aspen Plus. 
Engineering Chemistry Research, 54
doi: 10.1021/ie502874c 

Dimian, A.C., C.S. Bildea
Integrated design and simulation of chemical 
processes (Vol. 35): Elsevier. 

Gebreyohannes, S., B.J. Neely
2014. One-parameter modified nonrandom two
liquid (NRTL) activity coefficient model. 
Phase Equilibria, 379: 196-205. 

Gil, I.D., J.M. Gomez and
Control of an extractive distillation process to 
dehydrate ethanol using glycer
Computers & chemical engineering, 39
doi: 10.1016/j.compchemeng.2012.01.006

Green, D.W., 2008. Perry's chemical engineers' 
handbook (Vol. 796): McGraw

Hurowitz, S., J. Anderson, 
Riggs, 2003. Distillation control configuration 
selection. Journal of Process Control, 13

Kister, H., 1990. Distillation OperationMcGraw
Hill. New York, 329.  

Kister, H.Z., 1980. Guidelines for designing 
distillation-column internals. Chemical Engineering, 
87(10): 138-142.  

9(36) December 2015, Pages: 535-542 

) was achieved atstage 5 i.e. as the 
stages were increased up to 15, the 

distillate composition increased to 0.96. These results 
. Note that the reflux ratio 

is constant (2.5 molar) for this study. 

100 for Acetone and IPA at Reflux Ratio 2.5 molar 

Mujtaba, 2015. Simulation 
of Vacuum Membrane Distillation Process for 
Desalination with Aspen Plus. Industrial & 

Research, 54(2): 672-680. 

Bildea and A.A. Kiss, 2014. 
Integrated design and simulation of chemical 

 
Neely and K.A. Gasem, 

parameter modified nonrandom two-
liquid (NRTL) activity coefficient model. Fluid 

205.  
and G. Rodriguez, 2012. 

Control of an extractive distillation process to 
dehydrate ethanol using glycerol as entrainer. 
Computers & chemical engineering, 39: 129-142. 
doi: 10.1016/j.compchemeng.2012.01.006 

Perry's chemical engineers' 
(Vol. 796): McGraw-hill New York. 

Anderson, M. Duvall and J.B. 
illation control configuration 

Journal of Process Control, 13(4): 357-362.  
1990. Distillation OperationMcGraw-

1980. Guidelines for designing 
Chemical Engineering, 



542                                                                         Syed A. Taqvi et al, 2015 
Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 535-542 

 

Kitterman, L., 1976. Tower internals and 
accessories. Paper presented at the Congresso 
Brasileiro de Petroquimica, Rio de Janeiro. 

Le, Q.-K., I.J. Halvorsen, O. Pajalic and S. 
Skogestad, 2015. Dividing wall columns for 
heterogeneous azeotropic distillation. Chemical 
Engineering Research and Design.  

Lieberman, N., 1987. Troubleshooting natural 
gas processing: Wellhead to transmission.  

Luyben, W.L., 2013. Distillation design and 
control using Aspen simulation: John Wiley & Sons. 

Luyben, W.L., 2015. Aspen Dynamics 
simulation of a middle-vessel batch distillation 
process. Journal of Process Control, 33: 49-59.  

Luyben, W.L. and I.-L. Chien, 2011. Design and 
control of distillation systems for separating 
azeotropes: John Wiley & Sons. 

Maciel, M.W. and R. Brito, 1995. Evaluation of 
the dynamic behavior of an extractive distillation 
column for dehydration of aqueous ethanol mixtures. 
Computers & chemical engineering, 19: 405-408.  

Mahiout, S. and A. Vogelpohl, 1987. MASS-
TRANSFER OF HIGHLY VISCOUS MEDIA ON 
SIEVE TRAYS. Paper presented at the FETT 
WISSENSCHAFT TECHNOLOGIE-FAT 
SCIENCE TECHNOLOGY. 

McCabe, W.L. and J.C. Smith, 1976. Unit 
operations of chemical engineering: McGraw-Hill. 

Ross, R., J. Perkins, E. Pistikopoulos, G. Koot 
and J. Van Schijndel, 2001. Optimal design and 
control of a high-purity industrial distillation system. 
Computers & chemical engineering, 25(1): 141-150.  

Shinskey, F.G., 1990. Process control systems: 
application, design and tuning: McGraw-Hill, Inc.

 


