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APRESENTAÇÃO

Neste segundo volume, sobre a Produção do Conhecimento na Engenharia 
Química, apresentamos diversos trabalhos desenvolvidos com pesquisas relacionadas 
às áreas de energias renováveis, abordando diferentes biomassas, produção de 
bioetanol, biodiesel e também utilização de energia solar nos processos. 

Com intuito de reduzir os impactos gerados pelos combustíveis fósseis, os 
trabalhos apresentados mostram, por exemplo, o farelo de arroz como suplemento 
no meio fermentativo para produção de etanol, obtenção de biodiesel a partir de óleo 
de mamona comparada ao simulador, estudo da biomassa do capim elefante, energia 
solar para destilação de etanol, entre outros.

Além disto, este volume trás para você pesquisas voltadas à área de bebidas 
fermentadas, sendo o foco destes estudos a melhoria dos produtos e dos processos de 
fabricação. Os trabalhos abordam, entre outras coisas, efeitos de produtos adicionados 
na fermentação, como trub, e no mosto, como chá verde; avaliação microbiológica 
e melhoria na produção de cerveja artesanal; bem como desenvolvimento de 
procedimentos para determinação de metais em cachaça de alambique de cobre.

Também é possível visualizar trabalhos com diferentes tipos de métodos 
empregados com a finalidade de proporcionar melhores processos produtivos e 
gerar maiores cuidados com o meio ambiente, relacionados à prevenção e remoção 
de poluentes. Nestes trabalhos verificam-se métodos de adsorção, secagem, 
caracterização, separação, assim como simulação computacional de processos.

Portanto, os trabalhos selecionados possibilitam conhecimento de novos 
materiais, técnicas e processos, como também cuidados com meio ambiente e 
desenvolvimento tecnológico, expondo a produção de conhecimento na Engenharia 
Química, de grande importância para ciência e para a sociedade.

Fundamentado nestes trabalhos, que você possa aperfeiçoar seus saberes nesta 
área.

Bom estudo.

Carmen Lúcia Voigt
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CAPÍTULO 18
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ABSTRACT:  The industry has been undergoing 
major technological advances in the field of 
separation engineering, but still distillation 
continues to stand out, mainly because it can 
separate real mixtures on a large scale, but 
some of these combinations have the same 
composition as the liquid phase. at the boiling 
point, and is identical to that of equilibrium 
steam so they cannot be separated by 
conventional distillation, these combinations 
are called azeotropic mixtures. The objective 

of this paper is to simulate the methyl sulfoxide 
solvent for separation of the maximum boiling 
point azeotropic mixture between acetone and 
chloroform, which is very difficult to separate, 
using the ProSim Plus simulator with the aid 
of the NRTL thermodynamic model. provide 
real data and graphs of component behavior 
in relation to separation. To achieve a good 
separation, it was necessary to use two 
distillation columns where the first iris breaks 
the azeotrope and the safe separates solvent 
with the component that has the most affinity. 
Through the simulation it was possible to realize 
that the solvent was very effective in separating 
the azeotrope, where found in the top stream of 
the first column more than 92% acetone. From 
the data obtained, it can be concluded that the 
solvent is very effective for this separation and 
very promising for future studies. 
KEYWORDS: Azeotrope, Simulation, Extractive 
Distillation and Methyl Sulfoxide.

INTRODUCTION

The distillation process is based on 
the volatility difference of the components to 
be separated, where the distillation column 
separates into top product and bottom product. 
A distillation column consists of a series of plates 
or trays, commonly called stages. Structural 
arrangements of the column are made such that 
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the liquid flowing down the column has as much contact as possible with the rising 
steam (REIS, 2002).

In the chemical industry, it is rare to use ideal mixtures in processes, usually non-
ideal mixtures are most commonly used in processes, but some of them cannot be 
separated by simple distillation because of the formation of the azeotrope, which is a 
mixture. which has the same composition in the liquid phase, the vaporization moment 
and the vapor phase (SMITH, NESS e ABBOT,2007). Therefore, the addition of a third 
component having a high boiling point greater than the boiling point of the components 
to be separated is required, and which alters the properties of the azeotrope to achieve 
separation.

The increase in relative volatility between the near boiling components caused by 
the introduction of a selective solvent, which has a stronger affinity for one component 
type in the mixture (LEE, 2000). In this study, the distillation of the acetone-chloroform 
system using dimethyl sulfoxide was controlled and optimized. Extractive distillation 
may be more energy efficient than azeotropic separation, where a liquid phase division 
is used to overcome distillation limits. (LEI, LI e CHEN 2003, 121-213). This is especially 
true when using thermally integrated sequences (KNAPP and DOHERTY 1990, 969-
984). It has been reported that pressure swing distillation, although distillation on the 
basis of obtaining the highest purity product, as no solvent is added to the azeotrope, 
but is not attractive for acetone system separation -chloroform as, its composition is not 
sensitive to pressure changes.

The non-random two-liquid thermodynamic model (NRTL) is used for the simulation 
process, so ProSim Plus allows the engineer to advance and use sophisticated models 
to represent, with almost all complexity, the actual behavior of components and plant, eg 
chemical reactor design with wide range of complex reactions, multi-stage separators 
for liquid-liquid extraction, columns multi-stage liquid-liquid-vapor, solid treatment 
equipment, heat exchanger, etc.

MATERIALS AND METHODS

Simulation Description

Initially for the formation of the azeotrope, the two components acetone and 
chloroform were introduced into stream 2 at 100 Kmol / h with the molar fraction of 0.65 
chloroform and 0.35 acetone, so that the formation of the azeotrope occurs, there are 
327 K and with the pressure of 1.1 atm. After the formation of the azeotrope, where 
the product obtained went to the distillation column D1, where was also inserted the 
amount of 75 Kmol / h of methyl sulfoxide solvent with a temperature of 390K and 
with a pressure of 1.1 atm. Where the solvent has been inserted above the azeotrope 
into the distillation column, and below some top column dishes, so that a good deal of 
solvent concentration still continues in the column dishes.
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In column D1 where acetone (lowest boiling component) goes to the pickling section 
while chloroform goes along with the scraper to the grinding section. (LANGSTON et al. 
2005). The gravity-falling solvent will soon come in contact with the steam rising from 
the bottom of the column on each plate. Steam that is generated from the bottom of the 
distillation column, on account of the referrer where the highest boiling vapor, which 
provides more heat to the liquid and exits from the bottom of the column D1, while 
the lowest boiling steam exits at the top of the column. The lower stream feeds the 
distillation column D2, as there is no azeotrope formation, as the chloroform has lower 
boiling temperature will come out at the top of the column while the solvent comes out 
at the bottom and goes to the mixer to be reused as well as the fi gure 1.

Figure1. Flowchart of the separation of the acetone-chloroform azeotrope with methyl sulfoxide 
using the ProSim Plus simulator.

Source: Author.

Process Optimization

For process projection, some parameter adjustments were necessary for the 
process to occur effi ciently. Multistage uses were required on both distillation columns. 
Column D1 required 26 stages to separate the azeotrope, while column D2 separated 
chloroform and methyl sulfoxide by 10 stages. The minimum refl ux rate and minimum 
solvent fl ow rate were determined to achieve the minimum thermal heating of the new 
boiler. The effect of solvent fl ow on constant refl ux rate and the combined effect of 
solvent fl ow and refl ux rate on the amount of chloroform in the distillate stream for the 
acetone-chloroform-methyl sulfoxide system and the number of trays used in each 
feed. as illustrated in table 1.
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Parameters D1 D2
Condenser Heat (Kcal/h) 12 4

Heat Exchanger Heat 
(Kcal/h)

72 18

Tray location
food

10 6

feed tray
solvent

4 -

 
Reflux Rate

0,90 0,72

Table 1.  Parameters used for process optimization.

RESULTS

According to the results obtained in Table 2 by ProSim Plus, it is possible to verify 
the azeotrope break when a 0.92 molar fraction of acetone was obtained at the top of 
column D1 and with a molar fraction of 0.028 chloroform at the top. and the remainder 
of the solvent showing that the solvent was very effective by dragging the chloroform in 
large quantities to the bottom with a small fraction of acetone. In the distillation column 
D2 a good solvent separation with chloroform was obtained without the use of many 
dishes.

 Components Current 1 Current 2 Current 3 Current 4 Current 5 Current 6 Current 7
Acetone 0 0,35

0,92005
0,0020 0,0862 0,0012 0,00001

Chloroform 0 0,65
0,02805

0,4735 0,9033 0,0047 0,00001

Methyl 
sulfoxide

1 0 0,0519 0,5245 0,0105 0,9941 0,99998

Table 2 – Fraction of components in chains

The objective of specifying the results was to show the molar fractions of the 
components in the streams, as presented in Table 2, and to ensure the obtaining of 
products with high purity and the minimization of pollutants.

According to the results obtained, both components have very similar 
characteristics in relation to vaporization enthalpy, which is the amount of energy 
needed to find the thermodynamic equilibrium, with its own vapor, when the complete 
passage to the gaseous state will occur, as well. As both will be undergoing this change 
at close temperatures, it is even more difficult to separate, especially when the formation 
of the azeotrope, as illustrated in figure 2.
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Figure 2. Graph of acetone and chloroform mixture according to vaporization enthalpy and 
temperature.
Source: Author.

Acetone evaporates faster than chloroform, so acetone is more volatile than 
chloroform. fi gure 3 represents the vapor pressure curve of the components as a 
function of temperature. Thus it can be said that any point on the PT curve represents 
an equilibrium mixture of liquid and vapor of the acetone-chloroform components. 
It is common to call this equilibrium between saturated vapor and saturated liquid. 
Saturated liquid means liquid at the boiling point and saturated vapor at the dew point, 
which turned out to be another obstacle in separating this azeotrope.
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Figure 3. Graph of the mixture of acetone and chloroform according to vapor pressure to 
temperature.
Source: Author.

Another important factor in this azeotrope is its surface tension, which occurs at 
interfaces between a liquid and a vapor, such as acetone and chloroform, as illustrated 
in fi gure 4. Unlike the acetone molecules within the solution, there is an imbalance 
of forces. with the molecules at the interface, leading to surface tension. The surface 
tension of a liquid will be higher the higher the intermolecular forces. The adhesion 
between acetone and chloroform, ie its tendency to adhere or spread on the contacting 
liquid surfaces, is also intrinsically related to surface tension. Thus, the higher the 
surface tension, the greater the angle of contact of the liquid with the surface, and 
consequently the lower its adhesion, so it can be said that the lower its boiling point, 
the lower its surface tension will be according to the surface. temperature
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Figure 4.  Surface tension according to acetone-chloroform mixture temperature.
Source: Author.

The results show that the second coeffi cient of the virial is highly linked to the 
separation of this maximum boiling azeotrope because, as the temperature increases, 
acetone ends up having a greater deviation from the ideality of a perfect gas in 
relation to chloroform and methyl sulfoxide, as expressed. For this reason and due to 
the molecular interactions between chloroform and methyl sulfoxide, acetone is not 
dragged to the bottom of the column with the solvent.
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Figure 5. Graph of acetone and chloroform mixture according to the second virial coeffi cient in 
relation to temperature.

Source: Author.

Another result obtained by the ProSimPlus simulator was the residual curve map. 
This diagram represents the variation of liquid phase composition over time in the 
distillation process. The residual curve map is a very useful tool as it serves as an initial 
parameter to estimate possible products of the distillation process. Residual diagrams 
can be employed to select the best carrier solvent for a given distillation column 
arrangement, as can be seen from the diagram how methyl sulfoxide is effective for 
breaking this azeotrope. These diagrams are generally presented for ternary mixtures, 
as each component is located at the vertex of the triangle and the residual curves can 
be viewed in the two-dimensional fi eld in fi gure 6. The arrangement of the components 
in the diagram should be favorable for rapid interpretation where allowed. the analysis of 
the component fraction at that particular point. This residual curve is usually calculated 
by applying the phase equilibrium assumption, ie the currents that leave any dish in a 
distillation process are in equilibrium. However, it is known that the equilibrium model 
is a hypothetical assumption that can hardly be reached in a real distillation process. 
Figure 6 shows the residual curve of the ternary acetone-chloroform-methyl sulfoxide 
mixture where it is possible to perceive the net paths of formation of the residual curves 
of the mixture.
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Figure 6 - Residual curve map of the acetone-chloroform-methyl sulfoxide mixture.
Source: Author.

Top (condenser) and bottom (referrer) temperatures are the boiling temperatures 
of the most volatile component and the heaviest component. The temperatures of the 
other stages are determined from a linear interpolation, calculated by the saturation 
pressure of each component at the temperature of each plate. The ratio between these 
values   and the column pressure represents the equilibrium constant value for each 
component on each plate so that the number of stages of the fractionation column 
corresponds to the number of effective vaporization and condensation steps required 
to obtain a top product with favorable composition. This parameter can be expressed 
in terms of the number of dishes. The results for the dishes, obtained through the 
simulation, are recorded in Figure7.
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Figure7. Data obtained in column D1 by the ProSimPlus simulator.
Source: Author.

Another economically important aspect is the recovery of methyl sulfoxide in 
column D2, and it is much easier to separate because it does not form an azeotrope 
so you need a much smaller number of dishes, as you can see in fi gure 8, besides It 
is possible to realize that even the amount of refl ux is minimal compared to Column 
D1, reducing well the energy expenditure with the temperature used in the solvent 
purifi cation.
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Figure 8. Data obtained in column D1 by the ProSimPlus simulator.
Source: Author.

DISCUSSION

According to the results it was found that extractive distillation cannot obtain 100% 
solvent purity because methyl sulfoxide coming from the base of the solvent recovery 
column contains a small amount of impurity which infl uences the separation effect, 
when a recycle stream is used for solvent reuse.

CONCLUSION

The computed data were implemented in PROSIM Plus and showed that the 
NRTL model, used for the calculation of the coeffi cients of activity of the liquid and vapor 
phase, was very effective in predicting with good precision the equilibrium behavior of 
the systems.

The simulation of the extractive distillation column model used to process the 
separation of the acetone-chloroform mixture was successfully obtained, obtaining a 
good fraction of the product at the top, besides the present work demonstrates that the 
methyl sulfoxide solvent was very effective and very promising for separation of this 
type of system.
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