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The analysis of residue curve maps is essential to know the VLE behavior of a ternary mixture,
the possible existence of distillation boundaries and therefore different distillation regions in the
ternary composition diagram, and the corresponding areas where the different distillation
products are located. All this knowledge is necessary for the correct design of distillation column

sequences especially when azeotropic distillation columns are included [1-4].

As a first step, it is possible to represent qualitative residue curve maps just by knowing the
equilibrium temperature of all the characteristic points (nodes) of the ternary system, i.e. pure

components, and binary and ternary azeotropes (if they exist). The procedure is the following:

1.- To draw the ternary composition diagram (equilateral or rectangular) including all the
characteristic points (nodes) and their equilibrium temperatures:
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2.- To analyze the behavior of the residual curves (leave or enter) in the vicinity of each node
starting for instance with the node with lower boiling (VLE) temperature. The residue curves
represent the evolution of the liquid composition in a differential (simple open) distillation, and

therefore the temperature increases along the residue curves.

A (56.39C) A (56.39C) A (56.39C)
"

(55.09C) Brgh (55.09C) Bogh (55.0°C) Byt
Thgch B, A(64°C) Tisch B, A(64°C) Tisch B, A(64°C)
(58.0°C) (58.0°C) (58.0°C)
B " Bach C B Bach c B “ Buch c
64.70 64.70 64.79
a) (64.7°C) (53.49C) (61.680C) b) (64.7°C) (53.49C) (61.680C) C) (64.7°C) (53.49C) (61.680C) d)
A (56.3°C) A (56.3°C) A (56.3°C)
(55.00C) BogA (55.09C) B,pA (55.09C) Boph
Tigch B A (64°C) TiscA BycA (649C) Tigch BycA (649C)
58,0%) 58,0%) 58.0°c)

=Y =Y

By c B BcA

B : : C B Bach c
(64.7°C) (53.4°C) (61.68°C) e) (64.7°C) (53.4°C) (61.68°C) f) (64.7°C) (53.4°C) (61.68°C)

A(56.3°C)

(55.00C) Bogh

Tigch B,-A(64°C)

»
158.0°C)

B Boch *c
g) (64.7°C) (53.4°C) (61.68°C)

3.- To define the different nodes as stable (only residual curves enter, red arrows in the previous
figure), unstable (only residual curves leave, blue arrows in the previous figure), and saddle

(there are residual curves going in and going out, green arrows in the previous figure).

4.- To draw the corresponding qualitative residue curves connecting the corresponding unstable,
saddle, and stable nodes. For instance, starting with the lowest temperature node and following in

the first step the arrows of the edges of the triangle.
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5.- Analyzing the existence of different distillation regions (regions in the composition diagram
with residue curves with different topology, i.e. residue curves that start and/or end at different
nodes), the corresponding distillation boundaries can be drawn. In our case study, there are 4

different distillation regions and four distillation boundaries.
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Remark that the number of distillation regions and boundaries depends on the equilibrium
temperatures of the different nodes and not are directly related to the number of azeotropes

(binary and or ternary) that are present in the ternary system.

e More information about distillat
¢ ion boundaries and residue curves maps definition and calculation [1-4]:

Institutional Repository of the University of Alicante (RUA): http://hdl.handle.net/10045/14202.
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NUMERICAL EXAMPLES: Ternary Distillation Boundaries (LLV) kel NUMERICAL EXAMPLES: Quaternary Distillation Boundaries (LV)
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e Graphical User Interface (GUI) GMcal_TieLinesVL:
Institutional Repository of the University of Alicante (RUA): http://hdl.handle.net/10045/122857.

At this point just to comment that the MatLab Graphical User Interfaces (GUI)
GMcal_TieLinesVL [5] developed to systematically check the consistency of VLE data and
correlation results, allows representing calculated VL tie line maps and calculated Txy

equilibrium surfaces (including binary subsystems), and to check the possible existence of
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different distillation regions and boundaries [1-2]. Additionally, this GUI allows the analysis of
experimental and calculated (isobaric or isothermal) vapor-liquid (or vapor-liquid-liquid)
equilibrium data for binary and ternary systems, in the sense presented in the bibliography [6-7],
to detect the necessity of considering larger dependences (of temperature or pressure,
respectively) in the binary interaction parameters of the model used (e.g. NRTL model) and also
to check the consistency of VLE data correlation results through the topological information
contained in the Gibbs energy of mixing function. This analysis allows researchers involved in
the correlation of experimental vapor-liquid equilibrium data, to visualize experimental data’s

behavior and also the consistency and quality of the results obtained in the correlation process.

Isobaric Ternary System: Tvs. x WY

Additional just to comment that some chemical engineering process simulation software such as
CHEMCAD ®ChemStations™, also allows the representation of calculated Residue Curve
Maps.
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Residue Curve Map: Acetone / Methanol / Water by NRTL
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reason. Fluid Phase Equilibria. 2019, 493, 88-101. DOl
https://dx.doi.org/10.1016/j.fluid.2019.04.001.
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Publicly available online at: http://hdl.handle.net/10045/51725. (Including a Thermodynamic
Review).
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[10] Labarta, J.A.; Olaya, M.M.; Marcilla, A. Boundaries_LL_NRTL: Graphical User Interface
(GUI) for the Characterization of the NRTL Model: Binary Spinodal Surfaces (in the zj-7,i-Xi
space), LLE maps and Miscibility Boundaries. Institutional Repository of the University of
Alicante (RUA) 2022. Publicly available online at: http://hdl.handle.net/10045/121471.
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