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ABSTRACT 

 

For reactive systems, equations of state (EoS) may predict the existence of (reactive) three-

phase lines (R-3PLs). In general, only a part of a specific R-3PL contributes to the 

heterogeneous region (HR) of a reactive phase diagram of specified initial global composition 

z0 (also named “reactive isopleth” (R-IP)). In this work, we propose a method for detecting the 

segments, of an already computed R-3PL, that should contribute to the HR of a yet to be 

computed R-IP (of already specified z0). The method consists of solving, for each point of the 

R-3PL (R-3PP), a system of equations related to reactive two-phase constant phase fraction 

lines that originate at the R-3PP. The R-3PP contributes to the R-IP if the solution of such 

system satisfies a number of restrictions. The graphical abstract (GA) shows three R-IPs for the 

methanol(M) + dimethyl ether(DME) + water(W) reactive system (DME + W ⟷ 2M), 

 



 

calculated using the Peng-Robinson EoS, at varying initial DME/W ratio (RDME-W, mole basis), 

i.e., at varying initial global component-mole-fraction vector z0. In all three cases M is initially 

absent. The GA also includes a complete computed R-3PL (green line) which starts, for the T 

range of the GA, at point A and ends at a reactive critical end point (R-CEP). The R-IPI at RDME-

W=2.33 (𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.7, 𝑧𝑊
0 = 0.3) is made of a single reactive saturation segment and 

the entire R-3PL is compatible with the global initial composition of this R-IP (z0
I). The R-IPII 

at RDME-W=3.5 (𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.7778, 𝑧𝑊
0 = 0.2222) is made of a reactive phase envelope 

(R-PE) made of two dew points (red) segments, a bubble points (blue) segment and a cloud 

(liquid-liquid) points (violet) segment, all of them reactive, and of a segment of a R-3PL 

compatible with z0
II which extends from point A to point E. Finally, the R-IPIII at RDME-W=15 

(𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.9375, 𝑧𝑊
0 = 0.0625) is qualitatively similar to the R-IPII, but now the R-

3PL segment compatible with z0
III extends from point A to point C.  

 

Keywords: simultaneous chemical and phase equilibria, reactive isopleth, reactive three-phase 

lines 

  

 



Matías J. Molina1,2, S. Belén Rodriguez-Reartes1,2,3, Marcelo S. Zabaloy1,2*

1Departmento de Ingeniería Química, Universidad Nacional del Sur, Bahía Blanca, Argentina
2Planta Piloto de Ingeniería Química-PLAPIQUI (UNS-CONICET), Bahía Blanca, Argentina
3Deparment of Chemical Engineering, ETSEQ, Universitat Rovira I Virgili, Tarragona, Spain

*Corresponding author: mzabaloy@plapiqui.edu.ar

Identification of segments of computed reactive three-phase lines to be 

included in the heterogeneous region of phase diagrams of reactive systems

Cód: R234-2

• In this work, a method for detecting the segments, of an already

computed reactive three-phase line (R-3PL), that should contribute to

the heterogeneous region (HR) of a yet to be computed reactive isopleth

(R-IP) (of already specified initial global composition z0) is proposed.

• The method consists of solving, for each point of the R-3PL (R-3PP),

a system of equations (SoEs) related to reactive two-phase constant

phase fraction lines that originate at the R-3PP.

• The R-3PP contributes to the R-IP if the solution of the SoEs

satisfies a number of restrictions.

Method for detecting the segments of the R-3PL which contribute to 

the HR of the R-IP to be computed

1. Compute the complete R-3PL according to the methodology

proposed in ref [1]. This is done without reference to any z0 .

2. Specify an initial global component-mole-fraction vector z0.

3. For every already available calculated reactive three-phase point (R-

3PP), there are three possible combinations of pair of the existing

phases (j = 𝑉, 𝐿α , 𝐿β). Impose the mass conservation principle, and

the stoichiometric restrictions to each possible pair of phases. For

each pair of phases x and y, the mass conservation principle and

the stoichiometric restrictions correspond to the following SoEs:

Φ𝑥 is the mole fraction of

phase ‘x’

Φ𝑦 is the mole fraction of

phase ‘y’.

𝑧𝑖 − 𝑥𝑖 ∙ Φ𝑥 − 𝑦𝑖 ∙ Φ𝑦 = 0

𝑧𝑖 −
𝑧𝑖
0 + σ𝑘=1

𝑁𝑅 𝜈𝑖,𝑘 ∙ 𝜉𝑘
∗

1 + σ𝑘=1
𝑁𝑅 𝜈𝑇,𝑘 ∙ 𝜉𝑘

∗ = 0

Computation results are shown for the methanol(M) + dimethyl ether(DME) + water(W)

reactive system (DME+W 2M), at varying DME/W ratio (RDME-W, mole basis), i.e., at

varying initial global component-mole-fraction vector z0. In all cases M is initially absent.

Model: PR-EoS [3] with quadratic mixing rules (QMRs) and null interaction parameters.

Standard properties at 298 K and heat capacities in the ideal gas state taken from ref [4].

Fig. 1. Temperature vs. calculated phase mole fractions
ΦV and ΦLβ

at R-LLV equilibrium for ΦLα
=0 at RDME-W = 15

(global initial composition: 𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.9375, 𝑧𝑊
0 =

0.0625). Red line: phase mole fraction of vapor phase.

Violet line: phase mole fraction of liquid 𝛽.

Fig. 2. Temperature vs. calculated phase mole fractions
ΦV and ΦLα

at R-LLV equilibrium for ΦLβ
=0 at RDME-W = 15

(global initial composition: 𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.9375, 𝑧𝑊
0 =

0.0625). Red line: phase mole fraction of vapor phase.

Blue line: phase mole fraction of liquid 𝛼.

Fig. 3. Temperature vs. calculated phase mole fractions
ΦLα

and ΦLβ
at R-LLV equilibrium for Φ𝑉 =0 at RDME-W = 15

(global initial composition: 𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.9375, 𝑧𝑊
0 =

0.0625). Blue line: phase mole fraction of liquid 𝛼. Violet

line: phase mole fraction of liquid 𝛽.

4. Solve the SoEs for all Φ𝑗 , 𝑧𝑖 and 𝜉𝑘
∗ variables.

➢ When two (out of three) pairs of Φ𝑗 values and their corresponding 𝑧𝑖
values are such that every Φ𝑗 and 𝑧𝑖 is within the range [0,1], then, the

tested R-3PP is compatible with the R-IP initial global composition 𝒛0.

➢ When there are Φ𝑗 or 𝑧𝑖 values outside the range [0,1], then, the tested

R-3PP is not compatible with the R-IP global initial composition 𝒛0.

5. Compute the reactive phase envelope (R-PE) of initial global

composition 𝒛0 according to the procedure of reference [2].

• A methodology for detecting all segments, of a specific calculated R-

3PL, that contribute to the HR of a reactive diagram of specified initial

global composition 𝒛0 (also named reactive isopleth) was proposed.

• Through the application of the proposed methodology, it is possible to

automatically detect R-3PPs that will be located on the R-PE of the R-

IP, i.e., to detect reactive double saturation points.

• The proposed methodology is illustrated in this work for the

methanol(M) + dimethyl ether(DME) + water(W) reactive system at

varying initial DME/W ratio, i.e., at varying initial global component-mole-

fraction vector 𝒛0.

METHODS

INTRODUCTION AND GOAL RESULTS AND DISCUSSION

CONCLUSIONS
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Fig. 5. Pressure – temperature projection of calculated R-IPs

at varying initial DME/W ratio (RDME/W molar basis). R-IP I:

RDME/W=2.33 ( 𝑧𝑀
0 = 0.0 , 𝑧𝐷𝑀𝐸

0 = 0.70 , 𝑧𝑊
0 = 0.30 ). R-IP II:

RDME/W=3.5 (𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.7778, 𝑧𝑊
0 = 0.2222). R-IP III:

RDME/W=15 (𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.9375, 𝑧𝑊
0 = 0.062). Δ: Reactive

critical end point (R-CEP). ▲: Double saturation points (points

B, C, D, E). (Point A): R-3PP considered as initial point of the

R-3PL in the temperature range shown in this Fig. (250 K –

470 K).

1 ≤ 𝑖 ≤ 𝑁𝐶

1 ≤ 𝑘 ≤ 𝑁𝑅

Fig. 4. Global component mole fractions at three-phase

reactive equilibrium vs. temperature when a phase is incipient.

Green lines: 𝑧𝑖 corresponding to the pair of phases 𝐿𝛽𝑉 with

ΦLα
=0 (Fig. 1). Red lines: 𝑧𝑖 corresponding to the pair of

phases 𝐿𝛼𝑉 with ΦLβ
=0 (Fig. 2). Blue lines: 𝑧𝑖 corresponding to

the pair of phases 𝐿𝛼𝐿𝛽 with Φ𝑉=0 (Fig. 3). Global initial

composition 𝑧𝑀
0 = 0.0, 𝑧𝐷𝑀𝐸

0 = 0.9375, 𝑧𝑊
0 = 0.0625

Fig. 6. Temperature of reactive double saturation points

versus initial DME/W ratio (in mole basis) at 𝑧𝑀
0 = 0.0 for

the M + DME + W reactive system. Points B and C: double

saturation points of the R-IP III (see Fig. 5). Points D and

E: double saturation points of the R-IP II (see Fig. 5).
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