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Introduction

The software is designed to calculate the phase diagrams of one-component systems in coordinates Temperature - Molar Volume (or Density) at constant pressure, Pressure - Molar Volume (or Density) at constant temperature, two-component systems in coordinates Temperature - Composition at constant pressure or Pressure – Composition at constant temperature, and corresponding multi-component quasi-binary systems. Thermodynamic properties used to compute the phase diagrams are characteristic functions (Gibbs or Helmholtz energies) of all possible phases of the system as functions of temperature, pressure and composition. The computed diagrams correspond to thermodynamically stable states of the system. The results of calculations are presented in graphical form as well as coordinates of special points where the phase composition changes or monotonous character of lines describing equilibrium is violated. To illustrate the work of the software a small database with few examples is prepared.

Method and algorithm

The method used to develop the software is described in G.F. Voronin, Russian Journal of Physical Chemistry, Vol. 77, No 9, 2003, pp. 1543-1552. Its basic idea is as follows. Phase equilibrium is computed using the convex envelope of Gibbs energies of phases for various compositions of the system and given pressure and temperature. To that aim the computational geometry algorithm is used. Owing to that there is no need to solve the system of equations or find coordinates of constrained Gibbs energy minimum of the thermodynamic system. The solutions of components are presented in the software as a set of individual substances with various compositions and each of them has properties of the solution with corresponding composition. So the phase diagram is computed for user defined grid of points and the accuracy obtained is determined by density of the grid. The more points there are given for each coordinate the more accurate is result, but the more computer resources are necessary.

The thermodynamic data

How to use the software

Software appearance, windows and buttons

The example of the main window is presented at Fig. 1. There is table “Problems” located in the top left corner of it, which contains the list of systems stored in current database. Three buttons below the table: serve to add new system (+), remove selected system from database (-), and cancel the latest data modification (x). There is window displaying the work of the algorithm to the right of table “Problems”. Below the window one can see memo area (notepad) “Gibbs energy functions”. It is used to assign expressions for calculation of characteristic (usually Gibbs) energy of the phases. Each expression starts at the new line. If the formula is very long one can use symbol (…) to break the expression and continue it at the next line (see below).
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Fig. 1. General view of the main window

Button “Run (F9)” starts calculation (or makes one step of it) for selected system. It is possible to perform step-wise calculation (“By step” field is checked), steps are made by Y-coordinate (pressure or temperature). Field “By step” may be checked or unchecked at any moment of the calculation process. It also may be used to terminate calculation. If field “By step” is checked one should press “Run (F9)” button to accomplish each step. Panel “Y axis” contains fields where Y variable may be selected (temperature or pressure), as well as its minimum and maximum values (Ymin, Ymax) that are used for calculation of phase diagram. Panel “Number of points” contains fields for input of number of points of where Gibbs energy values of the phases are computed. Panel “Diagram demonstration” contains two fields that switch on/off possibility to display intermediate results of calculation (“Show mosaic diagram”) and the work of algorithm (“Show working chart”). One should keep in mind that both of these features slow down the calculation. “Working chart” is the chart to the right of table “Problems”. “Mosaic diagram” displays the dynamic of calculation process; isothermal-isobaric sections are building for each step. White space in this window corresponds to homogeneous states and colored one – by heterogeneous states of the system.

When Gibbs energy values for all specified points are computed the window displaying phase diagram is shown. Button “Diagram” opens this window for latest computed system. Button “Edit chart” opens the chart editor. Button “Special points” opens the window with the table that contains information about special points of the phase diagram. Button “Close” terminates the work of PhD2v1. If field “Save” is checked all modifications of the database will be saved else all the modifications done from the start of the program will be ignored. Menu option “File” provides possibility to change database or create the new one. 

Internal language

The software has very simple language used to write expressions of characteristic functions and change some settings of current problem or chart. One can use the following symbols in the notepad of the working window:

v – designates vapor phase-solution,

l – designates liquid phase-solution,

s – designates solid (crystalline) phase-solution,

c – designates pure crystalline phase (point phase),

g – designates molar characteristic function (usually it is Gibbs energy).

So, gl – designates corresponding function for liquid, gci – designates function for i-th compound (in practice some number should be used instead of i: gc1, gc2,…) .

The software provides possibility to use also the following parameters and symbols: 

T – temperature, 

P – pressure, 

X – mole fraction of the second component, 

R – gas constant (8.31441 J/mol/K), 

Sid = – 8.31441*(x*ln(x)+(1-x)*ln(1-x)) – entropy of mixing for ideal solutions. 

There is no difference between the small and capital letters, in other words “T” is equivalent to “t”, “P” to “p”, “SID” to “Sid”. The syntax of expressions for calculation of Gibbs energy is similar to Basic computer language. Some of the operators available are: +, -, *, / - addition, subtraction, multiplication and division respectively, ^ - raising to power (e.g. 2 raised to power 4.3 may be presented as 2^4.3 or 2^(4.3)), ln – natural log (e.g, Ln(3.14)), exp – exponent (e.g., exp(7.23)).

Besides, some special symbols may be used

% - marks beginning of comment, all text after this symbol and to the end of the line is ignored,

… - dots, is used at the end of line to indicate that the next line is continuation,

#Xcap=, #Ycap= - are used to add or change captions at horizontal and vertical axis of the chart (see example A-B_regsol4(T,X)vls),

#xmin, #xmax – are used to change interval of x used in calculations (xmin = 0, xmax = 1 by default), see example H2O(T,V)vl.

How to accomplish calculations, analyze and edit results

The user who has no much practice of calculation of thermodynamic equilibrium should pay much attention to the necessity of use common energy level for Gibbs energy of phases G(T, p, x). To that aim the corresponding formulas should contain such items as (1–х)А0(Т, Р)+хВ0(Т, Р), where А0(Т, Р) and В0(Т, Р) are so called stability parameters (differences between Gibbs energies of individual components A, B in the state of given phase and standard state). 

We can recommend the following combinations of numbers of points for X and Y axis: 50х50, 100х100, 200х200, 250х250, 400х400, 500х500, 800х800, 1000х1000 etc. One should better start from small number of points, raising the density of the grid points until the required accuracy is reached or computer resources exhausted. Sometimes the different numbers of points for X and Y axis is preferable. The best choice depends on specific of the system examined and on the quality of Gibbs energy functions G(T, p, x) available. As a rule the general outline of phase diagram is achieved easily enough, but some of its fragments, such as some connodes or special points may disappear when the number of points is small. In any case the computed diagram may be treated as good enough if significant change of the grid density used for calculation does not influence on the appearance of phase diagram. The accuracy of calculation of coordinates of phase equilibrium can be estimated from the value of interval between two neighbor points on each axis and the size of diagram by Y axis. E.g., if the grid 100x100 is used for the diagram in coordinates Temperature-Composition and the difference between T(max) and T(min) equals 1000K the uncertainty of phase diagram is not less than 0.5 mol percent by composition and 5K by temperature. It is evident the accuracy of calculations may be enhanced by reducing the Y interval (by decreasing the difference Ymax-Ymin).

An example of calculated phase diagram for hypothetical system consisting of liquid and solid regular solutions of components A and B is shown at Fig. 2. The expressions for calculation of Gibbs energy and the corresponding settings are displayed at Fig.1. Some other examples may be computed using the accompanying database. The mouse coordinates on the phase diagram are displayed on the left part of bottom panel, see Fig. 2. 

To get designation of phase areas at the computed diagram one should press left mouse button in corresponding place of the diagram. The label text may be edited, press right mouse button on the label to call text editor.

Internal part of the chart (between the axes) may be moved to any direction by pressing right mouse button on it and mouse moving. The chart may also be zoomed by pressing left mouse button on upper left corner of the area and mouse moving to right and down direction. The appearing rectangle will define the zooming area. To restore the original chart press button “Undo Zoom”, Fig. 3.
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Fig. 2. An example of computed phase diagram.
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Fig. 3. Fragment of phase diagram.

Button “Edit chart” opens the chart editor, Fig. 4.
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Fig. 4. General view of phase diagram editor.

The chart editor has many parameters and options that make possible to change appearance of the phase diagram: scale, labels on axis, colors, etc. Most of settings are saved in file chart.cfg. Fig. 5 displays the page of the chart editor. One can see button of print (“Print Preview”) and phase diagram export (“Export”), see also Fig. 6.
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Fig. 5. Page “General” of the chart editor.
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Fig. 6. Window of the phase diagram export.

Limitations of the software

The version of PhDi can not be used in case when expressions for calculation of Gibbs energy of phases has internal parameters, and computation of these parameters requires application of special procedures such as a function minimization or solution of a set of equations. 

List of files in the package

The software package consists of 4 files: PhDi_en.exe – the program itself, ProblemsDem.d – database, Chart.cfg – file of chart settings, UsersGuide – this manual. One should understand that the examples stored in the database have no practical value and serve for demonstration purposes only.

Authors will be glad learn your opinion concerning the program and the ways of its enhancement.

