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Introduction

Methods of computational thermodynamics have been successfully used for the investigation of various processes and the development of new technologies for many years. Now there is no need to prove the practical value of calculation of equilibrium composition and properties of thermodynamic systems. The basis, the intrinsic part of any serious computer system, intended to fulfill such modeling, is a database on thermodynamic properties of individual substances.


In Thermocenter of the Russian Academy of Science during many years is being carried out a theoretical study of thermodynamic properties of individual substances and accumulation of this information in form of the reference book [1] and a database [2]. This information is intended for scientists and engineers who work in various branches of science and engineering and it must be delivered them in an easy-to-handle form.


The most characteristic feature of IVTANTHERMO is that the stored information is not borrowed from any other databases or reference books. This information is obtained by means of critical analysis and treatment of the original data available in literature. Primary information analysis and all necessary calculations have been performed with the use of original methods, algorithms and software, developed for the ‘Thermodynamic Properties of Individual Substances’ handbook and updated by its authors for the IVTANTHERMO database.  Now the database contains information about approximately 2600 substances formed by 98 chemical elements.


The data in IVTANTHERMO make it possible to carry out thermodynamic analysis of

· new high-temperature processes;

· the optimization of chemical processes, including synthesis of refractory materials and materials of microelectronics;

· stability of materials at high temperatures and in various media;

· chemical processes occurring in power-generating facilities, including nuclear plants;

· the optimization of raw materials’ use and waste management;

· the emissions of burning products and industrial exhaust gases into the atmosphere;

· the processes preventing environmental pollution;

· the processes of mineral genesis, formation of planets’ and stars’ atmosphere, as well as other geo- and astro-chemical processes.


Recommended thermodynamic data may be used in scientific research, engineering calculations, planning of physico-chemical experiments, building full-scale automated systems of scientific data processing and CAD systems, as well as teaching and other purposes.


To enable the researchers and engineers to investigate thermodynamic systems of various kinds special software has been developed. Recently a new version of the software appeared, which consists of six programs and the database on thermodynamic properties of individual substances, [3, 4]. The software has an intelligible interface, which does not require from user special computer knowledge. All six programs with the database represent one complex - IVTANTHERMO for Windows. The programs are


Ё THERBASE - provides access to all information about substances stored in the database: substance formula and name, reaction of dissociation or sublimation for the given substance, standard enthalpy of formation, heat capacity, entropy and enthalpy in standard state, nuclear spin, coefficients of the approximating polynomials for the thermodynamic properties. It allows to review database contents, extract information about substances, modify this information, add new information, examine thermodynamic properties of chemical reactions, carry out a quick search for given substance or group of substances etc. THERBASE can display information as TPIS and JANAF tables, save it into the text file and visualize as charts.


Ё EQUICALC - allows calculating equilibrium composition and related thermodynamic properties of complex chemically reacting systems. EQUICALC can handle simultaneously up to 700 substances, up to 50 single component phases and up to 4 condensed mixtures along with the gas phase. Specially for Windows version a new algorithm of the calculation of equilibrium parameters has been developed. EQUICALC also can display results of calculations as charts or extract some of them into the table. Not only allows the program to accomplish traditional calculations for assigned pressure or volume and temperature values, but also for assigned values of (p,H), (p,S), (U,V), (S,V), etc. It permits to determine combustion products composition at constant pressure or volume even if the gas phase is absent - SHS process. Besides EQUICALC can calculate the decomposition pressure values, what may be useful for the examination of the thermal stability of materials.


Ё DATANAL - this is a tool for statistical analysis of the data being stored in the database.  It may help to elicit correlations among thermodynamic properties of substances stored in the database. It is known that there exist some interdependence among chemical and physical properties of substances. However, the laws of this interdependence are not well investigated yet. DATANAL can help to estimate some unknown properties or verify existing ones by means of examination of the information stored in the database.


Ё HB - allows to calculate heat, material and temperature balances between given sets of the source components and reaction products, provides the temperature and quantity of each input and output component is known.


Ё APPROX - this program is intended for the calculation of the coefficients of an approximating polynomial for a given set of heat capacity and temperature values, provides the values of thermodynamic parameters in reference state and heats of the phase transitions are known. Results of calculations may be saved into the text (ASCII) file or written into IVTANTHERMO database. It is possible also to ‘construct’ polynomial different from that adopted in IVTANTHERMO and calculate its coefficients. One can say this program is a complement for THERBASE.


Ё REPORTER - a service tool that allows viewing the text files and printing them.

Prof. Trusov B.G. (Bauman Moscow state technical university) participated in the development of the software IVTANTHERMO. 

Main Menu

Main Menu of IVTANTHERMO (Fig.1) contains six items, namely

· Database Tools (THERBASE.EXE);

·  Equilibrium Calculations (EQUICALC.EXE);

· Data Analyzer (DATANAL.EXE);

·  Cp approximation (APPROX.EXE);

·  Heat Balance Calculation (HB.EXE);

·  Report Viewer (REPORTER.EXE).
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Fig. 1


‘Database Tools’ - allows to view and edit all the data stored in database. It also allows entering new data into the database.


‘Equilibrium Calculations’ - calculation of equilibrium composition and related parameters of the thermodynamic system being investigated.


‘Data Analyzer’ - a tool for statistical analysis of the data being stored in database.  It may be useful to find some correlations between properties of the substances.


‘Cp - approximation’ - this program is intended for the calculation of the coefficients of an approximating polynomial. Results of calculations may be saved into the text (ASCII) file or written into IVTANTHERMO database. It is possible to write data into main IVTANTHERMO database or into OWN (experimental) database.


‘Heat Balance Calculation’ - allows calculating heat balance between given sets of the source components and reaction products, provides the temperature and quantity of each component is known.


‘Report Viewer’ - a tool which allows to view the text files and to print them.


NOTE! It is not recommended to start several applications simultaneously as it may cause problems with computer resources.

Database Tools


THERBASE - allows viewing and editing all the data stored in database. It also allows entering new data into the database.


THERBASE allows working with two databases: MAIN and OWN. MAIN database contains IVTANTHERMO data about thermodynamic properties of individual substances. OWN database may be used if one wants to work with some constrained set of data or for experimental purposes. For example, it may be used for storage users’ information about substances. Both databases use the same format for keeping information. The information can be copied from the MAIN database into OWN database.


The name of the active database is shown on the yellow panel above the main menu. A main menu (Fig. 2) contains the following items 

· ‘Database listing’ - view active database contents;

· ‘Information about substance’ - allows to view information about the substance with given formula;

· ‘Chemical reaction analysis’ - allows to view reaction parameters:

H°, G°, S°, Cp°, Log10(Kp°) as functions of the temperature;

· ‘Add substance’ - allows to add information about new substance.

· ‘Load OWN/MAIN database’ - loads an alternative database (MAIN or OWN).

· ‘Data import and export’ – enter new data from special file or export thermodynamic data into the text file.
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Fig.2

General List


This window (Fig. 3) displays the list of substance formulae, their names and some basic information about the substance selected.


‘Quick search’ - this edit field allows to find a substance in the list by its formula or by name. Kind of search is defined by the active column in the list (‘Formula’ or ‘Name’). To make a column active, just click left mouse button on it.


‘Position’ - this edit field shows row number of the substance in the list. This field also may be used for quick search by row number.


A panel to the right of the ‘General list’ shows information about the selected substance: its formula, Cp°(298), S° (298), H° (298)-H° (0), H° (0), H° (298).


‘Action’ group contains three buttons: ‘Show data’, ‘Set elements’ and ‘All elements’.


‘Show data’ - shows all information from the active database about the substance selected.
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Fig. 3


‘Set elements’ - allows picking up from the general list only those substances that are formed by given set of elements (phase state may be taken into consideration too).


‘All elements’ - makes ‘General list’ full again (cancels the action of the previous button).


Check box ‘Allow delete’ prevents the user from accidental deletion of the information from database. When this box is checked ‘Delete’ button is enabled. This button being pressed causes deletion from an active database all the data about selected substance.

Information about Substance


Information about substance is presented as a notebook with five pages (Fig. 4).


First page presents formula, name, precision class, molecular mass, reaction of dissociation or sublimation and enthalpy of this reaction DHR as well as thermochemical information


H° (0) - the enthalpy of formation at T = 0 K,


H° (298) - the enthalpy of formation at T = 298.15 K,


Cp° (298) - the isobaric heat capacity,


S° (298) - entropy,


H° (298)-H° (0) - change of enthalpy,


S(nucl) - the nuclear spin component.
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Fig. 4


The class of accuracy characterizes the uncertainties of the tabulated values. It is expressed by

· a number specifying the Gibbs energy function F°(3000 K) error limits, and

· a letter specifying r H° (0) error limits.

The meaning of corresponding numbers and letters is described in the tables below.

Table 1. F°(3000 K) uncertainties, JЧK-1Чmol-1
	Number
	1
	2
	3
	4
	5
	6
	7

	Uncertainties
	Ј 0.03
	Ј 0.1
	Ј 0.3
	Ј 1
	Ј 3
	Ј 10
	> 10


Table 2. r H° (0) uncertainties, kJЧmol-1
	Letter
	A
	B
	C
	D
	E
	F
	G

	Uncertainties
	Ј 0.1
	Ј 0.3
	Ј 1
	Ј 3
	Ј 10
	Ј 40
	> 30



Buttons ‘TPIS’ and ‘JANAF’’ allow building the table of thermodynamic properties as function of the temperature in TPIS and JANAF formats respectively.


Group ‘Units’ allows choosing energy units of the data presented including polynomial coefficients.


Check box ‘Allow save’ prevents the user from accidental saving or editing of data. If one wants to edit the data, check box ‘Allow save’ must be checked. When this box is checked, ‘Save’ button is enabled. 


Button ‘Save’ being pressed causes saving of the information from the screen into the active database.


‘Write to OWN’ - this button is enabled only when ‘MAIN’ database is active. This button allows writing down the current information into ‘OWN’ database. If a substance with the same formula already exists in ‘OWN’ database then procedure is canceled, else information is saving.


Presence in database of two substances with the same formula is prohibited.


‘Report’ button serves for output of the information about substance in the text file ‘Report.txt’. This button is enabled only when any page different from one is opened. Into the text file is being written the information from the first page, polynomial coefficients and temperature intervals. Kind of polynomial is defined by the number of the page opened. ‘Report.txt’ is cleared each time when THERBASE is started, but during the current session, information is appended into it.


Page 2 (Fig. 5) contains information about coefficients of polynomial for the reduced Gibbs energy F° = -(G° (T) - H° (0))/T and related temperature intervals.
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Fig. 5


Pages 3, 4 and 5 contain analogous information for the heat capacity, entropy and enthalpy polynomials respectively.


Page 3 contains also values of the H(tr) - heats of the phase transitions.

Table in TPIS format


Table in format similar to the reference book [1] TPIS (Fig. 6) contains values of Cp - heat capacity, F - Gibbs energy function related to T=0 K (F = S-H/T), S - entropy, H - enthalpy change, Log10(Kp) - decimal logarithm of equilibrium constant of the reaction of dissociation or sublimation, G - Gibbs energy (G = I-T*S), I – full enthalpy, which includes the heat of formation of substance. Log10(Kp) column is filled only if this reaction is given. The table can be generated for any temperature from 298.15 K through Tmax.


‘Action’ group contains three buttons: ‘Table’, ‘Graph’ and ‘Report’.


‘Table’ - builds (and rebuilds) table with given values of Tmin, Tmax, T, and chosen energy and temperature units.


‘Graph’ - plots the curve(s) for selected column(s) as function of the temperature. This button is enabled only when the table is filled. To select a column just click left mouse button on it (not in the gray area). To select several rows press left mouse button in a leftmost column (not in the gray area) and, holding it pressed, move to the right column, then release the mouse button.
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Fig. 6


‘Report’ - saves table information into ‘Report.txt’ file. The file ‘Report.txt’ is cleared each time when THERBASE is started, but during the current session, information is appended into it.


‘Interval’ group contains three edit boxes, which allows changing minimum and maximum values of the temperature interval and step value - T.


‘Units’ group contains three radio groups for picking up the energy, temperature and amount units.


Check box ‘Allow extrapolation’ allows or prohibits extrapolation above maximum temperature range of the polynomial when properties are being calculated. Extrapolation is fulfilled with Cp = const, where Cp is calculated at upper temperature range of the last polynomial.


The table can contain up to 200 rows, so if the step is too small or the temperature interval is too large, after pressing ‘Table’ button a message may appear 

‘Only first 200 values will be displayed’. 

To correct this situation try to set T value greater or Tmax value lower.

Table in JANAF format


Table in format similar to the JANAF Thermochemical Tables contains values of Cp - heat capacity, S - entropy, -(G-H(Tr))/T - Gibbs energy function related to 298.15 K, H - H(Tr) - change of enthalpy, DELfH - the enthalpy of formation, DELfG - Gibbs energy of formation and Log10(Kf) - decimal logarithm of the equilibrium constant in reaction of formation of the given substance from the elements in their standard states, Tr - standard temperature (always 298.15 K). Last three columns are filled only when the corresponding values may be calculated. The JANAF table can be generated for any temperature from 298.15 K through Tmax.


Controls of the window - buttons, check boxes and radio groups are described in   Table in TPIS format.


NOTE! When extrapolation is prohibited boiling temperature, which is used for building JANAF Table, cannot be calculated in some cases.

Reaction Analysis


The appearance of window for the chemical reactions input is shown on fig. 7. It is possible to write here from one to ten equations of chemical reaction. Reaction equation should be written using traditional chemical formalism, for example:


Fe2O3(c) = 2 Fe(g) + 1.5 O2(g)


CO2(g) = C(c;graphite) + O2(g)

See also Chemical Formula for more details.


All chemical formulae in reaction equation must be present in database.


NOTE! It is not allowed to use such coefficients as 1/3 or 5/2. Use instead 0.333 and 2.5.


The calculation of thermodynamic properties of chemical reaction is accompanied by analysis of reaction equation, and balance of elements between the left and right parts of reaction is tested. The stoichiometric coefficients may be computed automatically if the balance is wrong and the field ‘Compute reaction coefficients’ is checked. If some prescribed coefficients are required (e.g. it necessary to compute reaction properties per 1 mole of O2) this feature should be disabled.


Press button ‘Table’ to view the table of results. This window may be presented in two modes depending on the amount of the amount of the reactions given. If only one reaction equation is written the table contains the following properties: (rG, (rCp, (rI, (rS, (rF и Log10(Kp) as function of temperature, fig. 8. Else, the table contains data for only one property but for all reactions, fig.9. To select the property for analysis in latter case the combo box ‘Parameter’ is used.
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Fig.7
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Fig 8
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Fig. 9

Controls of the window - buttons, check boxes and radio groups are described in  Table in TPIS format.

Fig. 10 displays the possibility to determine the temperature of reduction of MnO(c) by graphite.
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Fig.10

Data import and export


The user may prepare thermodynamic data in an ASCII file using any text editor. Fig. 11 displays the window for data file handling. 
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Fig. 11

The meaning of buttons is simple enough. ‘Open’ – open the data file, ‘Save’ – save the data file, ‘Add data’ – transfer information from active data file into the database. Button ‘Export data’ allows picking up substances from the general list (see Fig. 12) and save their thermodynamic and thermochemical properties into the text file. 
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Fig. 12

The file format is shown below.

                      Input/output data file format

    --------------------------------------------------------------

    ;

    ; Chemical formula (necessary) or *DEL:chem. formula to delete

    ; substance

    ;

    *FML:H2O(l)

    ;

    ; Table number (optional)

    ;

    *TABLE:1503

    ;

    ; Substance name (optional)

    ;

    *FNM:WATER

    ;

    ; Class of accuracy (optional)

    ;

    *PCL:4-A

    ;

    ; Value of enthalpy of formation at 298.15 K (kJ/mole) (necessary)

    ;

    *DFH298:-285.830017089844

    ;

    ; Date (optional) in a format DD.MM.YY

    ;

    *DATE:03.10.80

    ;

    ; Value of entropy at 298.15 K (J/K*mole) (necessary)

    ;

    *S298:69.95004

    ;

    ; Value of H298 (kJ/mole), Tmax (K) for the 1st Cp approximation

    ; interval, and coefficients C1,...,C5 from Cp(X)= C1 + C2/X^2 +

    ; C3*X + C4*X^2 + C5*X^3 (J/K*mole), X=T/10000 K. Blanks are used

    ; as delimiters.

    ;

    *H,T,C1-5:13.272958  500 -270.405  .046434  19019.88 -399102.6

     3062525

    ;

    ; Delta H (kJ/mole) at Tmin of this Cp approximation interval,

    ; Tmax (K) for this interval, and coefficients C1, C2, ..., C5 from

    ; Cp = C1 + C2/X^2 + C3*X + C4*X^2 + C5*X^3 (J/K*mole), X=T/10000 K.

    ; Blanks are used as delimiters.

    ;

    *H,T,C1-5:-.00037219588  600 -95060.298  26.828436  3582499.79

     -50607572 254456654

    ;

    ; Reference number (optional)

    ;

    *REFN:1

    ;

    ; Reference

    ;

    *REF:IVTANTHERMO

    *

    -----------------------------------------------------------------
Charts


Information from the table can be displayed as curves in ‘Charts’ window (Fig. 13). This window contains a chart and the following buttons - ‘Log(X)’, ‘Log(Y)’, ‘Print’, ‘Edit’.


‘Log(X)’ and ‘Log(Y)’ buttons allow to change scales for X-axis and Y-axis respectively. These buttons are enabled only when all values on the axis are positive.


‘Print’ button allows printing the image of the chart area.


‘Edit’ button provides access to details of the chart (fonts, colors, axis scale, axis formats, change title, foot, legend, a general outlook of the chart etc.).


To the right side of the chart, there are label(s), which serve as alternative (movable) legend. These label(s) may be dragged to any position on the chart using standard drag-drop technique (press left mouse button on a label, move a label to the new location and release the button). After resizing or scale change, these label(s) return to original place.


Internal part of the chart (between the axis) 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 the corner of the area and mouse moving. The appearing rectangle will define the zooming area. To restore the original chart, try the same procedure so that mouse cursor (with pressed left button) leave internal chart area through the left margin or upper margin.
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Fig. 13

Periodic Table of the Elements


It is possible to select a group of substances formed by given group of chemical elements. This window (Fig. 14) helps to set the list of elements for the selection of substances. The list of elements may be typed directly in the edit box or it may be formed by pressing left mouse button on names of corresponding elements (second pressing removes an element from the list).


The window has two pages. The first page contains chemical elements presented in traditional order, the second page - in thermochemical order. Buttons for unavailable chemical elements are disabled.


Four radio buttons in the lower part of the window allow to set additional constraints on the list that will be created after pressing ‘Ok’ button.


Radio buttons mean

· ‘All’ - no additional constraints;

·  ‘Gas’ - gas substances only, no ions;

·  ‘Condensed’ - condensed substances only;

·  ‘Gas ions’ - gas ions only.
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Fig. 14

New Substance


Information about substance is presented as a notebook with five pages.


On the first page it is necessary to type formula (see Chemical Formula for more details), molecular mass and thermochemical information


DHR - enthalpy of the reaction of dissociation or sublimation,


DH(0) - the enthalpy of formation at T = 0 K,


DH(298) - the enthalpy of formation at T = 298.15 K,


Cp(298) - the isobaric heat capacity,


S(298) - entropy,


H(298)-H(0) - change of enthalpy,


S(nucl) - the nuclear spin component.


If one does not know the appropriate values, it is possible to type any reasonable ones.


Other information on this page is desirable but not obligatory: name, precision class, reaction of dissociation or sublimation. Field ‘State’ contains additional information about phase state of the substance.


Information about coefficients of approximation polynomial may be typed at one of the pages 2 - 5.


Page 2 may be used for input of the coefficients of polynomial for the reduced Gibbs energy F = -(G(T) - H(0))/T and related temperature intervals.


Pages 3, 4 and 5 may be used for the input of analogous information for the heat capacity, entropy and enthalpy polynomials respectively.


If page 3 is used, then besides coefficients should be typed values of the H(tr) - heats of the phase transitions.


Information about data sources may selected in the appropriate fields ‘Data sources’ (see Data Sources).


To save new information into database, temperature intervals of polynomials must be typed. It is necessary because total number of polynomials for given substance in database is defined by number of nonzero temperature intervals. This number cannot be increased in future (though it may be diminished).


Group ‘Units’ allows choosing energy units of the data presented including polynomial coefficients.


Check box ‘Allow save’ prevents the user from accidental saving of changed data. When this box is checked ‘Save’ button is enabled. This button being pressed causes saving of the information from the screen into the active database. Button ‘Save’ becomes available only if all necessary information is typed and when an active page is not the first one!

Chemical Formula


Chemical formula in general is composed of four items:

· the formula itself,

· charge sign,

· the phase state,

· comment.


Examples: H2(g), Fe2O3(c), C(c;graphite), e(-g), H(+g).


NOTE! Existence of the two substances with the same formula in database is prohibited (use comment to settle this problem).


The basis for writing the formula itself is the simple formula containing sequence of element symbols with subscripts. An element symbol contains one capital letter (H, B, C, N, O) or one capital letter plus a small letter (He, Li, Ar etc.). Subscripts must be integer numbers. A subscript equal to one can be omitted. Decimal fractions are not allowed.


Each formula must have designation of state, which is enclosed in parentheses: 

(g) - for gas, (c), (l) - for condensed substances, (gl) - for glass, (am) - for amorphous.


The formula may be composed of several ‘subformulae’ or formulae in parentheses. A closing parenthesis can be followed by subscript. No formula can begin with a number, e.g., a formula like 2(CaO)SiO2(c) is not allowed. Acceptable writing of the formula is SiO2(CaO)2(c) or (CaO)2SiO2(c).

Examples: Fe(CO)5(c), (NaCl)2(g), CH3(CH2)2COOH(l), FeO(OH)(g).


The charge is used to specify the sign and value of ion charge. For single-charged ions the charge is specified by the sign (+ or -). For multi-charged ions the sign is followed by an integer number indicating the value of the charge.


Examples: H(+g), He(+2g), O2(-g), e(-g).


Comment may be typed in parentheses after the phase state designation and separates from it by semicolon: C(c;graphite).


Total number of symbols in the formula must not exceed 23.

Data Sources


Information about data sources is stored as a table. The first column of the table displays brief name of the data source while the second column shows its detailed description. Information in the table can be modified. Source of data for each substance in database is stored as number of row in the table. So if a data source in some row of the table is changed this will automatically influence on all substances which has this row number as a data source. 


Button 'Select data source' allows picking up current row in the table as source of the data. If the checkbox 'Allow edit' is checked, all information from the table will be saved. 


Button 'Cancel' closes the window only.

Equilibrium Calculations


This program is intended for calculation of the chemical composition and thermodynamic properties of an equilibrium system. The main window of the program has a component similar to a notebook, which has four pages 

· Equilibrium parameters,

· Substances,

· Results,

· Graph.

Pages of the notebook may be used for the data input or for the examination of results.

Equilibrium Specification


To calculate equilibrium composition and related thermodynamic properties, it is necessary to assign the values of two thermodynamic parameters, specify elemental composition of the system (page ‘Equilibria parameters’, Fig. 15) and select substances for the calculations (page ‘Substances’, Fig. 16).
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Fig. 15


Thermodynamic parameter, their values can be specified in ‘Equilibrium Parameters Specification’ group. If a parameter has several values, they should be typed in one line, separated by space. Total number of parameters in the list must not exceed 10.


Example: 


1000 2000 3000 


If both of parameters have several values then first is being changed the value of the first parameter, then the second parameter value is being changed.


If one wants to carry out calculations with variable value of a parameter, it is necessary to set only first and last value of the parameter and step value. Field ‘Step’ becomes available only when two parameter values are typed in ‘Parameter’ field.


If both parameter and source composition are variable, the first is changed parameter value and then source composition value.


Available combinations of parameters:


T, p : temperature and pressure;


T, V : temperature and volume;


T, S : temperature and entropy;


p, V : pressure and volume;


p, H : pressure and enthalpy;


p, S : pressure and entropy;


V, U : volume and internal energy;


V, H : volume and enthalpy;


V, S : volume and entropy;


Units of parameters may be selected in the group ‘Units of parameters’.


To have some comment to the task in the file of results, type it in the field ‘Task name’.


Current data from the screen may be saved in a data file with extension (.dat), select menu (File|Save). Existing data file can be read from disk select menu (File|Read).


To open new data file select (File|New);


To change settings (see Settings) for the calculation process and results presentation select menu item (Settings).


Current data file can be saved with the name (File| Save As).


When the program is reading an existing data file, the question box may appear

‘File of results already exists. Overwrite?’

If ‘Ok’ is selected, all information will be erased. Else if  ‘Cancel’ is pressed, new information will be placed in the end of this file.


NOTE! If one is planning to view charts of results, one should keep in mind which parameters were variable in calculations, because if different parameters were varied, in some cases the resulting chart may appear to be a rather confusing one.


‘Run’ - start calculations.


‘Close’ - closes the application.

Constraints:


- maximum number of elements:   20;


- maximum number of components: 700;


- maximum number of phases:     50.


EQUICALC allows accomplishing the calculations using information from one of two databases: MAIN and OWN. MAIN database contains IVTANTHERMO data about thermodynamic properties of individual substances. OWN database may be used if one wants to work with some constrained set of data or for experimental purposes. For example, it may be used for storage of the users' information about substances. Both databases have the same format for keeping data. The information can be copied from MAIN database into OWN database (see Information About Substance).

The calculation is possible in assumption that the gas flow is supplied batchwise into the system while condensed phase remains intact. This mode of calculation is enabled by checking the checkbox ‘Gas flow’ (see fig. 15), one ore several gaseous substances in ‘Source Composition’ should be marked by “(g)”. Number of gas “portions” is typed in field ‘Runs’. During calculation process the situation may appear when all condensed phases disappear or some chemical element is eliminated from the system. In this case calculation terminates.

Source Components


Type the formulae of the source components (reactants) in column ‘Formula’ (Fig.15). Formulae of chemical elements must be typed with the same letters as in Periodic Table of the Elements: capital letters as capital, small - as small. Subscripts may be any positive values.


Examples:


H


O2


ZrO


Fe2O3


Si1.356Cl2

It is not allowed to type formula, using electron symbol (‘e’).


In column ‘Amount’ type the quantities of the corresponding components in moles or mass parts. Quantity may be one value or several values (not more than 10), separated by space. Selection of the amount units is accomplished by pressing the button ‘Amount units’.


It is possible to carry out calculation of equilibrium parameters with variable source composition of one or several components. To that aim, type in column ‘Amount’ initial and final values of amounts and in column ‘Step’ - step values for corresponding components. The cell in column ‘Step’ is enabled only if its neighbor cell ‘Amount’ contains two values.


If both the parameter and the source composition are variable, the first is being changed parameter value and then amount of the source composition value is being changed.

List of Substances 


Page ‘Substances’ (Fig.16) allows the user to select substances, which will be included into the thermodynamic system being modeled. If one does not have special ideas about composition, it is reasonable to select all substances from the list (default setting).


Buttons to the right side of the page are


‘Select All’ -  selects all substances,


‘Unselect All’ -  cancels selection of all substances,


‘Show selected’ - shows only selected substances, then the caption changes to ‘Show All’,


‘Mixture’ -  includes selected condensed substance into mixture 1 (first click) or into mixture 2 (second click), etc.


‘Single phase’ -  designates selected condensed component as a single phase,


‘Reread’ -  reads the list of substances from database again.

If the active database (MAIN or OWN) was changed, the button ‘Reread’ should be pressed, as the program keeps in memory only the addresses of substances in active database.


The column ‘No’ shows ordinal number of the substance.


Column ‘Mark’ shows selection (‘*’ - selected).


Column ‘Fixed mols’ is used for input of known or supposed values of the concentrations (non-equilibrium feature).
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Fig. 16


Column ‘Activity coefficient’ is used for input of the activity coefficient values of components. This field may be used to change the Gibbs energy value of any component of the system.


Group 'Fixed concentr. ratio' allows to set one or two additional constraints upon the mole numbers of substances. If one knows from experiment or other sources ratio of concentrations of two substances (which differs from the equilibrium value) he (she) may set this ratio by typing the formulae of substances and the ratio value in appropriate edit boxes.


It should be stressed that the options ‘Fixed mols’ and 'Fixed concentr. ratio' allows to take into account some nonequilibrium features of the system examined, and their improper use may cause the failure of the calculation process.

Results of Calculations


Page ‘Results’ (Fig. 17) allows to view the results of calculations or to print them. Any text file may be loaded into this window if necessary (File|Open). File of results has the same name as data file, however its extension is (.txt).
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Fig. 17


To print text, use (File|Print).


Current font in the window may be changed (Font). This font will be also used for printing.


File of results contains the following information:


p - pressure,


T - temperature,


V - volume (per kg),


S - entropy (per kg),


H - enthalpy (per kg),


U - internal energy (per kg),


M(g) - number of moles of gas substances,


R(g) - gas constant (R(g) = R0 * M(g), R0 = 8.31441 J/mol*K),


V(g) - volume of the gas phase,


Mcond - mass part of all condensed substances,


Cp, Cv - specific heat at constant pressure and volume respectively (frozen),


a - sound velocity,


GAMMA = Cp/Cv,


Cp", Cv" - heat capacity at constant pressure and volume (equilibrium),


a" - sound velocity (equilibrium),


GAMMA" = Cp"/Cv",


m - total mass of the substances,


v - volume for given reactants quantity,


s - entropy for given reactants quantity,


h - enthalpy for given reactants quantity,


u - internal energy for given reactants quantity.


Then chemical formulas and corresponding equilibrium concentrations of substances are listed in the following order:


- condensed substances accompanied by the values of activities;


- components of the gas  phase;


- components of condensed mixtures.


Below the table some technical information (number of iterations etc.) is listed.


In some cases EQUICALC provides possibility to calculate saturated vapor pressure p(sat). It is possible, if specified parameters are p and T, and given pressure value is more than saturated vapor pressure. In this case it is impossible to determine equilibrium composition, which fit given pressure and temperature values, because p(sat) is function only of one parameter in accordance with Gibbs phase rule, but p(sat) value may be calculated. File of results in this case will contain value of p(sat) as well as partial pressure values for all gas components. Mole numbers of gas substances in this case cannot be calculated, and they are assumed to have zero value.
Convergence Problems


In some cases convergence criteria cannot be achieved during the calculation process and the equilibrium composition cannot be found. This situation may be caused by


- invalid equilibrium model;


- absence of some important compounds in the list of substances;


- unrealistic values of assigned equilibrium parameters;


- constraints imposed (fixed concentrations or their ratio) are too far from reality;


- imperfection of the algorithm.

Please, inform us if the problem cannot be resolved.


If the temperature is not an assigned parameter (for example p, H calculation), some problems may arise at the phase transition point.  Below that point the enthalpy value is too small, and above it enthalpy is too great as compared with given H value. In practice that means that some part of condensed substance is liquid and the other is solid. Present version of the program does not calculate these parts. Instead, the user is asked if the current result should be accepted. We recommend accepting it.

Analysis of Results


Results of calculations can be examined by means of the table or the chart analysis (Fig. 18). Select X-value (‘Parameter’ or ‘Concentration’) and Y-value(s) (‘Concentration’ or ‘Parameter’) for the table or chart analysis (see Charts).


Selection of the X-value can be accomplished by the left mouse button clicking on a necessary item.


Selection of the Y-value(s) may be fulfilled by the left mouse button clicking in ‘Mark’ column against necessary item(s). Second click here removes the selection.


Default selection for X-value is the first item!


Button ‘View’ allows viewing values of the selected items in a table.


Button ‘Plot’ allows viewing the chart.


List ‘Parameter’ contains


p - pressure,


T - temperature,


V - volume,


S - entropy,


H - enthalpy,


U - internal energy,


list of elements in the system (in square brackets),


list of source components (formulae).


The last two items allow determining influence of elemental composition and source component quantities upon resulting equilibrium parameters of thermodynamic system being investigated.


List ‘Concentration’ contains formulae of substances included into the system.


NOTE! One should remember which parameters were variable in calculations, because if two or more parameters were varied, in some cases the resulting chart may appear to be a rather confusing one. The same is true for the substances, which were included into the system. In brief, if one is planning to accomplish the graphic analysis, only one parameter may be varied.
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Fig. 18

Settings


This window (Fig. 19) allows the user to select settings for the calculation process and for the presentation of results in the output file.


‘Results’ group allows the user to select units for energy, pressure, temperature and volume in the output file.


‘Concentration’ group allows the user to select concentration units in the output file.


‘Composition’ group allows the user to set a filter if one wants to place into the output file only substances with equilibrium concentrations not less than value, specified in ‘Cutoff value’ field.
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Fig. 19


Special options:


‘Ions’ - allows to take into consideration gas ions;

If one has changed check box ‘Ions’ the button ‘Reread’ on page ‘Substances’ should be pressed.


‘Organic’ allows taking into consideration all CxHy substances (if unchecked, 

y(max) = 12).


If the button ‘Save’ is pressed, current settings will take effect in future for the current data file and for the new data files. Else, if the button ‘Exit’ is pressed, then selected settings will act only for the present data file.


Options for the current data file are saved along with the other information.

Limited possibility of the database OWN usage.


The database OWN is a supplementary feature, so it is recommended to use it only for the investigation purposes. To prevent the confusion information about selected substances from database OWN is not saved (though all other information concerning the calculations is written onto the hard disk). When an existing data file intended for the use with OWN database is opened, the following steps are necessary

· select database OWN on the first page (DATABASE, fig. 15),

· open page 2) (SUBSTANCES) and press button REREAD if the list of substances is empty.

Analysis of results (page 4) will be invalid if selection of the database is wrong (for example, calculations were carried out with database OWN and for the analysis the main database is used or vice versa).

Data Analyzer


This program is intended for the statistical analysis of the information on thermodynamic properties stored in the database. Sometimes missing values of thermodynamic properties may be obtained in an assumption that there exists correlation between properties of similar substances. The program may help to elicit the correlation and if necessary to find the missing value.


To accomplish analysis one should assign the list of chemical elements that form the substances examined, select the substances for analysis, select the argument and function (Fig. 20).
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Fig. 20


‘List of elements’ - here should be typed the list of elements that form the group of substances being investigated.


‘Select elements’  - press this button to view Periodic Table of the Elements.


‘Group for analysis’ - a combo box that allows to set additional constraints for the selection of the group of substances (gas, condensed etc.).


‘Fill list’ - press this button to view the list of all possible substances selected from database.


‘Argument (X)’     - combo box that allows to select argument 

(S(298), H(298)-H(0), DH(0), DH(298), Cp(T), S(T), H(T), MolWt).




       Here S - entropy, H - enthalpy,


                              Cp - the isobaric heat capacity,

                

       H(298)-H(0) - change of enthalpy,

                          
       DH(0) - the enthalpy of formation at T = 0 K,


                              DH(298) - the enthalpy of formation at

          

                  T = 298.15 K,

                       
      MolWt - molecular mass.


‘Function (Y)’  - combo box that allows to select function 




  (S(298), H(298)-H(0), DH(0), DH(298), Cp(T), S(T), H(T)).


‘Temperature’   - if any parameter from Cp(T), S(T), H(T) was selected either as argument or as function, it is necessary to set value of T.  This value should be typed in the field ‘Temperature’.


‘Type of dependence’ - this group allows to select kind of dependence: ‘1-column’ or ‘2-column’.


‘1-column’ dependence means that selected property will be examined in one group of substances (Fig. 20).


Example.

Selected group is: GeCl(g), GeCl2(g), GeCl3(g), GeCl4(g).

Examine dependence DH(298) vs. MolWt.


‘2-column’ dependence means that selected property will be examined in two groups of similar substances (Fig. 21).


Example.

First selected group is:  GeCl(g), GeCl2(g), GeCl3(g), GeCl4(g).

Second selected group is: SiCl(g), SiCl2(g), SiCl3(g), SiCl4(g).

Examine dependence DH(298) for Ge vs. DH(298) for Si.


Button ‘View table’  - allows viewing selected property values for a given group of substances. Table values may be used for the chart analysis.


NOTE! When 2-column dependence is set, number of selected components in the first and the second groups must be the same.


Selection of substances in the list is accomplished by the left mouse button clicking in columns ‘X-mark’ and ‘Y-mark’, the second clicking removes selection.


DATANAL allows accomplishing analysis using information from one of two databases: MAIN and OWN. MAIN database contains IVTANTHERMO data about thermodynamic properties of individual substances. OWN database may be used if one wants to work with some constrained set of data or for experimental purposes. For example, it may be used for storage of the users' information about substances. Both databases have the same format for keeping data. The information can be copied from MAIN database into OWN database (see Information About Substance).
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Fig. 21

Table for Analysis


First column in the table contains the list of formulae of the X - group of substances (Fig. 22).


Second column contains the list of appropriate X - values.


Third column contains the list of appropriate Y - values.


For ‘2-column’ dependence, the table has an additional column that contains the list of formulae of the Y - group of substances.


Last column contains the list of increments: Y(n) - Y(n-1), where n = 2, 3, ... , Y(i) are taken from the third column.


Press ‘Plot graph’ to view the chart.
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Fig. 22

Charts for Analysis


The appropriate window is shown at Fig. 23. ‘Log(X)’ and ‘Log(Y)’ buttons allow to change scales for X-axis and Y-axis respectively. These buttons are enabled only when all values on the axis are positive.


‘Edit’ button provides access to details of the chart (fonts, colors, axis scale, axis formats, change title, foot, legend, a general outlook of the chart etc.).


‘Show values’ - allows to view corresponding values of the points on the cart or hide them.


‘Poly degree’ - allows to select degree of the polynomial (n):


 Y = A0 + A1*X + A2*X2 + ... + An*Xn.


‘Formula’ - allows to type formula of the substance to be examined or select it from the drop-down list. Any formula may be typed here.


For '2-column' dependence program tries to find matching substance in X-column of the marked list. If no matching substance is found, then the message will appear prompting to type the matching formula.


Field below the ‘Formula’ displays X - value for the selected substance. If corresponding value is absent in database, it should be typed in this field, else an error message will appear:

‘Argument is not defined.’


‘Calculate’ - this button performs calculation of Y - value with  X - value using obtained Y(X) dependence for the selected polynomial. Do not forget to press this button!

Below there are displayed: maximum error of approximation, calculated Y - value and error of the approximation (if substance is present in database).
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Fig. 23

Cp approximation


This program is intended for the calculation of the coefficients of an approximating polynomial. Results of calculations may be saved into the text (ASCII) file or written into IVTANTHERMO database. It is possible to write data into main IVTANTHERMO database or into OWN (experimental) database.


Coefficients for one temperature interval can be calculated if values of heat capacity as well as corresponding temperature values are provided in the table. These values may be typed manually, if they are known, or they may be calculated, if appropriate formulas are provided (Fig. 24).


In general case, when one wants to save information in IVTANTHERMO database format, besides Cp and T values it is necessary to specify

· substance formula (see Chemical Formula), 

· H(298)-H(0),

· S(298),

· DH(298),

· temperature interval for each polynomial (Tmin and Tmax),

· heat of the phase transition(s) H(tr) at Tmin.


If coefficients of the approximating polynomial, different from that adopted in IVTANTHERMO, are known, and it is necessary to convert them into IVTANTHERMO format, the easiest way is to use built-in formula calculator. Edit fields for the calculator together with fields for Tmin, Tmax and H(tr) are located on ten pages of the notebook. Each page serves for the input of the information in one temperature interval.
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Fig. 24


It is possible to use any number of pages of the notebook, from one to ten. When typing the formula for Cp polynomial use ‘x’ as variable. Example:


26.57+3.77*x/1000+1.17/x^2*10^5

NOTE! In some cases x can serve as temperature T, in others (IVTANTHERMO case) x=T/10000. So the value of the multiplier under the button ‘Calculate’ must be either 1 or 0.0001 (or any other if necessary). In the example above x stands for T, and the multiplier value must be 1.


‘Step’ edit field allows the user to assign temperature step for the calculation of Cp in given temperature range.


Speed button located left from the button ‘Calculate’ allows calling Formula Assistant, which facilitates formulas input.


Values in the table ‘T-Cp’ can be edited or deleted (key combination Ctrl/Del deletes selected row, Insert - inserts a new row before the selected one).


Identical temperature values in neighbor rows mark the end of one temperature interval and the beginning of the next one. That is the way to change borders of the temperature intervals.


Column ‘Weight’ in the ‘T-Cp’ table permits to take into consideration specific demands at the calculation of polynomial. Default value for each Cp value is one.


Procedure of computation of the coefficients is defined by values of the weight coefficients Wi. If some of them differ from unity then an ordinary least squares technique is being accomplished. Else, if all the weight coefficients equal unity, more complicated and more reliable iterative procedure is being used. The procedure can be described as follows. On the first iteration, we compute polynomial fit without weight coefficients. Then for each given point we calculate deviation di = |Fi(comp) - Fi(given)| where F - function value, and assume Wi = 1+ a

SYMBOL 215 \f "Symbol" \s 12Чdi, a - smoothing coefficient, which initially equals unity. Then we compute polynomial fit again using obtained values of Wi. After each iteration value of a is being diminished. The procedure of calculations terminates when maximum error of approximation of current iteration exceeds maximum error of the previous iteration. This approach allows the user to find the set of fitting coefficients, which minimize maximum error of approximation.


It is possible to calculate coefficients in standard mode or custom mode. Standard mode implies the use of IVTANTHERMO polynomial:


Cp = a + b/x2 +c*x + d*x2 + e*x3.

Custom mode allows the user to use any set of available elementary functions for the design of the polynomial and calculation of its coefficients.


In some cases, it is desirable to investigate the temperature dependence of Cp in some definite temperature range. Group ‘Compute the coefficients’ contains two additional edit fields ‘T(min)’, ‘T(max)’ and a check box ‘For the interval’.


If the check box is checked, then pressing of the button ‘Coefficients’ causes calculation of the coefficients in temperature range, defined by T(min) and T(max), without taking into consideration the borders of the temperature intervals.


Else, if the check box is unchecked, the pressing of the button ‘Coefficients’ causes calculation of the coefficients, taking into consideration borders of the temperature intervals.


If the coefficients were successfully calculated, the window of results appears on the screen.  Results of calculations may be presented in the form of charts (button ‘Graph’).


Button ‘Save’ permits to save calculated coefficients and other information about substance either into the database or into a text file.

NOTE! Only calculated coefficients can be saved.


All information typed about a substance (including T and Cp values) can be saved into a datafile with the extension ‘.grd’. To do that select menu item File|Save or File|SaveAs. Saved earlier information can be read from datafile (File|Open).

Formula Assistant


This window (Fig. 25) serves to facilitate the process of the Cp-approximating formulas input. All necessary information concerning the formulas can be typed in the cells of the table in columns:


- ‘Elementary Function’ - here the functions, which are used in the formula, are to be typed;


- ‘Multipliers’ - if some of the elementary functions have a constant multiplier for each temperature interval, say 0.001 or 10^5, the multiplier value can be typed in an appropriate cell;


- ‘Coefficients’ - type the values of the coefficients matching the elementary functions.


Button ‘Clean’ allows the user to clean the cells, which contain values of the coefficients.


Button ‘Ok’ permits to save all information typed in this window and create formulas on the pages of the notebook.


Button ‘Cancel’ closes the window without saving of the information and creating the formulas.


Check box ‘Fix 2nd Column’ - when checked it prevents from horizontal scrolling the column ‘Elementary Functions’.
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Fig. 25

Results


Upper table of the window (Fig. 26) displays errors of approximation for each polynomial 


- arithmetic mean error,


- mean quadratic error,


- maximum error of the approximation,


- the temperature corresponding to the maximum error.


Lower table contains values of Tmin and Tmax (borders of the temperature intervals) , list of elementary functions which form the polynomial, and the corresponding values of coefficients.


Button ‘Compare Results’ in this window allows to view the source and calculated Cp values, and visualize the results of calculations as charts (see Charts).
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Fig. 26

Heat Balance Calculation


This program allows calculating heat balance between given sets of the source components and reaction products, provides the temperature and quantity of each component is known. In other words, it can calculate heat quantity necessary to supply into the system (or lead it away) to obtain the desired temperature values of substances.


To calculate heat balance one should type substance formulae, their temperatures and amounts both in ‘Input’ and ‘Output’ tables (Fig. 27). Only those substance formulae, which are present in database are available!


Substance formula may be typed directly in column ‘Species’ or it may be borrowed from the general list by left mouse button clicking on an appropriate item. Formula will be placed in the active row of the active table (‘Input’ or ‘Output’).


It is possible to type extra heat (caused by heating) and extra cool (caused by heat losses) quantities if necessary.


Panel ‘Units’ contains three radio groups, which allow selecting units for energy, temperature and quantity.


‘Mat. bal.’ button allows to view input and output material balance.


‘Temp. bal.’ button allows to calculate (if possible) the temperature of output substances that matches the input conditions so that the heat balance equals zero.


The panel ‘Total Heat’ in the bottom displays heat balance as Q(out) - Q(in). Calculated value of the heat balance is not equilibrium one.  It is based on the estimated conditions of the process.


Quick search is possible in the list of substances.
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Fig. 27


To save current information into a disk file, or read an existing data file, or start a new task press right mouse button and select a corresponding item in the pop-up menu.


Information is saved in files with extension (.ihb).

Report Viewer


This program permits to view the text files and to print them if necessary (Fig. 28).


Press ‘Load’ to select some text file for viewing.


Press ‘Font’ to change the current font, this selection will also be valid for printer.


Press ‘Print’ to print the current text.
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Fig. 28


If one wants to find some string in the text, type this string (one word or several words) in the edit field ‘String to find’ and press the ‘Search’ button. The search will be carried out forward from the beginning of the text until the first matching text is found. The search will be continued after each pressing of the ‘Search’ button.


If one changes the string to find, the search will be carried out from the beginning of the text again.
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