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Final Report

ONR N00014-82-C0718

Since publication of Pourbaix's classic treatise "Atlas of Electro-

chemical Equilibria in Aqueous Solutions" (Pergamon Press, Oxford,

CEBELCOR, Brussels, 1966), there has been interest in computerizing the

calculation of Pourbaix diagrams in order to avoid the tedious task of

calculating these diagrams "long-hand" for complex systems. Reference I

reports a computerized method developed at University of Florida and cur-

rently in use in a number of laboratories which have access to main-frame

computing facilities. On the assumption that personal computers can be

made more readily available to scientists and engineers, there was inter-

est in adopting the existing program for use on an Apple II personal

computer.

ONR Contract #N0014-82-C0718 provided support for this effort. The

new program developed at University of Florida has the following capabil-

ities and advantages:

(1) The program is written in UCSD-Apple Pascal which makes it adaptable

to many microcomputer systems.

(2) The method used to balance the equilibrium chemical equations alloys

the consideration of complicated metal-ion-water systems.

(3) The program can be easily modified for high temperature applications

through the inclusion of an available subprogram.

(4) The method used to determine areas of predominance is intuitively

obvious, rigorously correct, and continuum in its approach.

(S) The program can be applied to determine equilibrium potential-pH

diagram for even very complex y .aI tas #
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Th oram

The Fe-Cl-H 2 0 system provides a simple example of the application of

the program. The metallic species which will be considered are shown in

Table 1. Later, a more complex example will be given.

Table 1. DATA EMPLOYED IN COMPUTERIZED CALCULATION OF THE POTENTIAL vs
pH DIAGRAM FOR THE Pe-Cl-H2 0 SYSTEM AT 250C

Species considered Gibb's free energy Assumed
Chemical Computer of formation thermodynamic
notation notation (in cals/K) activity

Cl- CL- -31372.0 1.0 x 10 - 1

Fe FE 0.0 1.0

Fe304  FE304 -242700.0 1.0

Fe 203  FE203 -177400.0 1.0

HFeO2 -  HFE02- -90300.0 1.0 x 10 - 6

FeOH2 +  FEOH++ -54830.0 1.0 x 10-6

Fe(OH)2 -  FE(OH)2+ -104700.0 1.0 x 10-6

FeC1 2 (Aq) FECL2(AQ) -81590.0 1 .0 x 10 . 6

FeC12 + FECL++ -34400.0 1.0 x 10-6

Since computer line printers display only capital letters, it is

necessary to develop a suitable convention for writing chemical equations

entirely on one line (no subscripts)/and in capital letters. Any reason-

able, internally consistent, convention may be employed. Further

reference to Table 1 will supply insight into the type of convention em-

ployed by the authors in this example. In order to avoid confusion in

reading the balanced chemical equations, the computer places an asterisk

betwea all coefficients and the chemical species to which they refer. N
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Input of Data

Data is entered into the microcomputer interactively. The user is

prompted for each piece of data to be entered. In order to prevent

crashing, all data is read as characters and converted to integer or real

values as required.

The first piece of data to be entered is the temperature, in degrees

Kelvin, to be used in Nernst equation calculations. Temperature correc-

tions of free energy data may be done using a separate subprogram based

on the methods of Criss a Cobble. (ref. 2)

The number of non-metallic ionic species to be considered is

entered. In this example the number I is entered, since only C1- is con-

sidered. Pertinent ionic-species data in the form of each species' name,

free energy of formation, activity, electrical charge and elemental com-

position is then input.

Immediately after the ionic species data the number of metallic

species to be considered is entered (for the Fe-Cl-H2 0 system this number

is 8, since C1- would not be counted an a metallic species). Other per-

tinent data similar to that listed above for the ionic species is then

input for each metallic species.

When data entry is completed the user in asked if the data requires

correction. The user is able to select and modify any piece of data.

The data is written to the terminal or printer as specified by the

user. The tabular form allows checking for accuracy and the user is

again offered the opportunity to modify the entered data.

I
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Chemical equation balancing and Equilibrium Line Determination

When considering the possible formation of N different metallic
species

N (N- 1)
2

chemical equilibrium equations exist. The program balances chemical

equations between all of the possible pairs of metallic species. The

program takes all possible pairs of metallic species and balances the

equations in terms of water, hydrogen ions, electrons, etc. The balanced

chemical equations are used by the computer to determine and tabulate the

equilibrium line equations by means of Nernst equation calculations.

(For a simple explanation of the calculations involved, consult Ref. 3)

Areas of Predominance

Determining the areas of predominance on a potential-pH diagram re-

quires a proper understanding of the information conveyed by each line on

the diagram. Each line represents equilibrium coexistence between two

metallic species (with certain assumptions regarding ionic activities).

hen any line is crossed one metallic species becomes more energetically

favorable than another. Each line, therefore, delineates a boundary be-

tween two adjacent areas on the diagram. Bach area represents the region

(in potential vs ps coordinates) in which a particular species is thermo-

dynamically stable and dominant. By simultaneously considering all of

the lines which correspond to equilibria involving a given species, an

area is traced out in which the species in question is "not excluded".

This then is the area of predominance for that species.

4



When each species is considered (one at a time) in the above manner,

a series of separate areas of predominance results. When these separate

areas are fitted together, they form the finished theoretical potential-

pH diagram without any overlaps.

A mathematical analog can be drawn by considering the equilibrium

lines as inequalities. For example, in considering the equilibrium

between Fe and Fe 3 0 4 , Fe is the predominant species at values of poten-

tial and pH less than those described by the equilibrium coexistence line

between Fe and Fe 3 04 (hence the term "inequality). Thus a given species

will exist whenever the potential and pH satisfy all of the line inequal-

ities pertaining to the species. If no potential and pH1 simultaneously

satisfies all of the inequalities of a given species, the species has no

area of predominance.

The field of operations research has been developed by industrial

and system engineers to deal with such mathematical analogs.. In opera-

tions research the area which nutually satisfies a set of linear inequal-

itLes is termed a O=onvex polygonw. * Nethods of determining convex

polygons, therefore, lend themselves to determining areas of predominance

on potential-ph diagramm.

Computer determination of areas of predominance

The equation balancing portion of the program is designed to write

all electron-transfer equations as oxidation reactions. This results in

* Convex polygon-an area such that if a Line sequent is drawn between any
two arbitrarily selected points in the polygon all points on the line
segment will alo lis within the polygon. (Ref. 3)
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two important consequences. First, for all constant-pH lines the

metallic species on the lower pH fleft) side of the line will appear on

the left side of the chemical equation. Second, for all non-vertical

lines the metallic species which lie on the lower potential sides of the

lines will also be on the left side of the chemical equation. By noting

whether the various lines are vertical or nonvertical and on which side

of the chemical equations the species occur, lines can be sorted into the

following four categories: (1) minimum pH lines; (2) maximum pH lines;

(3) potential, upper bound lines; and (4) potential, lower bound lines.

The program uses this sorting technique to determine the convex polygon

for each metallic species which simultaneously satisfies all the

equilibrium line equations of each individual species. The resulting

polygons are displayed to the user by the computer as a set of points

which constitute the corners of each convex polygon. Plotting the deter-

mined points (expressed in potential and pH coordinates) and connecting

them with straight lines results in a diagram like the one shown in Fig.

1 for Fe-Cl-N2 0. 0.4
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Determination of more Complex Systems

More complex metal-ion-water systems involving ionic species which

Calculation of potential-pH diagrams of metal-ion-water systems by computer
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FIG. 2. Potential vs pH diagram for the Pe-Cl-S-H 20 system at
256C as determined by the computer considering the species
shown in Tables 1 and 2.

have their own potential-p equilibria (e.g. H 2 S, HS-, S 2 - ) appear to

violate the previous theory for determining regions of predominance.

Such is not the case when the program is properly employed.

Addition of the species shown in Table 2 to those in Table I

results in the computer detprmined diagram shown in Fig. 2. note even

though the region of predominance for FeS does not, as a whole. consti-

tute a convex polygon, the portions of the region which lie in each of

the individual areas of predominance for 128 , US- and S 2 - respectively,

are in each case convex. Thus when it becomes necessary to formulate

such a diagram it requires the initial computer calculation of more than

II.



one diagram. In this case three diagrams were determined considering

individually H2S, HS- and S
2- The appropriate portion of each of the

three diagrams was then used to construct the final diagram

Table 2. DATA EMPLOYED IN COMPUTERIZED CALCULATION OF THE POTENTIAL vs
pH DIAGRAM FOR THE Fe-Cl-S SYSTEM AT 25-C

Species considered Gibb's free energy Assumed
Chemical Computer of formation thermodynamic
notation notation (in cals/M) activity

H2S H2S -6660.0 1.0 x 10-1

HS- HS- 2880.0 1.0 x 10- 1

S2-  SS-- 20500.0 1.0 x 10-1

FeS (Solid) FES (SOL) -24000.0 1.0

FeS 2 (Solid) FES2 (SOL) -39900.0 1.0

FeSO4 (Aq) FESO4 (AQ) -196820.0 1.0 x 10.

shown in Fig. 2 taking into account the domain of stability of each

ionic species. (For simplicity the diagrams are drawn with straight-

line segments meeting at the "equal dominance" lines for adjacent ionic

species. Actually at such lines (e.g. HS-IS2 - ) the activities of both

species are equal at the equal dominance line but one species rapidly

predominates as one moves away from the line.) Using this technique

even more complicated systems can be determined.
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Summary of Program Capabilities

The interactive microcomputer version of the pH potential program

is largely a translation of the WATFIV version and takes advantage of

UCSD Pascal features.

The described computer program is arbitarily designed to consider a

maximum of 35 metallic species and 10 non-metallic ionic species simul-

taneously. Redimensioning of the program matrices will allow for any

desired increase or decrease in the program's capacity.

The structure of the program and the UCSD operating system facili-

tate the addition of extensions to the program through the independent

development of new modules. It is hoped that support can be obtained

for development of additional modules including a data maintenance rou-

tine that will record on disk a library of data for selected metal-ion-

water system and an accompanying graphics package that will permit

interactive terminal and printer output of generated pH potential

diagrams.
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Attachments Include:

Flow chart

Modular Documentation

The Main Program with Accompanying Units

User's Guide

Example of Output
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PH - POTENTIAL PROGRAM

MODULAR DOCUMENTATION



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Metal input (* part of unit in data*)

B. MODULE FUNCTION - Prompts user for metallic species data

C. INPUTS (ARMENTS, COMMON, FILE & TERMINAL) - Terminal:Number of
metallic species (NP)
Name of metallic specie (SP [M, HH])
Free energy of formation (F (J)
Ionic activity (AM (M)
Electrical charge (Z (M])
Number of metal atoms (Metal (M])
Number of oxygen atoms (Oxygen (MJ)
Number of hydrogen atoms (Hydro (MI)
Number of characteristic atoms for each ionic species (ION (I, M])

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

E. SUMMARY OF PROCESS - Sequentially prompts user for metallic species
data. All real values read as characters by the procedure inreal,
and are converted to real by CHAR to REAL. Integer values are also
read as characters and are converted to integer by CHAR to INT.
Name of species is read in by the procedure GETMET.

F. CALLS THESE MODULES - Procedures:INCHAR, INREAL, GETMET, LF.
Unit: Convert

G. CALLED BY THESE MODULES - Main

--



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Data input (* part of unit in data )

B. MODULE FUNCTION - Prompts user for non-metallic ionic species data

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal:Temperature
(T)
Free energy of formation of H20 (FEH20)
Number of non-metallic ions (NION)
Name of species (Name 1K, HH])
Free energy of formation (FION [1))
Ionic activity AION [i)
Electrical charge (ZION [11)
Number of characteristic atoms (BION (I)
Number of Oxygen atoms (OXY (I)
Number of hydrogen atoms (HYD [I])

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

E. SUMMARY OF PROCESS - Sequentially prompts user for non-metallic
ionic species data. All real values are read as characters by the
procedure inreal and converted to real by CHAR to REAL. Integer
values are also read as characters and are converted to integers by
.CHAR to INT. Name of species is read by the procedure GETNONMET.

F. CALLS THESE MODULES - Procedures:INCHAR, INREAL, GETNONMET, LF.
Unit: Convert.

G. CALLED BY THESE MODULES - Main



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Initialize

B. MODULE FUNCTION - Initialization of index values, ionic species
values, and species name array

C. INPUTS (ARGUMENTS, COMMON, FILE I TERMINAL) - None

D. OUTPUTS (ARGUMENTS, COMMON, FILE £ TERMINAL) - None

E. SUMMARY OF PROCESS - Initializes program counter index to 1.
Initializes FION (1], OXY (1), to 0. Initializes S, Name, X, SP to
all blanks ("b").

F. CALLS THESE MODULES - None

G. CALLED BY THESE MODULES - Main



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Main program

B. MODULE FUNCTION - Controls execution of program

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Interactively prompts

user for display option (printer or terminal)

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

E. SUMMARY OF PROCESS - Sequentially calls primary program modules for:

1. input of data
2. correction of data
3. display of data
4. correction of data
5. equation balancing

F. CALLS THESE MODULES - Initialize, data input, metal input, nonmetal

display, metal display, data correct, Bq balancer

G. CALLED BY THESE MODULES - None
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MODULAR DESCRIPTION FORM

A. MODULAR NAME - Stable I (* part of unit stable )

B. MODULE FUNCTION - Determining areas of predominance

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

D. OUTPUTS (AIGUMENTS, COMMON, FILE & TERMINAL) - Listing of areas of
predominance, line segment data. Listing of minimum and maximum
constant pH line data.

E. SUMMARY OF PROCESS - Determine minimum pH line for metallic species
(Stable 3). Determines maximum constant pH line for metallic
species (Stable 4). Calculates upper bound lines to determine the
line which supplies minimum potential for upper bound of stability
region at minimum pH (UPBNDLNS). Calculates intersection points
between previously determined upper bound lines and remaining upper
bound lines (INTPTSHI). Calculates lover bound lines (LOWBNDLNS)
and intersection points for lower bound lines (INTPTSLO). Tests
upper and lower bounds to determine whether they intersect within
the minimum and maximum pH lines. If they intersect, the points are
determined and data is printed. Orders pH values at which either
two upper bound lines or two lower bound lines intersect from PHMIN
to PHMAX. Finds point where upper bound exceeds lower bound.
Determines intersection point on maximum pH side. Prints data.

F. CALLS THESE MODULES - Procedures:Start, Set flags, Stable 2, Stable
3, Stable 4, UPUW)LNS, INTPTS Hi, TEMP I, LOWBNDLNS, INTPTSLO, TEMP
2, Stable 5, Stable 6, Stable 7, Stable 8, Stable 9, Stable 10,
Stable 11.

G. CALLED BY THESE MODULES - Eq Balancer

i
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MODULAR DESCRIPTION FORM

A. MODULAR NAME - Eq Balancer

B. MODULE FUNCTION - Balances equations between all possible pairs of
metallic species.

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal or
Printer: Balanced equations. Equilibrium line equation.

E. SUMMARY OF PROCESS - Balances chemical equations between all
possible pairs of metallic species. Takes all pairs of metallic
species and balances them in term of water, hydrogen ions,
electrons, etc. NERNST equation calculations are then used to
tabulate the equilibrium line equations. Procedure diagram then
calls stable 1.

F. CALLS THESE MODULES - Procedures:EQB1, SUMNUK, Update, LOGSUM,

FINDSIGN, EQB4, CALCEQEQ,
Diagram, Stable 1.

G. CALLED BY THESE MODULES - Main

i 1.



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Nonmetcor (* part of unit in data *)

B. MODULE FUNCTION - Correction of non-metallic species data entered.

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal: Parameter
to be modified. (Name, FION, AXON, ZION, BION, OXY, HYD). New
value for parameter specified.

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal: Menu of
parameters. Old value of parameter.

E. SUMMARY OF PROCESS - Asks which ion to modify. Displays menu of
options to be modified.

1 . ion name

2. free energy of formation
3. activity
4. charge
5. number of characteristic atoms
6. number of oxygen atoms
7. number of hydrogen atoms

Writes old value of parameter, prompts for and reads new value.

F .CAL-S THESE MODULES - Procedures: NMETCI, NKETC2, NNETC3, NMBTC4,
NMzTCS, NMETC6, NMETC7,
6ETUONIET, INREAL, INCHAR.
Unit:Convert.

G.CALLED BY THESE MODULES - Data correct

2



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Metcor

B. MODULE FUNCTION - Correction of metallic species data entered.

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal :specieas and
parameter to be modified (SP, F, AM, Z, Metal, Oxygen, Hydro, Ion).

New value for parameter specified.

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal:M4enu of
parameters. Old value of parameter.

E. SUMMARY OF PROCESS - Asks for species to be modified. Displays menu
of options.

1. specie name
2. free energy of formation
3. activity
4. charge
S. number of metal atoms
6. number of oxygen atom
7. number of hydrogen atoms
8. number of characteristic atom

Writes old value of parameter, prompts f or and reads new value.

V.CALLS THESE MODULES - Procedureus:KTCl, METC2, METC3, KETC4, METCS,
Mfl06, METC7, P=fCB,
GETNET, INCHAR, INREAL.
Unit: Convert

G.CALLED BY THESE MODULES DaUta correct.



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Fecor (* part of unit in data *)

B. MODULE FUNCTION - Correction of free energy of formation of H20
entered.

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal: FEH2 0

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Old FEH20 value

E. SUMMARY OF PROCESS - Prints current value of FEH20. Prompts for and
reads new value of FEH20.

F. CALLS THESE MODULES - Procedure:Inreal
Unit:Convert

G. CALLED BY THESE MODULES - Data correct



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Tempcor

B. MODULE FUNCTION - Correction of temperature entered

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal: T

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Old T value

E. SUMMARY OF PROCESS - Prints out current value of temperature.
Prompts for and reads new value of temperature.

F. CALLS THESE MODULES - Procedure:Inreal

Unit:Convert

G. CALLED BY THESE MODULES - Data correct



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Data correct (* part of unit in data )

B. MODULE FUNCTION - User correction of data entered

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Data type to be

modified (Opt.)

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

E. SUMMARY OF PROCESS - Prompts user for type of data that requires

modification. The options are:

1. temperature
2. free energy of H20
3. non-metallic species data
4. metallic species data
5. data is now correct
Calls appropriate procedure.

F.CALLS THESE MODULES - Procedures: Tempcor, Fecor, Nonmetcor, Metcor

G.CALLED BY THESE MODULES - Main



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Metal display

B. MODULE FUNCTION - Displays metallic species data

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal or
Printer: SP, F, AM, Z, Metal, Oxygen, Hydro, Ion

E. SUMMARY OF PROCESS - Displays metallic species data in tabular form
to terminal or printer as specified by user.

F. CALLS THESE MODULES - Procedures: Dis I MET, Dis 2 MET, Dis 3 MET,
Draw.

G. CALLED BY THESE MODULES - Main



MODULAR DESCRIPTION FORM

A. MODULAR NAME - Nonmetal display

B. MODULE FUNCTION - Displays non-metallic species data

C. INPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - None

D. OUTPUTS (ARGUMENTS, COMMON, FILE & TERMINAL) - Terminal or

Printer: T, FEH20, Name, FION, AION, ZION, BION OXY, HYD

E. SUMMARY OF PROCESS - Displays non-metallic species data in tabular

form to terminal or printer as specified by user.

F. CALLS THESE MODULES - Procedures: ions out 1, ions out 2, draw.

G. CALLED BY THESE MODULES - Main



( s$+*)
PROGRAM PHPOTENTIAL( INPUT,OLJTPUT);

USES TRAI4SCEND,GETVALUE,CONVERT, INDATA.STABLE;
TYPE

AONAME =ARRAYEI. .15.1. .15] OF CHAR;
IATRIXBO=ARRAYEI.80 OF CHAR;
AQINTIO =ARRAY[I. .10] OF INTEGER;
IIARZXS9S=ARRAYEI. .2] OF ARRAY~t. .595] OF REAL;
AOCH15 =ARRAYCI .153 OF CHAR;

VAR
CICOEF :AOl 15;
JINDEX.INDEX :INTEGER;
MUNA,NPP :INTEGER;
NUMBN UM *NUME:INTEGER,
11,HH,KK :INTEGER;
JK,L.,Il :INTEGER;
IONSNONION :INTEGER;
SAVETEMPS :AOCH15;
MAT :MATRIX80;
x :AONAME;
NUMF,SUMAIO :REAL;
ACT, ACTI ,ACTZ:REAL;
DELGPH :REAL;
HE,ZAPIZAP2 :REAL;
ENZAP3.ZAP4 *REAL,
OPTI,NOPT :CHAR;
AB : BOOLEAN;

PROCEDURE INITIALIZE;
BEGIN

INDEX:=1;
FIONE 1]: 0.0;
AIONCi] =1 .0;
ZION 1]: =0;
BIONE 12:=0;
OXYC 12: =0;
HYDC 1]: 0;
FOR I:=1 TO 15 DO

BEG IN
SE13:-' ;

FOR J:zl TO 15 DO
BEGIN

NAIIECI,J]:-'
XEI,J]:-'

END;
END;

FOR 1:1 TO 5 DO
FOR := TO 35 DO

END;

PROCEDURE FINDSIGN;
BEGIN

FOR J:=1 TO NUMB DO
IF COEFCJ300 THEN

BEG IN

IF lot THEN SEII:u ;
IF COEFCJ](0 THEN SC13:=- -;
IF J-(NION.3) THEN

BEGIN
SC I]: -'-
CEI] =COEFCJ3;

END
ELSE CCII]:ABS(COEFCJ]);
FOR HH:-1 TO 1S DO XCI,HH1:uNAIECJ,HH3;

END;
END;



PROCEDURE UPDATE;BEG INFOR I:=l TO NUMB DOCOEFE Il: -COEFE II;
J:-COEF(13;
FOR HH:=I TO 15 DO

BEG IN
NAMEElI,HH3:-NAMEENIONe3 ,HH3;
HAIIEENION.3 ,HHI:S=TEIIPCHH];

END; =CECIN3
COEFE 12 -OFEIN+3
COEFENION.32 :=-J;
ACT:=ACTI;
ACTI:=ACT2;
ACT2: =ACT;
LINEC 1,1112:=
LINECZ ,t1I : =11
DELG: =-DELG;

END;

PROCEDURE SUJINUTI;
BEGIN
MUN: =0;
NUl: =0;
NUNE : =0
FOR 1:wI TO NION DO

BEGIN
NUM: =NUMiCOEFC .2 3'OXY[1I 2
NUN: =NUNeCOEFC I+23*HYDC 12;
NUMF:=NUMFe'COEFCI.23*FIONCI2;

END;
COEFCZ23:=OXYGENEA3*NETALCM2-OXYGENCH2'NETALCAI-NUM;

COEFENION,42:UCOEFC23*2..IYDROA*COEFENION+33+HYDROEM3'COEFE13+KUN;
DELG:=COEFCNION,33*FCA3-cOEFE13*FCN2-COEFC23*FEH2O-NUMF;
NLINE : 0;
FOR I:=I TO NrON DO
NUME:=NUMECOEFEI+21*ZIONC 13;

COEFCNIONS31:=COEFENION+4J-NUME-COEFE13*ZCN2.COEFCNION3'ZCAI;
END;

PROCEDURE EOWRITE;
BEGIN

KK: .1;
WHILE t4ATKK()'# DO

BEG IN
WRITE(FF.NATCKKI);
KK: =KK+ 1;
IF KATCKK3-= THEN

BEG IN
WRITELN( FF .MATCKK3);
KK: uKK+ I;

END;END;ND;

WRITELN(FF, i I)

PROCEDURE SUB1O;
BEG IN
LTYPECKI2 -0;
EQUATC 1 .11: -0;
EOUATCZ .111 :-0;
WRITE(FF,' ',I:3,. NO LINE GENERATED*);
WRITE(FF., 0)
EOWRITE;

END;

PROCEDURE SUDII;
BEGIN

ZAPl:uDELGI(2.303'1.98?'T);
ZAP2 :-COEFCNION,33*LOG(ACT2);
ZAP3:-COEFI2'LOG(ACTt);
PH:=(ZAPtZAP2-ZAP3-SU11AIO)ICOEFCNION42
LTYPEEMI 3:mI;
ZOUATCtI 11: -PH;
EOUATC 2 Ml :0!
WRITE(FF,' ',MI:la PH=IPH:I:2);
WRITE(FF,'I )
EOWRITE;

END;



PROCEDURE CALCEQEG;

IF(COEFENION+5J=0) AND (COEFENION+4]o0) THEN SUB1O

IF COEFCNION+5J=O THEN SUBII
ELSE

BEG IN
ZAPI:=1.9844*T/COEFCNION+53;
ZAPZ:=DELGICCOEFCNION.5]'23060.O);
ZAP3:=COEF CNION33* LOG (ACTZ)
ZAP4.uCOEFE1J*LOG(ACTI);
HE:u-(COEFENION+43*ZAPI*0.O001);
EN:=ZAPZ+ZAPI*(ZAP3-ZAPq-SUMAIO)*0.0001;
LTYPE EN!]=Z
EGUATEI ,KII:=EN;
EQUATEZM113: =HE;
IF HE=0 THEN

BEGIN
'JRITE(FF,' '.I:3, ! E-=.EN:6:4);
WRITE(FF,*
EQWRITE;

END
ELSE

IF HE(0 THEN
BEGIN

HE: u-HE;
WRITE(FF.' ',tI:3,' 1 E-=.EN:8:4);
WRITE C FF,' -. 1 HE: 7: 4 ,PH *
EOWRITE;

END
ELSE

BEGIN
WRITE(FF. *,MI:3, ! E=-.EN:S:4);
WRITE(FF,' +',HE:7:4,.PH ! )
EQWRITE;

END;
END;

FOR KK:=1 TO 90 DO KATCKK3:u *
FOR KK:=1 TO 15 DO NAHECI.KK3:=TEKPCKK3;
END;

PROCEDURE EQB4;
BEGIN

FOR KK:n1 TO 60 DO IIATEKK3:u ;
II mlI;
FOR J:-I TO I DO

BEG IN
IF Jol' THEN

BEGIN
MATE II]: SCJ3;
II:nuII;

HAT1 T:=
II -1111,

END;

FOR KK:l TO 15 DO

IF SAVEEEKK2(' * THEN
BEGIN
KAT T I I 3 S-SAVECKK3
II 0.1+11

END;

II -1113='
1 l 1,1;~l

END;
hATR Km TO: 15 DO

END;K:-[,K3



PROCEDURE LOGSUM;
BEG IN

SUMAKO =0,0;
FOR KKi=1 TO NION DO

BEGIN
SUIAIO:=SUMI O. COEFE KK.2 * LOG CATONE KK]);

END;
END;

PROCEDURE EODI;
BEGIN

I: at111+1;
TONLINEM13]:=0;
IF(AMEKJO>I) OR (AIIEA3()1) THEN IONLINEKT]:=2;
IF(A1CIK()I) AND (AKEAIO)I) THEN IONLINEII:ut;

I! IF MImINDEX THEN
BEGIN

IF INDEX0I THEN DRAWER(79);
INDEX: -INDEX.70,
LNFD( IS);
WRITELN(CHR(12));
DRAWER(C79);
WRITELN(FF,'
WRITE(FF,'NUKBER IEQUIL[BRIUM I');
WRITELN(FF,' BALANCED CHEMICAL EQUATION');
WRITELN(FF,' l');
DRAWER(79);

END;
ACTI:=AMEM];
ACT2 : AKE A],
FOR HH:-1 TO 15 DO NAMEENION,HH]:mSPEAHH3;
COEFENION.33:-METALEM];
COEFE II:-=METALEA];
FOR I:-I TO NION DO
COEFEI,23:=COEFCNION+3]*IONCT,A]-COEFEl3*IONET.M3;

SUMNUK;
NUMB: .NION.5;
FOR HH:-1 TO t5 DO TEMPEHH2:=NAMEEIHH3;
LINEE 1.111: -H;
LINEEZ,MI] :-A;
IF ((COE FCNIONS]=O)AND(COEFENIONe4](O))OR(COEFCNION,53C0) THEN
.UPDATE;

END.

PROCEDURE EG9ALANCER;
BEGIN

MIl: -0;
NAMEEC2. 1]: -H';
NAKEECZ,2]:n-2
HAMEC2,3:='0
NAMEENION.4,I]:=-H'
HAMECNTOH.4,22:=-4#
NAMECNTON.S.1]:-'Eo
NAMECNION.5,2 2:=-
NPP: -NP-I;
FOR 11:wI TO NPP DO

BEGIN
FOR HH:-1 TO 15 DO NAMEEIHH3:=SPCM.HH3;
K:=-H.I;
FOR A:=K TO NP DO

BEGIN
1091;
LOG SUtI;
FINDSICN;
E094;
CALCEOQ;

END;
END;

END;



PROCEDURE DIAGRAM;
BEGIN
DRAWER(78);
IONS:=0;
NONION:=0;
FOR I:-I TO NP DO

IF AM[I]nI THEN NONION:=NONION+I
ELSE IONS:-IONS+I;

IF NONION-0 THEN
BEGIN

LNFD(10);
RITELN(FF,' ** NO SOLID SPECIES DIAGRAM ');

END
ELSE

BEGIN
IONDIG:=0;
STABLE1;

END;

IF IONS(=1 THEN
BEGIN
LNFD(t0);
WRITELN(FF, '** NO DISSOLVED SPECIES DIAGRAM ",);

END
ELSE

BEGIN
IONDIG:=I;
STABLEI;

END;
END;

PROCEDURE OUTMENU;
BEGIN

XHILE (OPTI0'T') AND (OPTl(>'P') DO
BEGIN
WRITELN(CHR(12));
IF AB-FALSE
THEN WRITELN(' DATA OUTPUT OPTIONS 7
ELSE WRITELN(' EQUATION LISTING OPTIONS');

LF(3);WRITELN(I P - PRINTER');
LF(I);WRITELN( T - TERMINAL');
LF(2);WRITE(' ENTER OPTION:');
READLN(OPTI);
WRITELN(CHR(12));WRITELN;

END;
IF OPTL-*P' THEN FILENAME:-'PRINTER:'
ELSE FILENAME:-'CONSOLE:';

END;

I -

| |



(*5S4 a )

B EGI N
REPEAT
WRITELN(CHR( 12));
INITIAIZE;
DATA INPUT;
METAL INPUT;
WJRITE(' MODIFY DATA ? [YIN3: 1);
READLN(OPTI);
IF OPTIwY' THEN DATACORRECT;
JRITELN(CI4R( 12));
REPEAT

IF NOPT='Y THEN DATACORRECT;
REPEAT

LF(1);WRITE(' DISPLAY TABULATED DATA E YINI: )I READLN(OPTt);
AS: -FALSE;
IF OPTI*Y' THEN

BEGIN
OUTKENU;
REWRITE(CFFF ,FILENAME);
NONMETALDISPLAY;
METALDI SPLAY,
CLOSE(FFF);
OPTi.. '
WHILE (OPTI()Y) AND (OPTI(ON') DO

BEGIN
WRITE(' MODIFY DATA ? CYINI: )
READLN(OPTl);

END;
IF OPTI'Y' THEN DATACORRECT;

END;
AB: -TRUE;
OUTMENU;
REWRITE(CFF FILENAME);
EOBALANCER;
DIAGRAM;
CLOSE(FF);
LF(2);
WRITELN(* EXECUTION COMPLETE....');
LF(3),
WRITE(' EXECUTE AGAIN ? CYIN3: )
RE ADLN (NO PT )
IF NOPT*N' THEN EXIT(PROGRAM);
INDEX: -1;
WRITELN(CHR( 12));
LF (2);
WRITE(' REPEAT WITH SAKE DATA ? CYINI: )
RE AD LNCNOPT )

UNTIL NOPT-N';
LF(2);
WRITE(' MODIFY CURRENT DATA SET ? CYINl: )
RE ADLN(CNO FT )

UNTIL NOPTlN';
UNTIL NOPTXI;

END.
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UNIT GETVALUE; INTRINSIC CODE 23 DATA 24,

INTERFACE
TYPE

AOI5=ARRAYEl. .153 OF CHAR;
A0115=ARRAYE1..153 OF INTEGER;

PROCEDURE GETVAL(X:INTEGER;
VAR CCHAR:A015);

IMPLEMENTATIONI VAR HH,1 INTEGER;
INT :AO1IS;
VAL :AOIIS,

PROCEDURE GETVAL;
BEGIN

FOR 1:-I TO 15 DO
BEGIN

INT I3: =0;
VALC I : -0;
CCHAR(I]:-

END;
HH: - ;
WHILE X~m I DO

BEG IN
INTCKHH] X;
X:-X DIV 10;
HH: uHH+ 1;

END;
VALEHHI:=INTCHH3;
FOR 1:at TO (NH-I) DO
VALCKHH1-I 3 mINTC I -10' INTC 1.11;

FOR 1:-I TO NH DO
CCHARC II: wCIR( VALE I]+ORD(' 0)

FOR 1:-I TO (HH-I) DO
CCHARCII:-CCHARCI.I2;

CCHARCHH3:u ;
END;
BEGIN
END.



UNIT CONVERT, INTRINSIC CODE 16 DATA 17;

INTERFACE

TYPE
AOCH3=ARRAYI...3] OF CHAR;
AOCHli-ARRAYCI. .Ill OF CHAR;

VAR
NUMBER :INTEGER;
CH3 :AOCH3;
ERROR :BOOLEAN;
CHII :AOCHIt;I RNUMBER: REAL;
PROCEDURE CHARTOINT;
PROCEDURE CHARTOREAL;

IMPLEMENTATI ON

VAR I :INTEGER;
BLANK: BOOLEAN;
POWER: REAL;

PROCEDURE CHARTOINT;
BEGIN

1: =3;
NUMBER: =0;
BLANK: -FALSE,
POWER: 1. 0;
ERROR: -FALSE;
WHILE (CH3CIJ' ') AND (I)I) DO 1:u-l;
IF (1-1) AND (CH3CI3=*'
THEN

BEGIN
WRITELN;
WRITE LN( 'NUMBER EXPECTED');
ERROR: -TRUE;

END
ELSE

BEGIN
WHILE (ERRORnFALSE) AND (1)0) AND (BLANK=FALSE) DO

IF CH3EI] IN E'0'..'9'.'-'3 THEN
BEGIN

[F CH3ECII--' THEN
NUMBER: --NUMBER

ELSE NUMBER:.NUKBER+(ORD(CH3EII)-ORD(' ))*TRUNC(POWER)
POWER: mPOWER'I0 .0;

END
ELSE

IF CH3CI]=* ' THEN
BLANK: UTRUE

ELSE
BEGIN
WR ITE LN;
WRITELN(' IMPROPER NUMBER');
ERROR: -TRUE;

END;
END;

END;



PROCEDURE CHARTOREAL.
BEG IN

I .11,
RNUZIBER:.0,
BLANK:-FALSE;
POWERia1.0;
ERROR =FALSE;
WHILE (CH1I(ls I) AND (1)1) 001.1n-1;
IF (1=1) AND (CHIICIJ' ') THEN

BEG IN
JRITELN;
WRITELN(' NUMBER EXPECTED');
ERROR:-TRUE;

END
ELSE

BEGIN
WHILE (ERRORaFALSE) AND (1)0) AND (BLANKwFALSE) 0O

IF CHI ICI I IN C''..9',- ' 'JTHEN

IF CHII[l].' THEN
BEG IN

RNIJKBER: wRNUMBER/POWER;
POWER:u1 .0;
1:=I-i;

END
ELSE

BEGIN
IF CHild!]-'-' THEN

RNUMBER: -- RNUKBER
ELSE

BEG IN
RNU11BER:uRNUMBER(ORD(CHIICI])-ORD('0'))*POWER;
POWER: POWER* 10.0;

END;
I.:m -;

END
ELSE

IF CHild]l-' ' THEN
BLANK: -TRUE

ELSE
BEGIN
WRITELN;
WRITELN(' IMPROPER NUMBER');
ERROR: -TRUE;

END;
END;

END;
BEG IN
END.



UNIT STABLE, INTRINSIC CODE 26 DATA 27;

I NTER FACE
USES CONVERT. INDATA,
TYPE

AOINT2X59S=ARRAY[E1 2,I..5953OF INTEGER;
AOINT5 -ARRAYEI..5951 OF INTEGER;
A0R2X595 =ARRAYEI..2,1. 5953OF REAL;

VAR FF:TEXT;
F ILENANE:STRING;

NII :INTEGER;
LINE :AOINT2X59S;
LTYPE :AOINT595;
EQUAT :AOR2X595;

IONDIG :INTEGER;
IONLIN :A01NTS95;

PROCEDURE STABLE I
PROCEDURE LNFD(O0: INTEGER);
PROCEDURE DRAWER(00: INTEGER),

IMPL EMENTAT ION
VAR
NUMIB,LINNOLINNN,LTYPEI :ARRAYEI..343 OF INTEGER;
II.Lt.L2,INDEXJINDEX,I.NNN,PASS :INTEGER;
PHIIIND,PHJAXD,K.JJ,HH,J :INTEGER;
LINEI :ARRAYCI. .2...343 oF INTEGER;
EQUATt :ARRAY~t. .2,1. .343 OF REAL;
LOWER ,UPPER :ARRAYCI. .4.1. .343 oF REAL;
PHTEST :ARRAY~t. .353 OF REAL;
INTERC.EKINU,EHINLPHI..PH2 :REAL;
ABC,POTI ,P0T2.POT1I ,POT22,EL ,E2 :REAL;
PHMKN,PHMAX,EMAXUEMAXL,PHINT :REAL;
FLAGI,FLAG3,FLAG4,FLAG6,FLAGGER :BOOLEAN;
FLAG5,FLAG7,FLAG8,FLAG9,FLAGtO :BOOLEAN;

PROCEDURE LHFD;
VAR Q:INTEGER;

BEGIN
FOR 0:wI TO 00 DO WRITELN(FF);

END;

PROCEDURE DRAWER;
VAR Q:INTEGER;

BEG IN
FOR 0:mI TO 00 DO WRITE(FF,,-,);
WRITELN(FF);

END;

PROCEDURE RITER(ARGI ,ARG2:REAL;
ARG3,*ARG4:REAL;

ARG5: INTEGER);
BEGIN
WRITE(FF,' I ,ARGt:7:3,' I *,ARGZ:6:2);
WRITE(FF,' I .,ARG3:7:3.1 I ');
WRITELN(FFARG4:6:2,* 1 ,ARG5:3,' l);

END;

PROCEDURE SUB I;
BEGIN

IF (POTII(POTI) AND (PI4IINDC)O) THEN
RITER( POTI JUPPERI 3,1 , POTttI, LOWERC 3,13 ,NUMBI CPHIIIND3);

IF (POTII(POTI) AND (PHMINDwO) THEN
BEGIN
WRITE(FF.' '',POTI:?:3.1 1 )
WRITCFF,UPPERC3,13:6:2,' I ' ,POTII:7:3);
WRITELN(FF,' I *.LOWERC3,13:6:2,' 1 )

END;
IF (P0T22(POT2) AND (PHMAXD0O) THEN
RITER(?OT2.UPPERC4,N],P0T22,LOWERC4.NN3,NUMBtEPHMAXDI)i

IF (P0T22(POT2) AND (PHMAXD=O) THEN
BEGIN
WRITE(FF,' I 1,POT2:7:3.1 I)
WRITE(FF,UPPERC4,N3:6:Z, * I * ,POT22:7:3);
WRITELN(FF,' !.L0WERC4,NN3:6:l2, 1 1);

END;
END;



PROCEDURE STABLE II
BEGIN

FOR 1:nI TO N DO
BEGIN

POTI:mUPPERC I ,12 UPPERC 2, 12 UPPERC 3, 12;
POT2:-UPPERC 1,1324UPPERC2, I 2UPPERE4, II;
RITER( POTI *UPPERC 3, 12 POT , UPPERC 4, 12*LINNOC I );

END;
FOR 1:-I TO NN DO

BEGIN
POTI:mLOWERC 132 LOWERC 2, 12 LOWERC 3, 12;
POT2 : LOWERCI, 12 LOWERE2, 12 LOWERE4,1II
RITER(POT , LOWERC3. 12,POT2 ,LOWERC4,11,LINNNC 12);

END;
POTI:-UPPERC I * 12UPPERC 2 * UPPERC 3,*12;
POTZII:-LOWERC 1,1 2LOWERC2.13*2LOWERE3 ,12;
POTI I: -POTI 1.0.0001;
P0T2:-UPPERCI,N2.UPPERC2,N2'UPPERC4,NI;
P0T22:mLOWERC1,NH2,LOWERC2,NN2*LOWERC4,NN2;
P0T22:=POT22+0 .0001;
SUBI;
FLAGGER:=TRUE;

END;

PROCEDURE STABLE 10;
BEGIN

LNFDC2);
WRITE(FF. 6);
DRAWJER(S 7);
WRITE(FF,' I POTENTIAL I I PH I I');
WRITELN(FF.' POTENTIAL 2 1 PH 2 1 LINE NO. 9 );
WJRITE(FF,;
DRAWER(57)

END;

PROCEDURE STABLE9;
BEGIN

FLAGIO:-FALSE;
IF EMAXL)mEMAXU THEN

BEGIN
WHILE FLAG10=FALSE DO

BEGIN
IF CUPPERC4,N2)PHTESTCK2)AND(N)1) THEN N:-N-1;
IF CLOWERC4,NNI)PHTESTCK2)AND(NN)1) THEN NN:nNN-1;
K: -K-I;
EMAXL:-LOWEREI.NN2.LOWERC2.NN3*PHTESTCK];
EMAXU:-UPPERCI .NI.UPPERC2,N2'PHTESTCK];
IF EMAXU)mEMAXL THEN FLAGIO:uTRUE;

END;
PHINT:=(UPPERCI,N2-LOWERCI.NHI)I(LOWERC2.NN2-UPPERC2.N]);
LOWERE4.NN2 -PHINT;
UPPERC4,N2 :-PHINT;

END;
END;

PROCEDURE STABLES;
BEGIN

IF FLAC~uFALSE THEN
BEGIN

PHINT: .CUPPERC I, 1-LOWERCI. 12 ) (LOWEREZ. 12-UPPERE2,11)
LOWERCS .12: PHINT;
UPPERCS,12: -PHINT;

END;
END;

PROCEDURE SUBI CL: INTEGER);
BEGIN

LOWERC I *L2:wLOWERC 15 Le 2;
LOWERC2,L2 :uLOWERC2.L+13;
LOWERCS.LI :mLOWERC3,L,12;
LOWERC4,LI -LOWER(i .L.13;
LINNNCL2 : sLINNNCL.I 2;

END;

PROCEDURE SUDS CL: INTEGER);
BEGIN

UPPERCI .L2 :=UPPERCI .L*I2;
UPPERC2,LI :-UPPERCZ.L.12;
UPPCRCS.LI :-UPPERC2.L,11;
VFPRC4,L2 :oUPPERC4 ,L.I2;
LINNOCL2 :aLINNOCL+1 2;

END;



PROCEDUkE STABLE?,
VAR L:INTEGER;

BEG IN
FLAGS: -FALSE;
IF EKINL(EKINU THEN FLAGS:-TRUE;
IF FLAGSmFALSE THEN

BEG IN

PLAGS : FALSE;
WHILE FLAG9=FALSE DO

BEGIN
I :nI+i
ABC: -PHTESTC [2;
IF (ABC(O.OOOOOOOO1) AND (ABC)-O.0OOOOOO1) THEN ABC:-O.O;
EKINL:wLOWERCI.1,]LOWERE2,12*ABC;
EtIINU: -UPPERC I ,12+UPPERC 2,12 *ABC;
IF(EMINU(=EMINL) AND (I-K) THEN FLAG7:-TRUE;
IF (FLAG7-FALSE) THEN

IF EMINL(EINU THEN FLAG9:=TRUE;
IF (FLAG7-FALSE) AND (FLAG9wFALSE) THEN
BEGIN

IF LOWERE4,13(-PHTESTEI2 THEN LINNCII:-O;
IF UPPERE4,,12(-PHTESTEI2 THEN LINNOEI2:=O;
IF LINNNE132O THEN

BEGIN
NN: -N-i;
FOR L:m1 TO NH DO SUB4(L);

END;
IF LINNOCI1mO THEN

BEGIN
H:=N-t;
FOR L:-1 TO N DO SUBS(L);

END;
END;

IF 1Im35 THEN FLAG9:uTRUE;
END;

END;
END;

PROCEDURE SUB3;
BEGIN

PHTESTCK2 :-UPPERE4. 12;
IF (I=N) AND (JJ-NN) THEN FLAG6:=TRUE;
IF FLAG6mFALSE THEN

BEGIN
IF [(N THEN I:uI+I;
IF JJ(NN THEN JJ:-JJ+I;
K: -K+I;

END;
END;

PROCEDURE STABL E6;
BEGIN

IF FLAG5=FALSE THEN
BEGIN

1:0t;
JJ : 1;
K:=-2;
PHTESTC12: -PHHIN;
FLAGS : FALSE;
WHILE FLAG6uFALSE DO

BEGIN
If UPPERE4,13(LOWERC4.JJ3 THEN
BEGIN

PHTESTCK2 :-UPPERC4. 12;
K: -K+I;

END
ELSE

IF LOWERC4.JJ2(UPPE4,13 THEN
BEGIN

PKTEST1K2 :mLOVZE4.JJ2;
K:umK+I;
JJ -JJ. 1;

END
ELSE

if UPPlRC4I1LOVERC4,JJ2 THEN SUBS;
END;

END;
END;



PROCEDURE STABLES.
BEGIN

EKINL:-LOWERCI,13+LOWERC2,13*PHMIN;
EK1NU:-UPPERECIl]+UPPERC2,13*PHKjIN;
EKAXL:-LOWER I ,NN3 +LOWER 2 ,NN3 'PH!IAX;
EIIAXU:-UPPER[1 ,N3+UPPERL2 ,N]*PHKAX;
IF (EIINL(EMINU) AND (EMAXLoEKAXU) THEN FLAG5:=TRUE;

END;

PROCEDURE SUBS;
BEG IN
LNFD(2);
WRITE(FF,'
DRAWER(5 3);
'JRITE(FF,l 1 POTENTIAL 1 PH 1 1');
WRITELN(FF.' POTENTIAL 2 1 PH 2 ILINE NO. l');
WRITE(FF,'
DRAWER(5 5);
IF NOO THEN

FOR 1:-I TO N DO
BEG IN

POTI:-UPPERC I, I]+UPPERC 2,13 'UPPCRE 3,I];
POTZ:UUPPERC 1, 13+UPPERC 2, 13 UPPERC 4,13;

RITER(POTI ,UPPERE3,1I] POT2,UPPERE4, 13 .LINNOEI3);
END

ELSE
FOR t:-I TO NK DO

BEGIN
POTI uLOWERC I,1I3.LOWERC 2,1II LOWERE 3, 13;
POT2:mLOWERCI , I+LOWERC2, 13'LOWERE4,1I]

RITER(POT , LOWERI 3.13 ,POT2 ,LOWERK 4,13, LINN 1);
END;

END;

PROCEDURE INTERIIIWRtTER;
BEG IN

IF (N=na) OR (NNuO) THEN
BEGIN

IF N-0O THEN
BEG IN

LNFD(2);
WRITELN(FF,' NO UPPER LIKITI);

END;
IF NNwO THEN
BEGIN

LNFDC 2);
WRITELN(FF.' NO LOWER LIMIT*);

END;
IF (N()O) OR (NNOO) THEN
SUBS;

IF PHMIN)-2.O THEN
BEGIN

LNFDC I);
WRITE(FF,'
WRITE(FF,'MINIKUK PH - '.PHMIN:6:Z,0 LINE NO. ');
VRITELN(FF,NUJtBICPHMIND3 :4);

END;
IF PHIIIN(=-2.O THEN

WRXTELN(FF,' MINIMUM PH a ',PHMIN:6:2);
IF PHKAK(t6.O THEN

BEGIN
WRITECFF.' MAXIMUM PH -',PHMAX:6:2);
WRITELHC*PHIIAXD= ',PHHAXD: 4);
WRITELN(FF,' LINE NO. 6,NUMBlCPHMAXD3:4);

END,
IF PHMAX)=16.O THEN
WRITELH(FF,' MAXIMUM PH - ,PHMAX:6:2);

FLAGGER: -TRUE;
END;

END;



PROCEDURE TEKP2;
BEGIN

FLAG 3:-FALSE;
NN: uNNi I;
LOWERC I NN) :-EOUATI Cl *Li);
LOWERE2,NN):wEQUATICZ,LII;
LOWERE3,NN3:-PHI;
LINNNENNI:-NUIIBICLI];
LOWERE4 NN]: -PHIIAX;
IF PASS(I THEN FLAG3:uTRUE;
IF FLAG3=FALSE THEN

BEGIN
LOWERE4I,NN] -PH2;
IF PH2)=PHIIAX THEN LOWEIIC4,NN3:=PHIAX;
IF PH2)=PHMAX THEN FLAG3:wTRUE;
IF FLAG3=FALSE THEN

BEGIN
PHI:-PH?;
EI:-EOUATIEI,L23+EQUATICZ,L23*PHi;
Li: =L2;

END;
END;

END;

PROCEDURE TEMPI;
BEGIN

FLAG I: -FALSE;
N:-N+ I;
UPPER I ,N] : EQUATI Ci,*LI);
UPPERCZ.N) :wEOUATIC2,L1);
UPPERE3 .N] s.PHI;
LINNOEN] :-NUMB1CLI3;
UPPERCI.N] : PHIAX;
IF PASS(1 THEN FLAGI:=TRUE;
IF FLAGI-FALSE THEN

BEGIN
UPPERCI,N] :-PH2;
IF piH1 PH14gX TliEN UJPPERt ,Nl : -PHIAX;
IF PH2)-PHIIAX THEN FLAGI:-TRUE;
IF FLAGI=FALSE THEN

BEGIN
PHI -PH?;

END;
END;

END;

PROCEDURE LOWBNDLNS;
BEGIN

FOR I:uI TO It DO

IF(LNEIZ,1THE ND(TPCI= HE

BEGIN

IF EZSSEI THEN
BEGIN

El~l: K

END;
END;

END;N

END;;



PROCEDURE INTPTSLO;
BEGIN

PASS: -0.
FOR 1:-l TO 11 DO

BEG IN
IF (LINEICZ,13uJ)' AND (LTYPEICINZ2) AND

(EQUATIC?, I])EQUATIC2.LlI) THEN
BEGIN
PASS:=PASS+I;
IF PASS (- I THEN
BEGIN

PH?: -EQUATI C *LI] -EQUATi CII3;
PHZ:-PH?/(EQUATICZ,I]-EQUATIE2,LlI);

END
ELSE

BEGIN
INTERC: -EQUATi I,Li 2-EQUATI ,13;
INTERC:=INTERCI(EQUATiE?.I3-EQUATiE?,LI]);
IF (INTERC(=PHZ) AND (INTERC)-PHi) THEN

BEGIN

PH? : =INTERC
END;

END;

EN;END;
TEMP2;

END;

PROCEDURE INTPTSHI;
BEGIN

PASS: =0;
FOR 1:=t TO It DO

IF (LINEliEII=J) AND (LTYPEICI3uZ) THEN
IF EQUATIC2,1J(EQUATIE?,LI] THEN

BEGIN
PASS: .PASS+I;
If PASS(al THEN
BEG IN

PH? : EGUATliCi,Li] -EQlUATICi , I];
PH?: -PH? I(EQUATIEC ,1] -EQUATIEC?,Li]);
L2:mlI

ENDE
ENDS
BEGIN

INTERC: -EQUATICl, LI 3-EQUATI C I1;
INTERC:mIHTERCICEQUATIE?,13-EQUATIC2.LII);
IF INTERC(wPH2 THEN
BEG IN

L : -I;
PH? :=INTERC;

END;
END;

END;
TEMP I;

END;

PROCEDURE UPBNDLNS;
BEGIN

PASS: -0;
FOR 1:ui TO 11 DO

IFCLINElCl.I]=J) AND (LTYPCI2-2) THEN
BEGIN

PASS: -PASS+l;
IF PASS-I THEN

BEG IN
El :-EOUATICI, I]+EOUATIC?, Z]'PHi;
Li:-I;

END
EL SE

BEGIN
E2 :-EGUATICl, I3..EGUATI l * I] PHI;
IF E2(mEl THEN

BEGIN
El: -E2;
Li -I;

END;
END;

END;
END;



PROCEDURE STABLE4,
BEGIN

PHHAX: =16 0,
PHMAXD: -0;
FOR 1:nl TO 11 DO

IF LINE1IIJ1-J THEN
IF LTYPElEI3-1 THEN
IF EQUATICII](PHIAX THEN

BEGIN
PHMAX: -EQIUATi lI13
PHISAXO: 1;

END;
END;

PROCEDURE STABLE3;
BEGIN

PHMIN: --2.0;
PHKIND: -0;
FOR 1:-l TO 11 DO

IF (LINEIE2,r3=J) THEN
IF (LTYPEICIJ-1) THEN

IF (EQUATICI,13)PHMIN) THEN
BEGIN

PHMIN:=EQUATICI .13;
PHIIIND:-!;

END;
END;

PROCEDURE STABLE 2;
BEGIN

11 : -I11+1;
LIN9El,I12:wLINEClI3;
LIME1E2,I11:-LINEC2, 12;
LTYPEICIlJ :=LTYPEEI3;
EQUATI C I,III: -EGUAT I ,1I ;
EQUATI (2,113: uEQUATE2, I3;
NUMBl113:= -I;

END;

PROCEDURE START;
BEG IN

INDEX:wl;
JINDEX:-0;

END;

PROCEDURE SETFLAGS;
BEGIN

FLAGGER: -FALSE;
FLAG I -FALSE; FLAG3 : FALSE;
FLAG4:-FALSE; FLAG5:mFALSE;
FLAG6:-FALSE; FLAG?:-FALSE;
FLAGS:-FALSE; FLAG9:-FALSE;
FLAG 10: FALSE;

END;



PROCEDURE STABLE I;
BEGIN
START;
FOR J:.I TO NP DO
BEGIN

SETFLAGS ;
IF (IONDIGOI) OR (AKCJ301.O) THEN
BEGIN

JINDEX:-JINDEXeI;
N:0-0;
NN: -0.

IF JINDEXmINDEX THEN WRITELN(CHR(I2));
IF JINDEXuINDEX THEN INDEX:-INDEX+5;
LNFD(4);

VRITE(FF,.'* AREA OF PREDOMINANCE FOR: )
FOR HH:mI TO IS DO WRITE(FF,SPCJ.HH3);
WRITE(FF,l *);
IF IONDIGIl THEN WRITE(FF,4 DISSOLVED SPECIES DIAGRAM');
LNFD( I);

FOR 1:mI TO MI DO
IF (LINECI,I3-J) OR (LIHE[2I13uJ) THEN

IF CIONDIGOI) OR (IONLINCI3=I) THEN
STABLE 2;

STABLE3;
IF PHYIIN(16 THEN
BEG IN

STABLE 4;
IF PHYIAX)- PHMIN THEN

BEGIN
PHI :-PHIM;
PH : -PHMAX;
UPBNDLNS;
IF PASS-0 THEN FLAGI:wTRUE;
IF FLAGI-FALSE THEN

BEGIN
IF PASS-I THEN TEMPI;
WHILE FLAGI=FALSE DO INTPTSHI;

END;
PHI : PHMIN;
PHI:uPHMAX;
PASS: -0;
LOWBNDLNS;
IF PASS-0 THEN FLAG3:-TRUE;
IF FLAG3-FALSE THEN
BEGIN

IF PASS-i THEN TEMP2;
WHILE FLAC3=FALSE DO XNTPTSLO;

END;
INTER IMWRITER;

BEGIN

STABLES;
STABLEd;
IF FLAGS-FALSE THEN STABLE?;IF CFLAG?7FALSE) AND (FLAGS-FALSE) THEN STABLES;IF CFLAG?-FALSE) AND (FLAGS-FALSE) THEN STABLE?;IF FLAG7mFALSE THEN STABLEIO;IF FLAG?-FALSE .NSTABLEII;

END;

IF FLAGGERwFALSE THEN
BEGIN

WRITE(FF,' NO AREA OF PREDOMINANCE');

END;
END;

LNFD(4);
END;

BEG IN
END.



S S S+*

UNIT INDATA; INTRINSIC CODE 18 DATA 19;

INTERFACE

USES CONVERT;

TYPE
AON=ARRAYCI. .15,1. .153 OF CHAR;
ASP=ARRAYEI. .35,1..153 OF CHAR;
AOIOwARRAYEI. .103 OF REAL;
AINTIO=ARRAYCI. .103 OF INTEGER;
A35-ARRAYE1. .353 OF REAL;
AI33-ARRAYCI. .353 OF INTEGER;
K10X35=ARRAYCI. .103 OF A135;

VAR
NAME :AON;
SP :ASP;
T :REAL;
FEHZO :REAL;
1LION :INTEGER;
FION :AO1o;
AION :AOIO;
ZION :AINTIO;
BION :AINTIO;
OXY :AINTIO;
HYD :AINTIO;
NP :INTEGER;
AM,F :A35;
Z :A135;
METAL :A135;
OXYGEN:A135;
HYDRO :A135;
ION :KIOX3S;
FFF :TEXT;

PROCEDURE GETNONMET;
PROCEDURE GETMET;
PROCEDURE DATAINPUT;
PROCEDURE METAL INPUT;
PROCEDURE DATACORRECT;
PROCEDURE RONSOUTI;
PROCEDURE IONSOUT2;
PROCEDURE NONMETALDISPLAY;
PROCEDURE DISIMET;
PROCEDURE METALDI SPLAY;
PROCEDURE LF(COQ: INTEGER);
PROCEDURE INCHAR;
PROCEDURE INREAL;

IMPLEMENTATION
VAR I:INTEGER;

Q.K: INTEGER;
L: INTEGER;

KK,J: INTEGER;
K: INTEGER;

HH: INTEGER;
KYX: INTEGER;

PROCEDURE LF;
BEG IN

FOR L:mI TO GO DO WRITELN;
END;

PROCEDURE DRAW(O0: INTEGER);
BEGIN

FOR L:-1 TO 00 DO WRITE(FF,'-);
WRITELN(FFF);

END;



PROCEDURE INCHAR;
BEGIN

FOR HH:s1 TO 3 DO CH3EHH3:. ;
141: - I
WHILE (NOT EOLN) AND (141(4) DO

BEGIN
READ(C143CHH]);
IF C143EH141CHR(S) THEN

BEGIN
WRITE(CHR(B));
141: uHH-2;

END;
141: .141+1

END;
READLN;
CHARTOINT;

END;

PROCEDURE INREAL;
BEGIN

FOR HH1:mI TO 11 DO CHIIC14Ifl
HH1:-I;
WHILE (NOT EOLN) AND (141(12) DO

BEGIN
READ(CHIIC1HHJ);
IF CHIICH42C1R(S) THEN

BEGIN
WRITE(CHR(S));
141: -141-2;

END;
141:=H1414.

END;
READLN;
CHARTORE AL;

END;

PROCEDURE GETNONMET;
BEGIN

HH1:-I;
WHILE NOT EOLN DO

BEG IN
READ(NAMECK,H42);
IF NAMEEK.1HI-CHR(B) THEN

BEGIN
WRITE(CHR(g));
141: .141-2;

END;
HH:-HH.1;

END.
READLN;

END;

PROCEDURE GETHET;
BEGIN

141: - ;
WHILE NOT EOLN DO

BEGIN
READ(SPCI.1414);
If SP1M.HH14wC1R(S) THEN

BEGIN
WRITE(CHR(S));
141: -141-2;

END;
H:mHH1.;

END;
READLN;

END;



PROCEDURE DATAINPUT;
BEGIN
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(t);WRITE(' ENTER TEMPERATURE (IN DEGREES KELVIN): );INREAL;

END;

T:-RNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(l);WRITE(' ENTER GIBBS FREE ENERGY OF FORMATION*);
LF(t);WRITE(' OF WATER AT ',T:4:2,' DECREES (CALSIMOLE): 1);
INREAL;

END;
FEH20:-RNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE DO
BEGIN
LF(1);WRITE(' ENTER THE NUMBER OF NON-METALLIC SPECIES: ');
INCHAR;

END;
NION:-NUMBER;
IF NION () 0 THEN

BEGIN
FOR 1:- TO NION DO

BEGIN
K:-I+2;
LF(l);WRITE(' NAME OF NON-METALLIC SPECIE B ,I:2,: ");
GETNONMET;
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(1);WRITE(* FREE ENERGY OF FORMATION: 1);
INREAL;

END;
FIONCI :uRNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE 00

BEGIN
LF(I);WRITE(' IONIC ACTIVITY: 1);
INREAL;

END;
AIONC I]:RNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(1);WRITE(' ELECTRICAL CHARGE: ');
INCHAR;

END;
ZIONCII:-NUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE 00

BEGIN
LF(t);WRITE( NUMBER OF CHARACTERISTIC ATOMS: );
INCHAR;

END;
BIONCt:uNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE 00

BEGIN
LF(t);WRITE(' NUMBER OF OXYGEN ATOMS: ');
INCHAR;

END;
OXYCI2:aNUqER;
ERROR:=TRU";
WHILE ERROR-TRUE DO

BEGIN
LF(1);WRITE( NUMBER OF HYDROGEN ATOMS: ');
INCHAR;

END;
HYDII:-NUMBER;
LF(I);
WRITELN(CHR(12));

END;
END;

END;



PROCEDURE METALINPUT;
BEGIN
WRITELN(CHR(12));
ERROR:=TRUE;
WHILE ERRORmTRUE DO

BEGIN
LF(1);WRITE(' ENTER NUMBER OF METALLIC SPECIES: ,);
INCHAR;

END;
NP:=NUMBER;
FOR M:=I TO NP DO

BEGIN
LF(t);WRITE(' NAME OF METALLIC SPECIE 0 ',M:2,*: ');
GETMET;
ERROR:-TRUE;
WHILE ERRORwTRUE DO

BEGIN
LF(l);WRITE(' FREE ENERGY OF FORMATION: );INREAL;

END;
FEMI:-RNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);WRITE( °  

IONIC ACTIVITY: );
INREAL;

END;
A(MII:-RNUMBER;
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);WRITE(' ELECTRICAL CHARGE: );
INCHAR;

END;
ZM] :-NUMBER;
ERROR:wTRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);WRITE( °  

NUMBER OF METAL ATOMS: );
INCHAR;

END;
METALCMI:-NUMBER;
ERROR:-TRUE;
WHILE ERRORsTRUE DO

BEGIN
LF(I);WRITE(' NUMBER OF OXYGEN ATOMS: 6);
INCHAR;

END;
OXYGENCMI :NUMBER;
ERROR:mTRUE;
WHILE ERROR.TRUE DO

BEGIN
LF(I);WRITE(l NUMBER OF HYDROGEN ATOMS: 1);
INCHAR;

END;
HYDROEMI:-NUMBER;
IF NION ) 0 THEN

BEGIN
FOR l:-I TO NION DO

BEGIN
ERROR:-TRUE;
WHILE ERRORnTRUE DO

BEGIN
LF(I);
WRITELN( ° 

ENTER NUMBER OF CHARACTERISTIC ATOMS');
WRITE(* FOR IONIC SPECIES 0 1.I:2,': );
INCHAR;

END;
IONCIMI]:-NUMBER;

END;
END

ELSE IONCI,MI:w0;
LF(l);
WRIT LN(CHR(12));

END;
END;



PROCEDURE IONSOUTI;
BEG IN

'JRITE(FF. .I2 I)
FOR HH1:-I TO 8 DO WRITE(FFF,NAMECI,2,H42);
WRITE(FFF,. I ,FIONCII :10:1,' !,);
WRITELN(FFFAIONCII:2:6. 1 ',ZION[13:4, 1)

END;

PROCEDURE IONSOUT.;
BEG IN
VRITE(FFF,' .I:2.o i 1BIONEI]:3, I)
WRITELN(rFF,' .OXYCI3:2' 1 'oHYDE13:2,' l)

END;

PROCEDURE NONMETALDISPLAY;
BEGIN
WRITELN( CHR( 12));
WRITELN(FFF);

WRITELN(FFF,'* TEMPERATURE - ':29,T:5:2,' *l);

'WRITELN(FFF);
IF NION=0 THEN

BEGIN
WRITELN(FFF) ;WRITELN(FFF);
WRtTECFFF,'*** NO NON-MET&LLIC IONIC SPECIES 1);
WRITECFFF,'ARE CONSIDERED *)
NION:-1;

END
ELSE

BEGIN
WRITELN(FFF);
DRAW(5 3);
WRITE(FFFI ION 1 IONIC 1 FREE ENERGY )
WRITELNCFFF,'I IONIC i I');
WRITE(FFF,'NUMBER I SPECIES I OF FORMATION 0);
WRITELN(FFFDI ACTIVITY I CHARGE I');
DRAW( 53);
FOR I:ut TO HIO14 DO

-IONSOUT1;
FOR 1:-I TO 3 DO WRITELN(FFF);
DRAWC 45);
WRITELN(FFF,. 10,.1 I CHARACTERISTIC I OXYGEN t HYDROGEN I');
WRITELNCFFF,.NUMBER I ATOMS I ATOMlS I ATOMS 16);
DRAW(45);
FOR 1:-I TO NION DO

IONSOUT2;
END;

END;

PROCEDURE DISIMET;
BEGIN
WRITE(FFF.' 0);

FOR HH:.1 TO 15 DO WRITECFFFSPI,H42);
WRITE(FFF,'I .MKETALCI2:2,. I '.OXYGENCI12Z);
WRITE(fFF.- I '.HYDROCII:2,' 11);
WRITELNCFFF);

END;

PROCEDURE DISIMET;
BEGIN
WRITECFFF,l 1);
FOR HH1:-I TO t5 DO VRITECFFFoSPI,HH3);
WRITE(FFFD *1I );
IF Got THEN

FOR J:mt TO 5 DO
IF J(wNION THEN
WRITECFFF,* 'o* ONCJ. 12:2.6 I6);

If G=2 THEN
FOR J:ud TO 10 DO

IF J(.NION THEN
WRITECFFF.' ',IOHEJ,13:2.1P)

If 0.2 THEN
FOR J:mtt TO 15 DO

If J(oNION THEN
WRITECFFF.l '. IONCJot12:2, * I');

If 0.4 THEN
FOR J:m16 TO 20 DO

iF J(wNION THEN
WRITICFFF., #IONCJ,12:2.' 6);

WRITELN(Frf);
END;



PROCEDURE DIS3MET;
BEG IN
WRITE(FFF,'
IF Oat1 THEN
'JRITE(FFF. * IONI I 10142 1I 1N3 1I 1N4 IIONS I');

IF 0=2 THEN
WRITE(FFF,'! 10N6 I 10N7 I IONS I ION9 ION1OI');

IF 0=3 THEN
WRITE(FFF,I! IONIII 1014121 I0N131 101N141 ION15lV);

IF 0=4 THEN
WRITE(FFF,I 101N161 101N171 IONISI ION191 ION2OV*);

'JRITELN(FFF);
DRAW(S 3).

END;

PROCEDURE METALDISPLAY;

BEG IN
WRITELN(CHR(12));
WRITELN(FFF) ;WRITELN(FFF);
DRAW(S 3);

WRITELN(FFF,' ! FREE ENERGY I SPECIESI
WRITELN(FFF,.METALLIC SPECIES I OF FORMATION I ACTIVITY I CHARGE 11);
DRAW( 53);
FOR I:-I TO NP DO

BEGIN
WRITE(FFF.')
FOR HH:ml TO 15 DO VRITECFFFSPCI,HHI);
WRITE(FFF, '1 ' ,FEI2:11:1,' 1' *AME13:2:6);
VRITELN(FFF, * I * ,ZEI3 :2,' 11);

END;
FOR 1:-i TO 3 DO WRITELN(FFF);
DRAW(46);
WRITELN(FFF,. I METAL I OXYGEN I HYDROGEN I');
WRITELN(FffIIETALLIC SPECIES I ATOMS I ATOMS I ATOMS 11);
DRAW(46);
FOR 1:-I TO NP DO DISIMET;
FOR I:-I TO 3 DO WRITELN(FFF);
L:-TRUNCCCNION-1)15.O)+I;
FOR 0:-i TO L DO

BEG IN
WRITELN(FFF);
DRAWC 53);
WRITE(FTF,' 8);
WRITELN(FFF,- I NUMBER OF CHARACTERISTIC ATOMS 11);
WRITECFFF,'METALLIC SPECIES I OF EACH IONIC SPECIES');
WRITELNCFFF,- 11);
DIS3MET;
FOR 1:-l TO NP DO DISZMET;
FOR 1:-I TO 3 DO. WRITELNCFFF);

END;
END;

PROCEDURE NMETC?;
BEGIN
WRITE(' MODIFICATION Of NUMBER OF HYDROGEN ATOMS FOR )
FOR K:-t TO 15 DO VRITE(NAMECKK,K]N;
LF(3);
VRITELN(' CURRENT VALUE IS '.HYDCI3:3);
ERROR: -TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF (I);
WRITE(' DESIRED VALUE: 1);
INCHAR;

END;
HYOCII:-NUMBER;

END;



PROCEDURE NMETC6;
BEGIN
WRITE(' MODIFICATION OF NUMBER OF OXYGEN ATOMS FOR );
FOR K:-t TO 13 DO WRITE(NAMEEKK.K]);
LF(3);
WRITELN(l CURRENT VALUE IS ',OXY[I3:3);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(1);
WRITE(' DESIRED VALUE: *);
INCHAR;

END;
OXYCI3:-NUMBER;

END;

PROCEDURE NMETCS;
BEGIN
WRITE(' MODIFICATION'OF NUMBER OF CHARACTERISTIC ATOMS');
FOR K:nt TO 15 DO WRITE(NAMEEKK,K]);
LF(3);
WRITELN(' CURRENT VALUE IS ',BIONEI3:3);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(1);
WRITE(' DESIRED VALUE: );
INCHAR;

END;
BIONI] :-NUMBER;

END;

PROCEDURE NMETC4;
BEGIN
WRITE(' MODIFICATION OF CHARGE FOR 1);
FOR K:-1 TO 15 DO WRITE(NAMECKKKI);
LF(3);
WRITELN(' CURRENT VALUE IS .oZIONEI3:4);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(* DESIRED VALUE: );
INCHAR;

END;
ZIONEII:-NUMBER;

END;

PROCEDURE NKETC3;
BEGIN
WRITE(' MODIFICATION OF IONIC ACTIVITY FOR ');
FOR K:mI TO 13 DO WRITE(NAMECKK.K3);
LF(3);
WRITELN(' CURRENT VALUE IS ',AION[I3:2:6);
ERROR:=TRUE;
WHILE ERRORwTRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: );
INREAL;

END;
AIONCII: RNUMBER;

END;

PROCEDURE NMETCZ;
BEGIN
WRITE( MODIFICATION OF FREE ENERGY FOR 1);
FOR K:=1 TO 15 DO WRITE(NAMECKKK3);
LF(3);
WRITELN(' CURRENT VALUE IS ',FIONCII:10:2);
ERROR:uTRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: 1);
INREAL;

END;
FIONCII:=RNUMBER;

END;



PROCEDURE NMETCI;
BEGIN
WRITELN(' MODIFICATION OF SPECIES NAME');
LF(2);
WRITE(' CURRENT NAME IS );
FOR K:-1 TO 15 DO WRITE(NAMECKK,KI);
LF(2);
WRITE(' DESIRED NAME: 1);
FOR K:-1 TO 15 DO NAMEIlK]:='
K:-KK;
GETNONMET;

END;

PROCEDURE NONMETCOR;
VAR FLAG2:BOOLEAN;

BEGIN
WRITELN(CHR(12));
WRITELN(' MODIFICATION OF NON-METALLIC SPECIES DATA');
ERROR:-TRUE;
WHILE ERRORwTRUE DO

BEGIN
LF(3);
WRITE(' ENTER IONIC SPECIE NUMBER: ')7
INCHAR;
IF (NUMBER(l) OR (NUMBER)NION) THEN ERROR:-TRUE;

END;
1:-NUMBER;
KK:=I+2;
REPEAT

FLAG2:-FALSE;
LF(2);
WRITELN(' PARAMETER TO BE MODIFIED -
LF(t);
WRITELN(' I - ION NAME');
WRITELN(' 2 - FREE ENERGY OF FORMATION');
WRITELN(' 3 - ACTIVITY');
WRITELN(' 4 - CHARGE');
WRITELN(' 5 - NUMBER OF CHARACTERISTIC ATOMS');
WRITELN(' 6 - NUMBER OF OXYGEN ATOMS');
WRITELN(' 7 - NUMBER OF HYDROGEN ATOMS');
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(1);
WRITE(' ENTER OPTION: ');
INCHAR;

END;
J:-NUMBER;
IF (J(1) OR (J)7) THEN FLAG2:-TRUE;

UNTIL FLAG2=FALSE;
WRITELN(CHR(12));
CASE J OF

1: NMETCI;
2: NMETC2;
3: NMETC3;
4: NKETC4;
5: NMETC5;
6: NKETC6;
7: NMETCT;

END;
END;



PROCEDURE METC8;
BEGIN
WRITE(' MODIFICATION OF ');
FOR K:-I TO 15 DO WRITE(SP[I,K]);
ERROR:-TRUE;
WHILE ERROR=TRUE DO

BEGIN
LF(3);
WRITE(* CHANGE VALUE FOR WHAT ION NUMBER?: );
INCHAR;
IF (NUMBER(I) OR (NUMBER)NION) THEN ERROR:=TRUE;
END;

K:-NUMBER;
LF(2);
WRITELN(' CURRENT VALUE IS ',IONCK,I]:2);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: );
INCHAR;

END;
ION[K,1]:-NUMBER;

END;

PROCEDURE METC7;
BEGIN
WRITE(' MODIFICATION OF NUMBER OF HYDROGEN ATOMS FOR );
FOR K:-I TO 15 DO WRITE(SPEI,K3);
LF(3);
WRITELN(' CURRENT NAME IS '.HYDRO[I3:3);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: 1);
INCHAR:

END;
HYDROCI]:-NUMBER;

END;

PROCEDURE METC6;
BEGIN
WRITE(' MODIFICATION OF NUMBER OF OXYGEN ATOMS FOR );
FOR K:-t TO 15 DO WRITE(SPEI,K3);
LF(3);
WRITELN(' CURRENT VALUE IS ',OXYGENCI3:3);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: 1);
INCHAR;

END;
OXYGENCII:-NUMBER;

END;

PROCEDURE METC5;
BEGIN
WRITE(' MODIFICATION OF NUMBER OF METAL ATOMS FOR '
FOR K:-1 TO 15 DO WRITE(SPCI,K]);
LF(3);
WRITELN(' CURRENT VALUE IS -,METALCI3:3);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: 1);
INCHAR;

END;
METAL[I:sNUNBER;

END;



PROCEDURE METC4;
BEGIN
WRITE(' MODIFICATION OF CHARGE FOR );
FOR K:aI TO 15 DO WRITE(SPCIK]);
LF(3);
WRITELN(' CURRENT VALUE IS °,ZCI]:2);
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(1);
WRITE(' DESIRED VALUE: );
INCHAR;

END;
ZCI] :NUIBER;

END;

PROCEDURE METC3;
BEGIN
WRITE(' MODIFICATION OF ACTIVITY FOR 1);
FOR K:mt TO t5 DO WRITE(SPEI,K3);
LF(3);
WRITELN(' CURRENT VALUE IS ',AM[I2:2:6);
ERROR:=TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: );
INREAL;

END;
AMCI3:wRNUMBER;

END;

PROCEDURE METC2;
BEGIN
WRITE(' MODIFICATION OF FREE ENERGY FOR );
FOR K:-i TO 15 DO WRITE(SPCIoK]);
LF(3);
WRITELN(' CURRENT VALUE IS ',F[1:10:2);
ERROR:=TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(* DESIRED VALUE: 1);
INREAL;

END;
F[13:-RNUMBER;

END;

PROCEDURE METCI;
BEGIN
WRITELN(' MODIFICATION OF SPECIE NAME');
LF(3),
WRITE(' CURRENT NAME IS );
FOR K:mI TO 15 DO WRITE(SPCI.K]);
LF(2);
WRITE(' DESIRED VALUE: ');
FOR K:=I TO 15 DO SPCI,K3:a ° ';

GETMET;
END;



PROCEDURE METCOR;
VAR FLAGI :BOOLEAN;
BEGIN

ERROR:=TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' ENTER METALLIC SPECIE NUMBER: );
INCHAR;
IF (NUMBER(t) OR (NUMBER)Nr) THEN ERROR:-TRUE;

END;
I:-NUMBER;
REPEAT

FLAGI :-FALSE;
LF(2);
WRITELN(' PARAMETER TO BE MODIFIED -');
LF(I);
WRITELN( I - SPECIES NAME');
WRITELN(' 2 - FREE LNERGY OF FORMATION');
WRITELN(' 3 - ACTIVITY');
WRITELN( 4 - CHAPGEI);
WRITELN( 5 - NUMBER OF METAL ATOMS');
WRITELN(' 6 - NUMBER OF OXYGEN ATOMS');
WRITELN( 7 - NUMBER OF HYDROGEN ATOMS');
WRITELN(* 8 - NUMBER OF CHARACTERISTIC ATOMS');
ERROR:-TRUE;
WHILE ERROR=TRUE DO

BEGIN
LF(I);
WRITE(' ENTER OPTION: );
INCHAR;

END;
J:INUMBER;
IF (J() OR (J)8) THEN FLAGI:-TRUE;

UNTIL FLAGI-FALSE;
WRITELN(CHR(12)),
CASE J OF

1: METCI;
2: METC2;
3: METC3;
4: METC4;
5: METCS;
6: METC6;
7: METC7;
8: METCS;

END;END ;

PROCEDURE TEMPCOR;
BEGIN
WRITELN(* CURRENT TEMPERATURE VALUE IS ',T:6:2,1 DEGREES KELVIN');
ERROR:-TRUE;
WHILE ERROR-TRUE DO

BEGIN
LF(I);
WRITE(' DESIRED VALUE: '
INREAL;

END;
T:uRNUMBER;

END;



PROCEDURE FECOR;
BEGIN
WRITELN(' CURRENT FREE ENERGY IS ',FEH20:8:2,' CALSIMOLE');
ERROR:-TRUE;
WHILE ERRORwTRUE DO

BEGIN
LF(1);
WRITE(' DESIRED VALUE: ');
INREAL;

END;
FEHZO:-RNUMBER;

END;

PROCEDURE DATACORRECT;
VAR OPT:CHAR;

BEGIN
WRITELN(CHR(12));

REPEAT
WRITELN(CHR(12));
LF(I);

WRITELN(' MODIFY WHICH VALUE?');
LF(I);
WRITELN(' I - TEMPERATURE');
WRITELN(' 2 - FREE ENERGY OF H20');
WRITELN(' 3 - NON-METALLIC ION DATA');
WRITELN(' 4 - METALLIC SPECIES DATA');
WRITELN(' 5 - ALL DATA IS NOW CORRECT');
LF(I);
WRITE(' ENTER OPTION: ');
READLN(OPT);
WRITELN(CHR(12));
CASE OPT OF

'1': TEMPCOR;
'2': FECOR;
'3': NONMETCOR;
'4': METCOR;
'51': OPT:w'N';

END;
LF(2);

UNTIL OPTu'N';
' END;

BEGIN

END.



USER'S GUIDE FOR THE

INTERACTIVE PH - POTENTIAL PROGRAM

This introductoru guide should be read prior to operation

of the program.



"When all else fails, push the reset button...

When the reset button fails, pull the plug..."

Eginhard Muth



INIRODUCTION

The microcomputer version of the PH POTENTIAL PROGRAM is

easy to use, even for those with little or no computer experience.

This guide explains, in simple terms, how to get started and what

the operator must do to use the program effectively.

GETTING STARTED

Getting started is easy. Simply place the diskettes in the proper

disk drives and turn on the power. The program will begin execu-

tion automatically. The following explains the process in detail.

I - Open disk drive #1. Insert the diskette labeled POURBAIX I

into disk drive #1. (For the beginner, hold the diskette

in either hand, palm up, and with your thumb on the label,

gently slide in the diskette and close the disk drive door.)

2 - Repeat step 1 for disk drive #2 and the diskette labeled

POURBAIX 2.

NOTE: For single drive systems, the program can be ex-

ecuted with only POURBAIX 1.

3 - Turn on the power for the computer. If the power was

already on turn the computer off and then on again. The

disk drives will make whirring noises as the computer pre-

pares for operation. In just a few seconds, the program

will begin execution automatically and prompt for inputs.



ENTERING THE DATA

The program sequentially prompts for the required data. Simply

type in the name or number as asked. If the computer responds

with "IMPROPER NUMBER" see Appendix I for possible causes.

Data to be Entered (R = Real, I = Integer° C = Character.)

1 - TEMPERATURE (degrees Kelvin). (R)

2 - GIBB'S FREE ENERGY OF FORMATION OF H20 AT THE TEMPER-

ATURE BEING CONSIDERED (in calories per mole). (R)

3 - NUMBER OF NON-METALLIC IONS CONSIDERED. (I)

For each non -metallic ionic species considered:

4A - NAME OF NON-METALLIC ION. (C)

4B - FREE ENERGY OF FORMATION (in calories per mole). (R)

4C - THERMODYNAMIC ACTIVITY. (R)

4D - ELECTRICAL CHARGE. (I)

4E - NUMBER OF CHARACTERISTIC ATOMS (atoms other than

oxygen or hydrogen). (I)

4F - NUMBER OF OXYGEN ATOMS IN THE IONIC SPECIES. (I)

4G - NUMBER OF HYDROGEN ATOMS IN THE IONIC SPECIES. (I)

5 - NUMBER OF METALLIC SPECIES CONSIDERED. (I)



For each metallic ,,:.ctes considered:

6A - NAME OF MEIALLIC SPECIES. (C)

6B - GIB'3S FREE ENERGY OF FORMATION (calories per mole). (R)

6C - THERMODYNAMIC ACTIVITY. (R)

6D - ELECTRICAL CHARGE. (I)

bE NUMBER OF METAL ATOMS IN THE SPECIES. (I)

6F - NUMBER OF OXYGEN ATOMS. (I)

6G - NUMBER OF HYDROGEN ATOMS. (I)

6H - NUMBER OF CHARACTERISTIC ATOMS OF IONIC SPECIES #1,

2, 3, etc. (I)

PROGRAM EXECUTION

Execution of the program begins with the last piece of data

entered. The following message will appear on the screen:

MODIFY THE DATA ? [Y/N]:

Type N if the data was entered correctly or if you want to

see the data before modification.

Typing Y will start the data modification routine. The computer

will then display the following menu:

MODIFY WHICH VALUE '

I - TEMPERATURE

2 - FREE ENERGY OF H20

3 - NON-METALLIC ION DATA

4 - METALLIC SPECIES DATA

5 - ALL DATA IS NOW CORRECT

ENTER OPi ION:



For options 1 and 2, the old values are displayed along

with a prompt for the desired value. For options 3 and 4,

the computer prompts for the parameter to be modified before

displaying the old value and awaiting input of the new value.

Once a value has been modified, the "MODIFY WHICH VALUE 7,

menu is again displayed. Option 5 will end the data modifi-

cation routine.

The computer will next prompt with:

DISPLAY TABULATED DATA ? [Y/N]:

Type N if you do not want to see the data displayed in tabular

f 01"r1.

Typing Y will start the data display routine. The computer

prompts with:

DATA DISPLAY OPTIONS

P - PRINTER

T - TERMINAL

ENTER OPTION:

The data is then displaued as specified.

APPLE NOTE: To temporarily halt execution of the program type

(CRL) S ; that is type S while depressing the CTRL key.

"his Freezes the screen display until (CTRL) S is typed a-

gain.

.*1



The computer next prompts with:

EGUATION LISTING OP1IONS

P - PRINTER

T - TERMINAL

ENTER OPTION:

The equations will be listed as specified.

The computer displays the message "EXECUTION COMPLETE .... " to
I

signal the end of the run and prompts with:

EXECUTE AGAIN ? [Y/N]:

Type N to quit.

Type Y and the computer asks:

REPEAT EXECUTION WITH SAME DATA ? (Y/N]:

Type N and the computer asks:

MODIFY CURRENT DATA SET ? (Y/N]:

Type Y to initiate the data modification routine.

Type N and the system reinitializes and prompts for new

inputs.

t I;



APVFNDIX I

REASONS FOR "IMPROPER DATA" MESSAGE

I - Entering an alphabetic character for a numeric variable.

Rety~pe the number correctly.

2 - A decimal point (. ) for an integer variable.

Retyjpe the number omitting the decimal point.

3 - A plus sign (+) For electr-ic charge.

Retyjpe the number omitting the plus sign.

Note: Negative values do require the minus sign.



PROGRAMMING NOfES

The interactive version of the PH - POTENTIAL PROGRAM is largely

a translation of the WATFIV version that makes use of UCSD -

APPLE PASCAL features. Despite the limitations imposed on the size

of procedures and the limitations imposed by the stack, the program

is designed in modules to facilitate modification and/or extensions.

The program is intended to be implementable on any microcomputer

that supports the UCSD operating system.

The current version makes extensive use of Intrinsic Units, sep-

arately compiled program segments that have been installed into

the SYSTEM.LIBRARY. These Units are swapped into active memory

only when a call is made to a procedure found in the Unit. A

brief description of each of the Units follows.

GEIVAL

This Unit converts an integer, Clj]0 into a corresponding character

array, SAVE. For example, a C[j] value of 123 is converted to the

array of values SAVE[I]='1', SAVE[2]='2". SAVEC3]='3'.

CONVERT

This Unit converts character arrays to integer or real values

through the procedures CHARTOINT and CHARTOREAL.

INDATA

This Unit contains the data entry and data modification routines.

All inputs are read as characters to prevent crashing by variable

type mismatches. Integer and real values are extracted by the CON-

VERT Unit.

SIABLE

This Unit calculates the areas of predominance for the species

being considered.



ttttNatttaatattt.att..tattt
*TEMPERATURE =296.15

ION I IONIC I FREE ENERGY ! IONIC
NUMBER ! SPECIES ! OF FORMATION ! ACTIVITY I CHARGE 1
------------------------------------- ---- ---- ------ . . .

I CL- I -31372.0 i 0.100000 1 -1
2 HS- 2880.0 i 0.100000 ! -1

ION CHARACTERISTIC ! OXYGEN ! HYDROGEN t
NUMBER ATOMS ! ATOMS ! ATOMS

1 I I i 0 ! 0
2 I 1 0 ! 1

! FREE ENERGY ! SPECIES !
METALLIC SPECIES ! OF FORMATION I ACTIVITY I CHARGE

FE 0.0 i 1.00000 i 0 i
FE304 I -242700. i 1.00000 1 0
FE203 i -177400. ! 1.00000 1 0 !
HFEO2- ! -90300.0 t 0.000001 1 -1 1
FEOH++ ! -54830.0 0.000001 I 2 1
FE(OH)Z+ i -104700. i 0.000001 1 1
FECL2(AQ) I -81590 .0 ! 0.000001I 0
FECL + ! -34400.0 I 0.000001 ! 2 1
FES(SOL) I -24000.0 i 1.00000 i 0
FES2(SOL) I -39900.0 ! 1.00000 i 0

-196820. i 0.00000i1 0

1 METAL ! OXYGEN I HYDROGEN I
METALLIC SPECIES ! ATOMS I ATOMS ! ATOMS i

FE 1 I 0 i 0
FE304 ! 3 i 4 i 0
FEZO3 2 3 0
HFEO2- ! 1 , 2 I I
FEOH++ I I I I I
FE(OH)2 ! I i 2 1 2 1
FECL2(AO) i I 1 0 1 0 I
FECL+ i I 1 0 1 0 I
FES(SOL) i 1 I 0 1 0
FES2(SOL) I t I 0 I 0 I

! I 4 I 0 I

! NUMBER OF CHARACTERISTIC ATOMS I
METALLIC SPECIES ! OF EACH IONIC SPECIES I

! ION1 1 ION2 1 ION3 I ION4 1 ION5 I

FE ! 0 I 0 I
FE304 1 0 I 0 1
FE203 ! 0 I 0
HFEO2- 1 0 1 0 1
FEOH+ ! 0 I 0 I
FE(OH)2 I 0 I 0
FECL2(AD) i 1 0
FECL i 1 I 0 1
FES(SOL) 1 0 1 1 I
FESZ(SOL) I 0 1 2 1

i 0 1 1 I



NUMBER 9 EQUILIBRIUM I BALANCED CHEMICAL EQUATION

II E= -0,0864 - 0.0592PH I3*FE + 4*HZO a
I FE304 + 8*H + SOE-

2 I E= -0.0530 - 0.0592PH ' 2*FE + 3"H20
FE203 + 6*H+ * 6*E-

3 1 E= 0 3229 - 0.0887PH 9 FE + Z*H20 -
HFEOZ- + 3*H+ + 2*E-

4 I E= -0.0914 - O.0197PH 9 FE + H20 *

FEOH++ + H+ + 3"E-

5 9 E= 0,0071 - 0.0394PH a FE + 2*H20 =
i FE(OH)2+ + 2*H+ + 3*E-

6 9 E= -0.5270 ! FE + 2*CL- .
I FECL2(AQ) + 2*E-

7 ' E= -0.1424 9 FE + CL- a
! FECL++ + 3*E-

8 E= -0.5532 - 0.0296PH I FE + HS- m
! FES(SOL) + H+ + 2*E-

I i
9 9 E= -0.4654 - 0.0296PH I FE + 2*HS- =

FESZ(SOL) + 2*H+ + 4*E-

10 E= 0.0878 - 0.0532PH I FE + 4*H20 + HS- -
+ 9*H+ + 10*E-

11 9 E= 0.2144 - 0.0592PH I 2"FE304 + H20 -
I ! 3*FE203 +2 NH + 2"E-

12 9 E= -1.3144 + 0.0296PH ! 3*HFEOZ- - 2*H20 -
I FE304 - H+ + 2*E-

13 9 E= -0.1318 + 0.2958PH ! FE304 - H20 -
! 3*FEOH+ - 5*H+ + E-

14 I E= 0.7555 + 0.1183PH I FE304 + 2*H20 -
! ! 3*FE(OH)2+ 2*H+ + E-

15 I E= 1.2353 - 0.2367PH I 3*FECL2(AQ) + 4*H20 - 6*CL-
! I FE304 + 8*H + 2*E-I !

16 I E= -0.5902 + 0.4733PH I FE304 - 4*H20 + 3*CL -

! ! 3*FECL + - 5*H + E-

17 9 E= 1.3141 - 0.1479PH I 3'FES(SOL) + 4*H20 - 3*HS- -
! ! FE304 + 5*H + 2*E -

I I
18 E- -1.2235 + 0.0296PH I FE304 - 4*H20 + 6*HS- -

i 3*FES2(SOL) - 2*H + 4*E-
9 !

19 ! E= 0.1511 - 0.0511PH 1 FE304 + S1H20 + 3*HS - =
! ! 3* + 19*H1 + 22*E-

I !
20 ' E= -0.8048 i 2*HFE02- - H20

i FE203 + 2-E-9 !
21 9 PH- 0.98 1 2*FEOH++ + H20 -

i FE203 + 4*H

22 9 PHw -3.05 I 2*FE(OH)2, - H20 a
I FE203 + 2*1.



23 IEz 0 8950 -0 1775PH I2*FECL2(AQ) *H120 -4*CL-

IFE203 +6*H+ + Z*E-

24 PH- 1,51 IZ*FECL++ + 3*H20 - Z2CL-
FE203 +6*H,

25 1 E. 0.9476 -0 1183PH I2'FES(SOL) + 32H20 - 2*HS-
FE203 + 4*H+ + 2*E-

26 E= -1 .70328 + 0 0592PH FE203 - 3*HZO + 4*HS- -
2*FES2(SOL) - 2*14, + ZE

27 1E= 0.1481 - 0-0507PH IFE203 + 5*H20 + 2*HS- .
I 2* + 12*14, + 14*E-

28 E= -0.9202 + 0.1183PH HFEO2- - H420
FEOH.. - ;*H, + E

29 IE= -0.6245 + 0.0592PH IHFEO2- =
FE(OH)2. - H, + E

30 IPH- 9.58 FECL2(AO) + 2'H20 - 2*CL- =

IHFEO2- + 3*H.

31 IE- -1.0730 + 0.1775PH IHFEO2- - 2*H20 + CL-
FECL.. - 3*H. E

32 IPH- 14.81 FES(SOL) + 2'H20 - HS- =
HFE02- +2*H.

33 IE= -1.2538 + 0.0296PH 'HFE02- - 2*H20 + 2*HS- .
FES2(SOL) - H. + 2*E-

34 E= 0.0290 -0.0444PH IHFEO2- + 2*1420 + HS-
+6*H. + B*E-

35 i PH= 5.00 IFEOH.. + H420 =
FE(OH)2. + H.

36 E- 0.7796 -0.0592PH IFECL2(AO) + H420 - 2*CL- =

FEOH.. + H. + E-

37 IPH- 2.58 IFECL.. + 1420 - CL- -

IFEOH+. + H.

38 IE- 0.8322 IFES(SOL) + 1420 - HS- -
FEOH.. + E-

3? Em -1.5874 - 0.0592P4 FEOH.. - H20 + 2*14S -
IFES2(S0L) + H. E

40 IE- 0.1646 - 0.0676P4 FEOH.* + 3*1420 + HS- -
I + 8*H. + 7*E-

41 1 Em t.0753 - 0.11831PH FECL2(AO) + 2*K20 - 2*CL- -
II FE(OH)2+ + i'll. +.
i i

42 P H=i 3.79 IFECL++ +. 2*1420 - CL- a
I FE(OH)2, + 2*14.

43 !Em 1.1279 -0.0592PH 1 FES(SOL) + 2'1H20 - HS- a
FE(OH)Z. + H+ + *

44 1 Em -1.8631 IFE(014)2. - 2*1420 + 2*HS-
FES2(SOL) + E-

45 IEm 0.1223 -0.0592PH IFE(014)2. + 2'1420 + HS- -
+ 7*14* + .

46 IEm 0.6268 FECL2(AG) -CL- .
FECL.. + E-



4 7 PH= -0 89 F E CLZ ( AU) - L"L- - I,- -

FES(SOL) * H+

48 E= -0 4039 - 0 0592PH I FECL2(AQ) - 2*CL- + 20HS- -

FES2(SOL) + 2*H+ * 2'E-

49 E= 0 2414 - 0 0666PH I FECL2(AO) + 4*H20 - Z*CL- + HS-
+ 9*H+ +. 8*E-

50 E= 0.6794 + 0.0592PH I FES(SOL) + CL- - HS-
! FECL++ - H+ + E-

51 E= -1.4346 - 0.1183PH I FECL++ - CL- + 2*HS-
* FESZ(SOL) + 2*H+ +

52 E= 0.1864 - 0.0761PH 1 FECL++ + 4*H20 - CL- + HS- -

+ 9*H+ + 7*E-

53 E= -0.3776 - 0.0296PH FES(SOL) + HS-
I FES2(SOL) + H+ + 2*E-

54 i E= 0.2480 - 0.0592PH I FES(SOL) + 4*H20 =
+ 8*H + 8'E-

55 E= 0.4566 - 0.0690PH FES2(SOL) + 4*H20 - HS- =
+ 7*H+ + 6*E-

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

* AREA OF PREDOMINANCE FOR: FE *

NO LOWER LIMIT

POTENTIAL I ! PH 1 ! POTENTIAL 2 ! PH 2 ! LINE NO.

-0.527 ! -2.00 ! -0.527 ! -0.89 i 6

-0.527 -0.89 -0.991 14.81 ! a
i -0.991 ! 14.81 I -1.097 ! 16.00 i 3
MINIMUM PH = -2.00
MAXIMUM PH . 16.00

:******A 0****R **********; **0 * ***

* AREA OF PREDOMINANCE FOR: FE304 *
R*** ***;*P***************;** AN.*E

!-POTENTIAL 1 PH 1 ! POTENTIAL 2 ! PH 2 1 LINE NO.

-0.801 I 14.30 ! -0.750 I 16.00 ! is
-0.801 ! 14.30 I -0.876 I 14.81 1 17
-0.876 I 14.81 ! -0.841 I 16.00 I 12
-0.750 I 16.00 ! -0.841 ! 16.00 i

* AREA OF PREDOMINANCE FOR: F8203 *

***A*NC R ;



NO AREA OF PREDOMINANCE

* AREA OF PREDOMINANCE FOR: HFEO2- *

POTENTIAL I ! PH 1 ! POTENTIAL 2 ! PH 2 ! LINE NO.

i -0.876 14.81 I -0.841 I 16.00 17
-0.991 I 14.81 I -1.097 I 16.00 3
-0.876 I 14.81 -0.991 14.81 32
-0.841 ! 16.00 I -1.097 16.00

* AREA OF PREDOMINANCE FOR: FEOH+ ** *******REDO**** ******************

NO AREA OF PREDOMINANCE

* AREA OF PREDOMINANCE FOR: FE(OH)2 *

NO AREA OF PREDOMINANCE

* AREA OF PREDOMINANCE FOR: FECL2(AQ) *

POTENTIAL I ! PH 1 ! POTENTIAL 2 ! PH 2 ! LINE NO.

-0.Z86 I -2.00 I -0.351 I -0.89 ! 48
-0.527 I -2.00 ! -0.527 I -0.89 6 6
-0.286 1 -2.00 I -0.527 I -2.00 !
-0.351 I -0.89 ! -0.527 i -0.89 i 47

* AREA OF PREDOMINANCE FOR: FECL++ *
.a a a,,,.,a** .a a,. a*,, a,,, a,, * a, ,, a*a, a,



NO AREA Or PREDOMINANCE

* AREA OF PREOE S(SOL *

POTENTIAL 1 ! PH 1 ! POTENTIAL 2 ! PH 2 ! LINE NO.

I -0.351 I -0.89 I -0.801 I 14.30 ! 53
-0.801 i 14.30 I -0.876 ! 14.81 ! 17
-0.527 i -0.89 -0.991 ! 14.81 ! 8
-0.351 ! -0.89 I -0.527 I -0.89 ! 47
-0.876 14.81 I -0.991 I 14.81 I 32

* AREA OF PREDOMINANCE FOR: FES (SOL)

POTENTIAL I ! PH 1 ! POTENTIAL 2 1 PH 2 ! LINE NO. !

! 0.595 I -2.00 I -0.648 I 16.00 ! 55
! -0.286 ! -2.00 I -0.351 I -0.89 ! 48

-0.351 I -0.89 ! -0.801 ! 14.30 ! 53
i -0.801 I 14.30 ! -0.750 ! 16.00 18

0.595 -2.00 i -0.285 I -2.00 
-0.648 I 16.00 I -0.750 I 16.00 

**AREA OF PREDOMINANCE FOR:
*****OF** *******************

NO UPPER LIMIT

I POTENTIAL 1 1 PH 1 1 7OTENTIAL 2 ! PH 2 1 LINE NO.

1 0.595 1 -2.00 1 0.648 I 16.00 ! 55
MINIMUM PH w -2.00
MAXIMUM PH = 16.00

* AREA OF PREDOMINANCE FOR: H4EOZ- * DISSOLVED SPECIES DIAGRAM
**********,,a..a** ****** CE**

NO LOWER LIMIT



POTENTIAL I I PH I I POTENTIAL 2 PH 2 1 LINE NO.

-0.396 ! 9.58 ! -0.681 16,00 1 34

MINIMUM PH . 9.58 LINE NO. 30
MAXIMUM PH = 16.00

* AREA OF PREDOMINANCE FOR: FEOH * DISSOLVED SPECIES DIAGRAM

NO AREA OF PREDOMINANCE

*, aa*****a.******************************
* AREA OF PREDOMINANCE FOR: FE(OH)Z. * DISSOLVED SPECIES DIAGRAM

NO AREA OF PREDOMINANCE

* AREA OF PREDOMINANCE FOR: FECL2(AQ) * DISSOLVED SPECIES DIAGRAM

NO LOWER LIMIT

POTENTIAL 1 1 PH 1 1 POTENTIAL 2 ! PH 2 ' LINE NO. !

0.375 ! -2.00 i -0.396 ! 9.58 I 49

MINIMUM PH = -2.00
MAXIMUM PH = 9.58 LINE NO. 30

AREA OF PREDOMINANCE FOR: FECL DISSOLVED SPECIES DIAGRAM

NO AREA OF PREDOMINANCE

* AREA OF PREDOMINANCE FOR: * DISSOLVED SPECIES DIAGRAM

NO UPPER LIMIT

------------------------------------------------------------------
I POTENTIAL t I PH I I POTENTIAL 2 1 PH I I LINE NO. I

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

1 0.375 1 -2.00 1 -0.396 9.58 49 1
1 -0.396 I 9.56 I -0.681 I 16.00 1 34 !
MINIMUM PH - -2.00
MAXIMUM PH a 16.00




