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ABSTRACT 

STUDY OF HIGH TEMPERATURE EQUILIBRIUM 

BY FREE ENERGY MINIMIZATION METHOD 

Gautam Ch-attopadhyay 

Master Of Science in Engineering 

Youngstown State University, 1982 

ii 

Equilibrium composition of a chemically reactive 

system can be obtained by free energy minimization method. 

The mathematical model was first developed in 1958, which 

was further developed to make it applicable to multiphase 

systems. A computer program has since been developed to 

carry out the neumerical manipulations required to obtain 

the equilibrium composition based on this mathematical 

model. 

This work consists of three parts. First, a review 

of the mathematical theory has been done. In the second 

part, the method as applied to the situation has been analyzed. 

Finally, an analysis of the computer program has been made, 

and a number of sample data sets have been run in the program 

to demonstrate the capability of the software. 

WILLIAM F. MAAG LIBRARY 
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CHAPTER 1 

Introduction 

Many industrial processes, such as primary ore re­

duction, secondary refining of metals, synthesis of organic 

compounds, and combustion of fuels, all have a common prob­

lem. Each of these processes is characterized by a multi­

component, multi-phase, chemically reactive system. The prob­

lem is to calculate the thermodynamic equilibrium composition 

of such a system. The traditional attempt at solving this 

problem involved solving a set of simultaneous equations 

associated with the chemical reactions thought to occur in 

the system. There are two shortcomings of this method which 

limits its use to very simple systems. First, it is sometimes 

difficult to predict which chemical reactions will occur. 

More importantly, however, is that the set of equations gen­

erated are usually non-linear. In a complex system contain­

ing many components and several phases, the traditional method 

of determining the equilibrium composition usually yields no 

results even when used with a computer. 

Fortunately, a totally different approach is possi­

ble to solve this problem. This method is based on the ther­

modynamic fact that the sum of the chemical potentials of 

all substances in the system must have a minimum value at 

equilibrium. The technique, first suggested by White, et 
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al, 1 involves minimizing a free-energy function subject the 

condition that mass must be conserved in the system. The 

free-energy function is the summation, over all phases, of 

the summation of the chemical potentials of the substances 

in each phase. There are two advantages to thi~ method. 

First, the final solution requires solving a set of simul­

taneous linear equations. Second, the free-energy function 

has been generalized so that it is applicable to all systems, 

regardless of the number of components and phases existing 

in the system. 

The problem with the method is how to minimize the 

complex free-energy function. White suggested two tech­

niques; namely, the method of steepest descents and -Qan-

zig' s Simplex computer routine. Both of these techniques 

have been used with great success in fuel combustion prob­

lems. These problems involve, however, only a single gaseous 

phase in equilibrium with pure condensed phases. The prob­

lem involving equilibrium between variable composition con­

densed phases has not received a great deal of attention. 

A computer program applicable to this last problem 

has been developed by Eriksson. Eriksson's work is, unfor­

tunately, not well known, and has not been widely used in 

metallurgical industry. 

1w. B. White, S. M. Johnson, and G. B. Danzig, "Chem­
ical Equilibrium in Complex Mixtures," The Journal of Chemi­
cal Physics 28, No. 5 (May 1958), pp. 751-755. 



The first objective of this work was to understand 

the numerical method that has been used and the algorithm 
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of the program that utilizes the numerical method. Secondly, 

to modify the original program to make it compatible with the 

existing computer system at Youngstown State University, and 

the final objective was to use the program for a reaction 

system which has been studied before and see if the results 

obtained from the computer agrees. 



CHAPTER II 

Optimization By Method Of 

Lagrangian Multiplier 

4 

The : numerical problem is one of optimization of a 

multivariable objective function with equality constraint 

equations. The method used is the Lagrangian Multiplier and 

steepest descent technique. 

Lagrangian Multiplier Method 

Let the objective function be 

where x. 7, are the variables and 

for k. = 1, 2, 3, .... m are the equality constraints. 

Y to be optimum, the first derivative of equation (1) must 

vanish. Therefore, 
n 

dy = r 
-<.= 1 
~ ax. = o 
cl X . -<.. 

-<.. 

for i.. = 1, 2, · 3 n. 

(1) 

(2) 

(3) 

Also, since all displacements in X; must satisfy equation (2) 

(4) n a g k. 
dg k. = r cl X . = 0 

-<.=1 cl X . -<.. 
-<.. 

for -<.. = 1 , 2' 3, n 

and k. = 1 , 2, 3, m 

d6 is now formed such that, 



m 
d6 = dy + E 

k. = 
>. k. dg k. 

1 

where "k. are m multipliers, values of which will be deter­

mined later. Equation (5) can be expanded as follows 

~i dx l + 
YI. YI. 

ag1 ag7 ag7 
A 1 ( ax 7 dx 1 + ax 2 d x 2 + • • • • ax n dx n ) + 

5 

(5) 

dx n 
) ( 6) 

Equation 6 can be rearranged as 

ag 
~ ag7 

A m 
~ dx 1 ) + .... dx + A 1 ~ + m ax YI. ... 

1 YI. n 

>. ag . 
m dx ) m c XYI. YI. 

n 
~+ 

m a g fz (7) or, dF = E ( E A k. c X, l dx. c X. ,{. 
,i_ = 1 ,{. k. = 1 ,{. 

It may be noted that Equation (5) and Equation (7) are the 

same equation written :in different form. Further, in Equation 

(5) dF = 0 as dF is composed of two parts which independently 

vanish. · 

Now, to make dF = 0 in Equation (7), . values are chosen 

for A~ fork.= 1, 2, 3 ••. m such that f!:L + ~ · ~gk. is 
r<. oX , ~ 

1 
oX, 

,<,. r<. = ,<,. 

equal to zero, for -i.. = 1, 2, ... m. It is imperative that 

since there are m constraints and n variables, n - m 



displacements can be chosen arbitrarily, therefore 

~ 
m erg k. 

+ L a X, Ak_--
,{. k. = 1 a X, 

,{. 

in Equation (7) is equal to zero for i = m+ 1, 

This yields the modified objective function 
m 

F = y + L Ak. gk. 
k. = 1 

m+2 ... n. 

where all displacements are independent with respect to F. 

Therefore, to obtain the stationary point, Equation (8) is 

optimized subject to Equation (2) and thus obtain 

aF 
ax:-

,{. 

= 0 

f o r i = 1 , 2 , . . . n. and 

6 

(9) 

(10) 

for k. = 1, 2, ... m. 

Equation (9) and Equation (10) gives a set of n.+m Equations 

from which m A >.6 ,:md n.-m x . .6 are to be evaluated, which is fa ,{. 

possible. Then substituting Ak. values, appropriate x1 .6 

can be determined. 

Method of Steepest Descent 

Equation (1) is made use of to explain the method of 

steepest descent. 

Expanding Equation (1) in Taylor's series around an 

arbitrary point Y gives 
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!" (Yt lJ.lf2 + f lX J = f ( Y J + f ' ( Y l lJ. If+ 
21 

. 

f-" r (VJ lJ.lf3 
31 

where f (x) is the value of function at x and !J.lj is the 

displacement in the variables. Now a quantity A is calculated 

from the equation 

If.+ A, (x. - If.) = 0 
..(. ..(. ..(. ..(. 

for each displacement, where x.-0 are obtained by optimizing 
..(. 

f. ( X) 

A is finally created from the expression 

where K < 1. 

Now all x.-0 are modified according to the Equation• 
..(. 

x. =If·+ A{X. - lj,) 
..(. ..(. ..(. ..(. 

This procedure ensures all x.-0 are positive valued but at the 
..(. 

same time as close to the optimum value as possible. It also 

ensures that all the displacements are unidirectional. It 

is evident at optimum point, f. (X) = f. {Y). 

WILLIAM F. MAAG LIBRARY 
YOUNGSTOWN STATE UNIVERSITY 
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CHAPTER III 

MATHEMATICAL MODEL 

Objective Function 

Free energy of a chemical system having a mixture of 

n chemical species can be ~ritten as 

where, 

n 
G ( N) = E ;. • ,. 

i..=1-<. 

N = n 1, n2, n 
n 

J . -- n. ( c .. + ln { ni../ N) ) 
,<.. -<. ,{. 

C . = G0 /RT + ln.P for 
,<.. 

P - total pressure. 
n 

N = i: n. 
• 1 -<. ,<..= 

the set of mole nos. 

gaseous mixture 

expanding Equation (11) about arbitrary point Y in Taylor 

series, 

0 { N) 

N = y 

It may be noted here, 

from 

aG{N) 
an. 

,<.. . 

2 
a G(N) 

an. Z 
,<.. 

a2 G(Nl 
ani..anf2 

= c . + ln { n . I ,\J) 
,<.. ,<.. 

= 

k 6 Olt 1.. fK ••• 

Equation (13) and Equation (14) follows that both 

(11) 

(12) 

· (13) 

(14) 



G(N) and Q(N) are convex as the second partials for both 

the functions are positive. 

The free energy for any system can now be general­

. dz 1ze as 

where 

q+1 

r 
p=2 

q+.6+1 mp 
r r 

p=q+2 J..=1 
mp 

N = I: n. • p 
i= l- p,t 

9 

(15) 

where phases are numbered consecutively, from p = 1 for gas­

eous phase, p = 2 to q +- · r for solid and liquid mixtures, 

p = q + 2 to q + .6 + 1 for invariants dividing Equation (15) 

by RT, to make the left-hand side dimensionless, we get 

the 
!_ca 

1 m 
G p 
RT= r r 

p=1 J..=1 

qf) mp 
r r 

p=2 J..=1 

q+.6+1 
+ r 

p=q+2 

m 
p 

r 
J..=1 

n p,t 

2Gunnar Eriksson and Erik 
Calculation of Equilibrium in 
Scripta 1973, 4, pp. 193-194. 

n . 
+ R.n.P + R.n [~)) + 

p 

n . 
+ R.n ( ~)) 

p 

-(16) 

Rosen, "General Eqns for 
Multiphase Systems," Chem-
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Equation 16 is the objective function which needs 

to be minimized subject to the constraint equations developed 

below. 

Constraint Equations 

The constraint equations are developed from the fact 

that the total amount of each element present in the system 

is constant. Therefore, the constraint equations can be 

expressed as follows, 

q+.t:, + 1 

!: 
p=1 

m 
p 

!: 
-<.= 1 

. b 1.0,,_ 1· = 1,2, ••. l a. ·• • n . = • u 
p-<..j p-<.. j 

(17) 

where a.p).j represents the number of atoms, ~f the jth ele­

ment in the). th substance in the p th phase. 

b. = total amount of j th element 
j 

Optimization Method 

By using the method of Lagrangian method of undeter­

mined coefficient, the following equations can be obtained 

from Equation (16) and Equation (17), 

for -<.. = 1 , 

and p = 1 

n . 
( g

0 /RT) . + i.n P + ln ( ~ l -
p-<.. p 

i. 
Z: A .a. · . • = 0 

j = 1 j p-<.. j 

2, . . . mp 

n . 
(g 0 /RT) + i.n ( ~ 

pi N 
p 

.e. 
- I: Aj··: 
j=1 

(18) 

(19) 



for ,<.. = 1 , 2, m p 

p = 2, 3, q + 1 

0 ,e_ 

(g /RT.-! -r A • a. = 0 
p,t j=1 j p,tj 

for ,<.. = 1 

p = q + 1 , q + 2, ... q + .6 +. 1 

In Equations ( 18) , ( 19) , and (20) A .. . are the Langrangian 
-j 

multipliers. Expanding Equations ( 18) , ( 19) , and (17) in 

Taylor series about an arbitrary point Y and neglecting 

terms of second and higher order, we obtain respectively, 

(go/RT) -. + ln P + ln ( yp.l l -
p,t yp 

for ,<.. = 1 , 2, ... m p 

and p = 1 

(go/RT) pi + ln ( Yp.l 
} -

yp 

,e_ X X 
E A • a. + ~ - .:.:1L. = 0 

j=1 j p.lj Yp,z y 
p 

for .l- = 1 , 2· m-I ... 
and p 2, ' 3-°;· ' ••• 

p 
= q+l 

11 

(20) 

(21) 

(22) 



1 
:m 

q + .6 + --; p 
E E a. p.i.j lj p.i. - b- + 

p = 1 .i.= 1 
j 

q + .6 + 1 
E a. X 

p = 1 p.i.j pi. 

for j = 1, z, l 

In Equations ( 21) , 
m 
. P 

Xp = t X a.n.d 
,(_ = 1 p.i. 

from Equation (11), we get 

for ,(_ = 1, 

p = 1 

where f,;1. 

for .{. = 1 , 

p = 1 

= 

Z, m 
p 

+ y . p,<_ 

Yp ;[ ((go/RTl.J..i. 

z, ... m 
p 

from Equation (22) we get 

IJ .l = 0 p,<_ 

( 2 2) , and ( 2 3) , 

m 
p 

Yp = E IJp,l 
,(_ = 1 

.. 
+ ln. P + ln. ( ~ ./Yp)) 

P"-

X . 

pi 
f .. 

p-l 
+ IJ ~ ((Xp/Yp) 

p-<... 

l 
+ E 
j=1 

A • a. . . ) 
j p,t j 

for,(_= 1, Z, 

p = z, 3, 

m 
P· 

q -f, 1 

where f ; . = !!p,t. ((go/RT) . . 
P-:l _. p,<_ · 

for ,(_ = 1 , z, 3, ... m 
p 

p = 2, 3, ... q + 1 

+ ln. (~_p;.<. /Y PJ) 

Summing Equation 24 over ,t = 1, Z, ... mp we get 

12 

(23) 

(2 4) 

(25) 

(26) 

(2 7) 



m 
p 

r 
i=1 

l 
f • = r 

p,<_ J=1 

Summing Equation (26) over i = 1, 2, ••• mp for 

13 

(2 8) 

p = 2, 3, ... q + 1 would also result in Equation (18). Sub­

stituting Equation (28) and lf in Equation (23) and re­

analizing we get, 

q+1 l q+1 . ~P. 
r r i.. , Jtpjk. + r ((Xp/Ypl - 1) r a. . • . y . + 

p= 1 R.= 1 K p= 1 i= 1 p,<.j p,<.. 

q+J., + 1 m 
p q+1 m 

-t p a. r r a. • ,X 
pi 

r p,<_j f · - If. • l + b . 
pi j 

p=q+1 i=1 
p,<_j = p=1 i= 1 p,<. 

for j = 1 , 2, • • • l 

where fpi 

and ·. Jtp j 1i 

is defined as per Equations (25) and (27) 
mp 

:-=-r -~ a.pija.pik.) lj pi 

6on J, k., = 1, 2, ... l 

Now Equations (29), (28), and (20) constitute a system of 

l + q + s + 1 equations with the same number of unknowns 

as follows: 

Unknown 

i.. . k. 

Xp/Yp-1 

No 

l 

q+1 

For i=1, and p=q+2, q+3, ... q+1.,+1 

(29) 



By solving this linear system of equations, the amount of 

pure compounds can be directly obtained. 

To obtain x .~ for p = 1, i.e. for the gas phase, p,t 

Equation (14) is used where lj~ and corresponding Xp/Vp~1 

are substituted. 

To obtain x , • ..'i for ,p = 2 . to q + 1 
p,t Equation (16) 

14 

is used where again Aj.o and corresponding Xp/Yp-1 are sub­

stituted. 

After obtaining all the x . .o, they have to be modi­p,t 

fied to satisfy the final restriction that ~ .o -- must be 
p-<. 

non-negative. 

This is accomplished by using the method of steepest 

descent. 

A quantity TT is calculated according to 

x. ; 1 n oJr. ,l = 1 , z, p,t 

p = 1, 2, •.. q + s + 1 (30) 

Now from Equation (20) TT • which is the smallest TT is 
m,tn 

used to calculate a quantity A such that A = k.TT • where m,tn 

k.<1 usually equal to 0.99. 

The ,x .6 are then modified according to · x• • -= p,t 
p,<,. 

These x . .o are now used as y .~ to obtain the next p,t p,t 

approximation. This process is continued until difference 

between ,1 -~ and x . .o · are negligible. The final x ,-6 are 
':I p,t p,t p,t . 

the desired optimum values. 
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CHAPTER IV 

PROGRAM ANALYSIS 

The computer program is composed of a main routine, 

six subroutines, and three function subprograms. The basic 

control transfer between the different subroutines and the 

main program is shown in Figure 1. 

Minimization of free energy by solving equations is 

accomplished in the subroutine GASOL, after the necessary 

data have been generated in the main routine. 

Input information can be read into the main program 

as well as subroutine HETTA, which depend on the nature of 

information available. Output is generated by both the main 

program and HETTA, which again depends on the required out­

put. 

The subroutine SPEQUA has been provided to generate 

information related to the equilibrium composition of the 

system as required by the user. The user must provide not 

only his own functions in SPEQUA, but also his own output 

formats~ 

Main Program 

The main program does very little computation work. 

Its main purposes are to read-in all the necessary informa­

tion, and to print-out the results as calculated in the sub­

routines. 



(X fTPllT 

FUNTION 
H-EAT 

SUBROUT"\NE 
HETTA 

FUNTI0N 

~ CPINT 

' 

' 

MAIN 
PROGRAM 

+ I 

FUNT\ON 

50 

,. 

\NPllT 

SUBROUTINE 
- SPE0UA 

16 

INPllT i i !\I iTOl IT 

SUBROUTINE 
•ABEP 

-

SUBROUTINE 
GASOL 

,~ 

SUBROUTINE 

X BEP-

SU B?. O ll TI NE I------' 

'--~ 
- FACTOR 

, 

Figure 1. Transfer diagram. Flow between the various 
subroutines and the main program of SOLGASMIX is shown in · 
the diagram. 
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After all information has been read, the main pro­

gram transfers control to GASOL, which does the required 

computation. 

Results are then printed out by the main program 

or HETTA as the case may be. Further I/O operation may be 

carried out by SPEQUA when necessary. 

Finally, execution of the program is terminated by 

the main program. 

The basic block · flow diagram is given in Figures 2, 

3, and 4. 

Input 

Record 1 

Input is best described by considering 18 different 

records. Each record refers to a specific portion of input 

information. 

The first line of input is a heading. It can be 

anything that identifies the input data or the output data; 

for example,- "EQUILIBRIUM COMPOSITION OF FLUE GAS". How­

ever, maximum. length of this message is 80 characters. 

Record 2 

In the second line, the total number of elements 

(L), the total number of mixtures (MP), the total number of 

invarients (MSOL), and the number of species in each mixture 

are listed. Format for this line is 4012. Maximum number 

of species that can be considered is 80, maximum number of 
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Figure 2. F!ew Diagram of Main Program. 
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elements and mixtures are 12 and 9 respectively. This im­

plies that the sum of the number of species and total num­

ber of invariants must not exceed 80. 

These restrictions can, however, be changed (increased 

or decreased) by changing the dimensions of the appropriate 

arrays in the program. 

Record 3 

Record 3 consists of more than one line. The total 

number of lines equals the number of species considered to 

be present at equilibrium. This is the sum of the number 

of species in each mixture and the number of invariants. 

The format for each line is 2AS,12F? 0. In this format, 

the first 10 characters are used to identify the species. 

For example, the species CO 2 is identified as CO 2 in Columns 

1, 2, and 3. Columns 4 through 10 remain blank. 

Columns 11 through 70 are used to input the number 

of formula units (A) of each element for the species identi­

fied in Columns 1 through 10. Five columns are reserved for 

each element. 

It is also important to choose an order in which the 

formula units of each element are listed for a species. Once 

this order is selected, it has to be followed for all species 

in the system. 

The species in different mixtures are to be listed 

in a definite sequence. The species in Mixture One is input 

first. Then comes Mixture Two and so on. For example, it 
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can not be input as 1-2-4-3-5 if there are five mixtures in 

the system considered. The order has to be 1-2-3-4-5. How­

ever, the species within a mixture can be in any order. If 

a species exists in more than one mixture, it has to be listed 

separately for each mixture. Another restriction is that 

the gas phase mixture must be Mixture No. 1. 

The invariant species are entered last after all the 

mixtures have been entered. 

This procedure is explained with the help of the 

following example. 

Consider a system which has the following combina­

tion of species and phases: 

GAS 

SLAG 

MATTE 

INVARIENTS 

Oz 
Si0 2 

FeO 

Fe 

sz 
FeS 

s 

Si 

This system has six elements (S, N, 0, Fe, Cu, and Si), three 

mixtures (gas, slag, and matte), and four invariants (Cu, Cu2s, 

Fe, and Si). The mixtures 1, 2, and 3 contain 4, 4, and 4 

species respectively. The order of elements can be as 

follows: 

1. s 

2. N 

3. 0. 

4. Fe 

5. Cu 

6. Si 
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Input is shown in Figure 5. 

Record 4 

Record 4 has a format 4012. The species number 

which is considered to be the reference state for each ele­

ment is input here (IEL). The order of the elements is the 

same as listed in Record 3. The species number is calcu­

lated from the third record, No. 1 being the first species 

in the record. 

In the example of Figure S, reference state for the 

first element, which is S, is species No. 4; for Nit is No. 2 

and so on. So the input record for Record 4 would look 

as follows: 

h4b2b3.151316* 

Number 10 could be used rather than 12 as the reference 

state of Cu. 

These reference states are also important in the 

output. For example, if there were 10 moles of Sin the 

system, the program will print O.SOOOEOi under X/Mole, 

against species s2 . But if we chose species No. 12 as the 

reference for S, the print-out against s2 would be 0.0000E00 

but against Sit would print 0.1000E02. 

Records 

Record 5 is a number which acts as a switch in the 

*b = blank in column. 
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flow of the program. The name of the variable is KVAL, which 

acts as the switch. There are three possibilities. 

1. KVAL = 1. 

In this case no heat calculation is done and 

values of Gibbs Function are given as thermo­

dynamic data. 

2. KVAL = 2. 

In this case as well, no heat calculation is 

done and Gibbs function is not given directly 

as thermodynamic data. Instead ~G is calcu­

lated from formation enthalpy, entropy, and 

heat capacity which are the thermodynamic 

data input to the program. 

3. KVAL = 3. 

The input in this case is the same as in KVAL = 2 

except that heat calculations are also performed. 

It, therefore, becomes necessary in this case to 

input the amount of reactant species and their 

temperature which are done in Records 11 and 12 

respectively. 

KVAL is input as a negative number when molar volume has to 

be considered for calculating the chemical potential of the 

invariants. However, this capability of the program was not 

investigated in this work. 

Record 5 is therefore simply a number input in Column 

2 Which is 1, 2, 3 or . Again, the input format is 40I2. 
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Record 6 

Record 6 is where the molar volumes for invariants 

are input, and is not discussed. 

Record 7 

This input . is made if KVAL is equal to 1. 

The input in this record is used to calculate the 

free energy of a species from the expression 

G = A/T+B+CT+DT 2+ET 3+FT 4+GT 5+HALOG(T) 

where A,B,C,D,E,F,G, and Hare the thermodynamic coefficients 

and T is the reaction temperature. 

In the first line of this record the total number 

of co-efficients (MGT) that are used is input and then a 

number for each co-efficient is input (IGT). 

For example, if co-efficients A, B, D, and Fare 

used, then the input will be 

b4blb2b4b6 

If only co-efficient Bis used the input will be 

blb2 

Format for this record is 4012. 

Record 8 

In this record values for the co-efficients in the 

free energy function for each species (GE) are input, one 

line for each species, and the order of species is the same 

as that in Record 3. 

Format for this input is 8EI0.0. 
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Records 7 and 8 are skipped if KVAL = 2 or 3. 

Record 9 

Reaction temperature is input in this record, which 

has the format 8EI0.0. 

Records 10 through 12 are needed when KVAL = 3. 

Only Record 10 is input when KVAL = 2. 

Record 10 

Record 10 supplies formation enthalpy at 298°K, entropy 

at 298°K, the specific heat expressions, heat of fusion and 

heat of vaporization for each species in the order of species. 

More than one specific heat expression becomes necessary 

when phase transformation takes place between 298°K and the 

reaction temperature. The input format can be followed from 

the input guide given in Appendix A. 

Records 11 and 12 are needed when an enthalpy cal­

culation has to be done. 

Record 11 

This input record consists of one line which has the 

format 40I2. Total number of species in the raw material 

(MIN) and then the species number for each of these species 

(IIN) listed in the sequence of Record 3 are input. 

B._ecord 12 

This supplies the temperature of the raw material 

(TO) in °Kand the format for this input is 8EI0.0. 
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Record 13 will not be discussed for the reason given 

for not explaining Record 6. 

Record 14 

Record 14 is another switch similar to KVAL intro­

duced in Record 5. 

The purpose of this variable called KVAL 1 is to 

facilitate the user to change a part of the input informa­

tion after the equilibrium composition has been attained 

without disturbing the rest of the information, and then 

calculate a new equilibrium composition. For the first 

run .KVALl is either 1 or 2. If it is 1, the computer 

generates the initial values for the equilibrium composi­

tion, and if it is 2, the initial values are read in as per 

Record 18. 

For example, if one has to recalculate the equi­

librium composition at a different temperature, 6 is input 

in Record 14, and the control goes to 'Read Record 9' mode, 

where new temperature is input. After the computation is 

complete, the control returns to 'Read Record 14' mode again. 

If at this time no new computation is required, 10 is entered 

for KVAL 1 and this causes execution to stop. 

The program flow is shown in Figure 3. 

In each computation cycle up to 25 sets of equilib­

rium compositions can be calculated based on variation in the 

raw material input amounts, or the amount of each element 

Present in the system. 



Record 15 

This record supplies the number of sets of compu­

tations (NPKT) that have to be done in a cycle. 

Record 16 

This record is an index (KH) which indicates how 
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the amount of each raw material or element present in the 

system varies from one computation to another. Index (KH) 

for each of the elements or the raw materials are input sep­

arately in one line in the sequence already established 

before. The index works as follows: 

1. Variation is irregular from group to 

group. 

2. No variation. 

3. Varies by a constant increment. 

Format for this input is 40I2. 

Record 17 

17A is used when KH = 1. In this case the amount 

of an element or raw material species is input one after 

another for each group, according to the format 8EIO.O. 

Again the species or the elements are input in the sequence 

established before. 

When KH = 3, which implies the variation is regular, 

the amount need not be entered separately for each group. 

The initial amount and the constant increment (STEPX) is 

sufficient. This is done as per Record 17C. 
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Record 17B is used when KH = 2, or when the amount 

remains constant between groups. 

Format for Record 17B and 17C is also 8EIO.O. 

Record 18 

Record 18 is used when the initial estimate is sup­

plied by the user, which is the situation when KVAL = 1. 

Computation 

As mentioned earlier, very little computation is 

carried out in the main program. 

The major computation done in the main program is 

evaluating the quantity (g0 /RT)pi in Equation 16 for all 

species. 

g0 is calculated either from the information input 

in Records 7, 8, and 9 from the expression 

or from information input in Records 9 and 10 from the 

expression 

(31) 

(32) 

However, in this case ~His computed in function 

subprogram HEAT and ~Sis calculated in function subprogram 

so. Both these subprograms again use function subprogram 

CPINT to obtain the Cp/T integral. 



The main program then calls the subroutine GASOL, 

which does most of the computation. 

Output 

The first line of output is the heading as input 

in Record 1. 

The species and the corresponding formula unit 

are then printed. 

The free energy co-efficients are printed in the 

species order when KVAL = 1. But if KVAL = 2 or 3, the 

co-efficients for the Cp expressions for each species is 

printed instead in the species order. 

Standard heat of formation and entropy for each 

species are then printed using one line for each species. 

Heat of fusion and heat of vaporization are also included 

when phase transformation takes place. 

The reaction temperature and total pressure are 

then printed. 
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The contents of the following columns can be iden­

tified from the respective headings. 

Initial amount of species are printed under X/MOLE. 

Equilibrium composition (Y/MOLE) are listed in the next 

column. In the third column for gas phase species, partial 

pressure (P/ATM) and mole fraction for species in the con­

densed mixture (MOLE FRACTION) are printed. For invariants · 

this column remains blank. In the last column activity 

(ACTIVITY) for all species are printed. 
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Subroutine GASOL 

Most of the computation is done in this subroutine. 

The subroutine is written in a manner such that final compo­

sition is reached within the shortest time possible. To do 

that, during the iteration process, when amount of a species 

become less than 10- 10 , it is made equal to zero. When all 

the species in a mixture become zero, that mixture is dropped 

all together. 

However, when iteration is complete, following checks 

are necessary. 

Note, free energy of the system can in addition to 

Equation 16 be expressed by 
l 

G/RT = E :\ .b . 
j = 1 j j 

Equation 33 is obtained by substituting Equations 18, 19, 

and 20 in Equation 16. Now comparing Equation 33 and 19, 

(33) 

we can say for any mixture which was not included in pre­

vious phase continuation, if the sum of the mole fractions 

for that mixture is greater than 1, has to be included. 3 

For invariants , 

non-included species if 

8;CCording 
0 

(g /RT) . 
p,t 

to Equation 20, for any 
l 

is 1 es s th an E :\ . A : • 
. _ j "'= p,tj 
j-7 4 

the species must be included in the phase combination. 

3Gunnar Eriksson, "SOLGASMIX, A Computer Program for 
gh1c1;1lation of Equilibrium Compositions in Multiphase Systems," 
_em1ca Scripta 1975, 8, pp. 100-103. 

C 4Gunnar Eriksson, "SOLGAS, A Computer Program for 
11ic1:11ating the Composition and Heat Condition of an Equi-
pp rium Mixture," Acta Chemica Scandinavica 1971, 25, 

· 2651-2658. 
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When these conditions arise, for non-included mix­

tures, the one which has the highest sum of mole fractions 

is considered in the next iteration. 

If none of the above conditions arise, the equi­

librium composition has been obtained. 

Computation Steps 

From the input information the total number of phase 

combinations that are possible is calculated, and each com­

bination is assigned a number. 

The same thing is done for the invariants . 

A phase combination is then chosen which has not 

been considered before. 

f . is calculated as per Equation 24 for p • 1 p,<.. 

andasperEquation27 for p= 2, 3, . ••. q + 

is calculated as per 
m 

= r;P [a. . • a. .k.) y . 601t J, k. . = 1, 2, .. • l 
i=1 p,tj p,t p,t 

A linear system of equations as per Equations 29, 

28, and 30 is set up 

It may be noted here that since during computation 

procedure the constraint conditions must be satisfied at all 

times, initial estimate of the species must be carefully 

chosen so that they satisfy Equation 17. 

However, this condition can be avoided by using a 

correction factor C in Equation 17 such that 



q+.6+1 
E 

p=1 

m 
p 

Ea. •• -b.=C. 
,i.=1 pA..j j j 
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1, 2, •.• .l 

Substituting this in Equation 29, the objective function is 

modified as 

q+1 .l q+1 m 
((X /Y )-7) Ep E E X k. It.. .k.+ E a. p,lj IJp,i_ p=1 k. = 1 ·Pl p=1 p p i=1 

q+1 m . p 
= E E a. ( f - • {/ J C. 001r.. j = 1 , 2, ... l · 

p=1 ,i.=1 pA..g ·p,<. p,<. j 

Now initial estimate need not satisfy constraint equations. 

The system is solved by Gaussian elimination method. 

The next step is to check if any non-included mix­

ture would lower the free energy of the system. To do that 

hypothetical mole-fraction for the species of a non-included 

mixture is calculated as follows. 

Activity of a species can be written as 
.l 

.lnA . = - (g 0 /RT) . + EX. a. •. 
p,<. p,<. j=1 j . pA..j 

and mole fraction 

(34) 

x . = A . • / f . • where f • = activity co-efficient p,<. p,<. p,<. p,<. 
for species ,l of pth phase . 

. m .p 
if E ·x . > 1, the mixture has to be considered. 

,{,= 1 p,<. 
Now 

If the condition exists for a number of mixtures, the phase 

for which the quantity is maximum is included in the next 

iteration cycle. A new set of x . .6 are again calculated and 
j 

the same check is made. The process is continued until the 
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satisfactory mixture combination is obtained. 

The non-included invariants are then checked to see 

if inclusion of any of those would reduce the free energy. 
0 

This is accomplished by checking if (g /RT) • is less than p,t 

.t 
E \ a .. for that particular invariant. If the condition 

j
. p,tj J=1 

exists, the process of calculating a new set of \jA is 

restarted. 

The calculated amounts are then checked for negative 

amounts. If negative amounts exist, the method of steepest 

descent is used to make them all positive. 

After this, if the amount of any species appears to 

be less than )E-10, it is removed and the amounts thus 

arrived at are used as the starting estimate for the next 

cycle of calculation. 

The computation is complete when subsequent iteration 

does not produce significant change in \ . values. The equi-
J 

librium composition has been obtained. 

Subroutine ABER 

This is a short subroutine, which calculates activity 

A.pi.. from the expression 

A.=x..f. p,t p,t p,t .. 

Where fpJ.. is the a.ctivity co-efficients, fpi. is 

assumed to be unity if not otherwise specified. When f"pl is 

not unity a suitable f • expression is introduced in the p,t 
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subroutine FACTOR by the user, which is called by ABER when 

calculating Api· 

Subroutine ABER is called by GASOL whenever necessary. 

Subroutine XBER 

The main purpose of this subroutine is to check if 

a non-included mixture would lower the free energy . To do 

that it first calculates the hypothetical activity from 

Equation 34. Then evaluate X -~ from which it can be 
m p~ 

p ' 
checked if r x . >l. 

i= 1 p~ 

Here again, Factor is called if activity co-efficients 

are not unity. 

Subroutine FACTOR 

As explained, this subroutine calculates fpi from 

user-supplied expressions, where fpi are the activity co­

efficients. 

Subroutine SPEQUA 

This is a user's subroutine, which can perform calcu­

lations discernible from the equilibrium composition already 

compiled. 

The whole program has been included in Appendix B 

as produced from an actual computer printout. 

The program is stored on YSU System as RUN OSJOB. 

Another copy is stored as TEST OSJOB. The original program 

as procured is also preserved as SOLGAS OSJOB. 
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CHAPTER V 

PROGRAM EXECUTION 

Program Modification 

A program was obtained on a tape which was directly 

loaded on the YSU computer system. Even though it was a 

form of FORTRAN, the software was not suitable for execu­

tion on the YSU system. The following modification had to 

be made. 

Variables 

All variables were changed to DOUBLE PRECISION type. 

This was accomplished by declaring this at the beginning of 

each routine. 

The argument type for the built-in subprograms was ; 

then changed. For example, ALOG had to be changed to DLOG. 

This was done by trying to execute the program with 

a sample input, and whereever an ERROR MESSAGE appeared, 

the change was made. 

However, it must be mentioned here that since all 

the capabilities of the program were not investigated, which 

means all the statements were not executed, there still may 

be a few arguments which are not correct. These can be 

corrected during further investigation, and is a very minor 

and easily correctable situation. 



DO LOOP Parameters 

YSU System does not accept any DO LOOP parameters 

except simple integers. Therefore, · wherever other types 

of DO LOOP parameter were encountered,they were changed. 

For example, 

DO M(I), N (K) 

was changed to 

MI= M (I) 

NK = N (K) 

DO MI, NK 

Statement Number Sequence 
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The statement numbers appearing in Columns 1 through 

5 in the original program were not sequential. This posed a 
- . 

serious problem in following the program, since too many 

GO TO statements have been used. 

Therefore, all the statement numbers were changed 

to make them sequential. 

FORMAT Statements 

In the original program the FORMAT statements were 

put immediately after the READ/WRITE statement. All FORMAT 

statements were grouped and put sequentially immediately 

before the RETURN or END statements of the respective rou­

tines. 
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Program Execution 

Eight different runs were made. The data files were 

DATA FILE 2 

DATA FILE 3 

DATA FILE 4 

DATA FILE 7 

DATA FILE 8 

DATA FILE 2 and DATA FILE 4 are the same system containing 

10 species in total, with one gas phase containing 9 species 

and one· invariant . 

Gas phase species are CH4 , c2H6 , c2H2 , CO 2 CO, , 
o2 , H2 , H20, and c2H6 . 

The only invariant considered was C. 

2 moles of C, 4 moles of O and 14 moles of H were 

considered to be present in the system, which is equivalent 

to one mole of Ethane and four moles of water . 

Equilibrium temperature or reaction temperature was 

assumed to be 1000°K. 

The difference between the two sets of data is whereas 

in DATA FILE 2 the computer generated the initial estimate, 

in DATA FILE 4 the initial estimate was supplied as input. 

It was found that computation was faster when initial 

estimate was supplied, rather than generated by the computer. 

In both the cases output was the same and agreed with 
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available reference. 5 

DATA FILE 3 is a system containing CO, H2o, co2 , 

H2 and o2 in the gas phase. C was the only invariant con­

sidered. 

In this case again the initial estimate was supplied 

as input data . 

DATA FILE 7 is a system containing 4 elements, 

S, 0, N, and Cu, gas phase containing 15 species and there 

are 5 invariants. 

This computation took longer time, but can be con­

sidered very fast, considering the large number of species 

considered present in the system. 

This file was also used as a test file during modi­

fication of the program. This data file, along with a cor­

responding output, was supplied along with the program when 

it was originally procured. 

Every time a further modification in the program 

was made, this sample file was run to make sure the modifi­

cation was proper. 

DATA FILE 8 constitutes the same system as in DATA 

FILE 2 and DATA FILE 4, but in this case five different points 

were considered· by varying the input amount of Hand O but 

keeping the amount of C constant. The data points represent 

5Richard E. Balzhiser, Michael R. Samuels, and John 
D. Eliassen, Chemical En ineerin Thermod namics Prentice-
Hall, Inc. (Englewoo s, New Jersey, 1972 , pp. 513-527. 
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reactions between one mole of Ethane and 4, 3, 2, S, and 6 

moles of water. 

All data files and the corresponding outputs as 

computer printouts have been reproduced sequentially in 

Appendix C. 

The file names used are th~ actual names of data 

files in which the data are stored in the YSU computer 

system. 
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CHAPTER VI 

SUMMA.RY 

Findings 

A computer program for solving Equations 20, 28, and 

29 has been developed by G. Eriksson of the University of 

Umea, Umea Sweden. Eriksson's work required approximately 

10 years to complete, and resulted in a program he called 

SOLGASMIX. A copy of SOLGASMIX was purchased by Youngstown 

State University through a research grant awarded to R. W. 

Jones of the Department of Chemical and Metallurgical Engi­

neering by the Research Council. 

The major effort of the work presented here concerned 

an analysis of SOLGASMIX and a subsequent modification in 

order that the program be compatible with the YSU computer 

system. 

To check if the modification of the program was pro­

per, a number of data files were run and the result obtained 

agreed totally with available reference. 

It was also found that the program was very fast 

and therefore could be used at a very low cost, as computer 

time requirements are small. 

Conclusion 

Even though SOLGASMIX has not yet been very widely 
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utilized, it appears to be a very versatile software, capa­

ble of making thermodynamic analyzing of complex multi­

component, multi-phase, chemically reactive system. 

The program would be most suitable for high temper­

ature, low pressure systems where equilibrium is reached 

very quickly. 

When the system behaves non-ideally, reliability 

of the results will totally depend on the accuracy of the 

thermodynamic data available for the system being investi­

gated. 

Recommendations 

It is recommended that since the program has been 

modified and set up on the YSU computer system, further 

work be directed towards using it for non-ideal systems. 

An interactive version of the program is also avail­

able. It would also be very useful to set up the interactive 

version of the program on the YSU system. 

Since a reasonably advanced knowledge of programming 

is necessary, it would be a good idea to carry out further 

work jointly by the Departments of Computer Science and 

Chemical Metallurgical Engineering Departments. 
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APPENDIX A 

Data Input Guide 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DATA INPUT GUIDE 

PROGRAM SGMX8A 
••••••••••••••••••••••••••••••••••••••• 
• sntGASMIX IAATCH VERSIONI • 
••••••••••••••••••••••••••••••••••••••• 
• YOUNGSTOWN STATE UNIVERSITY • 
• CHEMICAL ENGINFERING nEPARTMENT • 
• YOUNGSTOWN OHIO 445,;5 • 
• TELEPHONE Zl~ 742 3020 • 
••••••••••••••••••••••••••••••••••••••• 

C I N P U T G U I O E 
C 
C 
C 

----------------
: 

RECORD 
I TEXT 

180A l I 
HE All I NG. 

----·----------------------------C RECORD 7. 
C L 

140121 
THE TOTAL NUMAER OF ELEMENTS 1<•121. 
THE TOTAL IIIUMAER OF MIXTURES l(aq). C: MP 

C M'iOL 
C 
C 
r. 
C 

,'!NI 11 
'INIZI 
ETC. 

i: NOTE-
: 
C 
C 

THE TOTAL NU"lllER OF INV AR (ANTS I a CONDENSED PHASES OF INVARIANT STOI­
CHIOMETRY I. 
THE TOTAL NU~AFR OF SPFCIES IN MIXTURE l IGASEIJUSI, 
THE TOTAL "IUMOER OF SPECIES IN MIXTURE Z ICONOENSEOI, 

THE TOTAL NUMBER OF SPECIES MUST BE <•80. THE TOTAL NUMBER OF MIXTURES 
PLUS INVARIANTS MUST BE <•1'1PUT - ll IF THE INTEGER VALUE RANGE EXTENDS 
TU IZ••MPOT - 11 (DEFAULT MPOT VALUE s 481. THE REAL VALUE RANGE IS DE­
FAULTED TO EXP(POTMI WHERE POTM a 500. --------------

C RECORD 3 
C IOENT 

IZA<;, 1ZF5 .o I 
IDENTIFICATION FOR SPECIES I. 

C ~I loll 
C All,ZI 
r: ETC. 
C NflTF­
C 
C 
C 

THE TOTAL NUMllER OF FORMULA UNITS 
THE TOTAL NUMAER OF FORMULA UNITS 

OF ELEMENT l IN SPECIES 1, 
OF ELEMENT ZIN SPECIES I, 

THERE IS ONE LINE PER SPECIES IN SPECIES ORDER. SPECIES IN MIXTURE l 
MUST AF. GI VEN THE LOWEST tlUMBERS, ETC, ANO THE INVARIANTS FOLL OW LA ST. 
Tl~ FORMATION OF A SPECIES Will AE SUPPRESSEIJ IF THE IOENTIFICATION CON­
TAINS rHF. CHARACTF.P ••• IN COLUMN 10. EQUILIBRIUM ACTIVITIES FOR All IN-
VARIANTS AND EQUILIORl~M MOLE FRACTIONS FOR All SPECIES IN THE CONDENSED 

C MIXTURES, SUPPRESSED OR NONSUPPRF.SSEO, Will OE GIVEN IN THE OUTPUT. IF 
C HIE EOUILIARIUM ACTIVITY FOR A SPECIES Will BE SPECIFIED, THIS SPECIES 
C HAS TO RE REGARDED AS AN FLEMENT IN ITS CHOSEN REFERENCE STATE. 
C ---------
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

REC:ORll 
IF.LI ti 
IF.LI ZI 
ETC. 

4 140 I Z I 
THE SPECIES N'IMAER Fr:JR ELE'1ENT l IN ITS CHOSEN REFERENCE STATE, 
THF. SPFCIF.S NUMRFR FOR FLEMENT Z IN ITS CHOSEN REFERENCE STATE, 

---------------------------------------------------------------RECl'lRO <; 140121 
KVAL • l NO HF.AT CALCULATIONS ANO VALUES Of GIBBS FUNCTION AS THERMODYNA-

MIC DATA. 
•? NO HF.AT CALCULATIONS ANO VALUES OF FORMATION ENTHALPY, ENTROPY, 

ANO HEAT CAP~CTTY ~S THEPMOOYNAMIC OAT~. 

C IIIJJE-

• J HEAT CALCULATIONS ANO VALUES OF FORMATION ENTHALPY, ENTROPY, ANO 
HE,H CAPACITY AS flH'l>'IOOYtJAMIC OATA. 

PUT ~VAL NEGATIVE IF ~nLIR vnLU~ES WILL RF cnNSIOEREn IN THE CALCULATION 
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DATA INPUT GUIDE (continued) 

C OF THE CHEMICAL POTENTIAt.S FOR TttE INVARl4NTS. 

C ----------------------------------------------------------------
C 
C 
C 
C 
C 
C 

CONTINUE ~ITH MECORO 7 IF KVAL = L ANU WITH MECORO q IF KVAL ■ 2 OR 3. 

REC ORO b 
VIJPI LI 
VOl'ILH I 
ETC. 

IIIEL0.01 
'IOUR VOLW1E/C .. n FflR lr,VAR IMH L, 
'IULAR VOLUME/C '11 FOR I NV ,\RI ANT 2, 

:: NOTE- THE 'IOLAR VOLUMES -'Ml: ASSUMED INUEPENOENT OF TEMPERATURE ANO PRESSURE. 
C --------------------------------------------------
C CONTINUE Wint RF.COMO q IF KVAL ■ -z OR -1. 
C ---------
C 
r. 
C 
C 
C 
C 
C 

RECORD 7 
MGT 

1:.TC ll 
IGTI 7.1 
ETC. 

140121 
THE TOTAL NUMKER OF COEFFICIENTS IN THE GIBBS 
WHiCH CAN BE OIFFERtNT FROM ZERO IG/J.MOL-l • 
♦ E•T••3 ♦ F•T••4 ♦ G•T••~ • H•T•ALOGITII. 
THE NUMKER FOR IINE OF THESE COEFFICIENTS, 
THF. NUMBER FOR ANOTlll:R UF THESE COEFFICIENTS, 

FUNCTION EXPRESSION 
A/T + B • C•T • D•T•T + 

:: NOTE- A IS COEFFICIENT L, I\ IS COEFFICIENT 2, ETC. 
C -------------------------r. RECORO 8 
r. GE I I , l I 
:: GE 11 ,21 
C ETC. 

(8EIO.OI 
THE VALUE OF COEFFICIENT IGTlll FOR SPECIES 1, 
TIIE VALUE OF COEFFICIENT IGTl21 FOR SPECIES I, 

C NOTE- THEME IS ONE LINE PER SPECIES IN SPECIES ORDER. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

----------------------------------------------------
RECORD q l8El0.0I 
T THE REACTION TEMPERATURE/K. 

--------------
CONTINUE WITH RECORO l4 IF KVAL •-LOR 1 OR IF KVALl < 9 (DEFAULT VALUE• 91. -----~-------------------------------RECORO lO 12El0.0,12/8El0.0I 
HFCI I FORMATION ENTHALPY AT 298 K/J.MOL-l FOR SPECIES I. 
SI II ENTROPY AT 298 K/J.K-l'IOL-l FOR SPECIES I. 
NOMI II THE TOTAL NUMBER Of HEAT CAPACITY EXPRESSIONS FOR SPECIES I 1<•61. 

Cll,J,ll THE VALUE OF A IN CP EXPRESSION J FOR SPECIES (. 
Cl 1,J,21 THE VALUE Of I\ IN CP EXPRESSION J FOR SPECIES I. 
Cll,J,31 THE VALUE Of C IN CP EXPRESSION J FOR SPECIES I. 
Cll,J,41 THE VALUE OF O IN CP EXPRESSION J FOR SPECIES I. 
Cll,J,51 THE VALUE OF E IN CP EXPRESSION J FOR SPECIES I. 
Cll,J,61 THE VALUE OFF IN CP EXPRESSION J FOR SPECIES I. 
TOl'tl I ,JI TRANSFORl'IATION TE'IPERATURE J/K FOR SPECIES I. 
HOM( 1,JI TRANSFORMATION F"ITHALPY J/J.IIOL-l FOR SPECIES I. 
NOTE- THERE ARE IN011111 • ll LINES PER SPECIES IN SPECIES OROER. THE HEAT CA­

PACITY EXPRESSIONS MUST BE VALID FROM 298 K UP TO THE REACTION TE11PERA­
TUPf ICP/J.K-l~OL-l •A+ B•T + C/T••z • D•T•T + E/T••1 • F/SQRTITII. 
HIE TRANSFORMATION TEMPERATURE ANO ENTHALPY ARE GIVEN ONLY IF THERE IS A 
CP EXPRESSION IJ + LI. 

----------------------------------------------------------~ CONTINUE WITH RECORD l4 IF KVAL • -z OR 2. --------------------------------- ---------------c RFCURO ll 140121 
C '41N THE TOTAL NUMBER OF SPECIES IN THE RAW MATERIAL 1<2251. 
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DATA INPUT GUIDE (continued) 

C IINI LI THE NUMAF.R FOR ONE nF THESE SPEC IF.St 
C IINIZI THE NUMBER FOR ANOTHF.P OF THF.SF. SPECIES, 
C ETC. 
C ------------------------- ----------------------------------
C RF.r.ORO l2 IRF.10.01 
C TO THE Tfl'IPF.RATIJ!IF. OF THE RAW MIHERIAL/K. 

-----------------------------------------------------------C CONTINUE WITH RF.CORO 14. 
C 

RF.CnRO l3 IREl0.01 C 
r: PTOT THE TOTAL PRESSURF./AT"I OR THE NEGATIVE SYSTEM VOLUMF./DMJ. 
C 
C 
C 
C 

NOTE- THE SYSTEM vnLUM!" IS GIVEN WITH A MINUS SIGN (F THE CALCULATlONS Will BF. 
PF.PFnRMF.O AT CONSTANT VOLUME. ----------------- -------------l4 140 I Z I PF.CORD 

" KV.\L l • 1 CALCULATE A GROUP OF POINTS WITH NEW VALUES OF THE VARIABLES IN 
C THE RF.CORDS l~-17 ANO THE STARTING ESTIMATE ACCORDING TO RF.CORO 
C 18. CONTINUE WITH RECORD 15. 
C • Z THE SAME AS FOR KVAll • l BUT THE STARTING ESTIMATE Will BF. GF.NF.-
C RATED 8Y THE P~OGRAM. CONTINUE WITH RF.CORD 15. 
C • 3 THF SAMF. AS FOR KVAll a l BUT THE LAST CALCULATED POINT WILL BF. 
C USED AS ' STARTING EST IMATF.. CONTINUE WI TH RF.CORD 15. 
C • 4 CALCULATE A GROOP OF POINTS WITH NEW VALUES OF THE VARIABLES IN 
C RF.CORO l7 ANO UNCHANGED VALUES OF THE VARIABLES IN THE RF.CORDS 
C 15-16. CONTINUE WITH RF.CORO 17. 
C = 5 CALCULATE A GROUP OF POINTS WITH UNCHANGED VALUES OF TllF. VAR lA-
C ALES IN THE ~ECORUS 15-17. CONTINUE WITH RF.CORO 14. 
C • 6 CHANGE THE PF.ACTION TEMPERATURE. CONTINUE WITH RF.CORO 9. 
C = 7 CHANGE THE TOTAL PRF.SSURF. IOEFAULT VALUE'" l AT"II OR DF.FtrlF. OR 
C CHANGE THE SYSTEM VOLUME. CONTINUE WITH RF.CORO 13. 
C • 8 CHANGE THE G EXPRESSIONS. CONTINUE WITH RF.CORO R. 
C = 9 CHAIIIGE SYSTEM. CONTINUE WITH RECORD 1. 
C •10 FINISH THF. CALCULATIONS. 
C ----------- -------------------------
C RF.CORO 15 140 l Z I 
C IIIPKT THE TOTAL NU"IAER OF POINTS IN THE GROUP l<aZ51. 
C "0TE- me VARIATION (Ill N OR LOG A RETWEF.N THE POINTS IN IHE GROUP WII.L BE DE-
C FIIIIEO FOR EACH ELE: 14ENT OR FOR EACH SPECIES IN THE RAW MATERIAL IN• TO-
C TAL AMOUNT, A• EQUILIBRIUM ACTIVITY!. 
C -------------------------
C RF.CORO l6 140121 
• KHll I TIIF. VARIATION 1111 
C INN FOR SPF.CIES 
: KHl21 THF. V~R(ATION IN 
C IN III FOR SPECIES 
c Ere. 

N nR LOG A FOR ELEMENT l (KVAL,. -1, 1, -z, OR 21 OR 
IINlll IKVAL,. -3 OR 31, 
"I OR LOG A FOR ELEMENT 2 IKVAL "'-l, l, -z, OR ZI OR 
IINIZI IKVAL ,. -3 OR 3t. 

: N!lTF.- KH,. l N VARIES IRREGULARLY BETWEEN THE POINTS HI THF GROUP, 
C KH .. 7. N IS cnNSTANT, 
C KIi J Ill VARIES llY A CONSTA•IT INCREMENT, 
: Kif = '• LOG A VARIES IP.!IEGIJLARLY BF.TWEF.111 THF PnlNTS IN HIE GROUP, 
C KH ~ LOG A IS CONSTANT, 
C Kit 6 LOG A VARIES HY A CCllllSThNT IIIICRE'1EIIIT. 
C ----------------------------------------------------------------------C ~t:C'JPU l7A PlElO.Ol 
C 'HJ.ti 111/ •inL FOR FLE"("IT J nil Sl'E CIF.S ll"l(JI (KH: ll OR LOG A FOR ELEMENT J 
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DATA INPUT GUIDE (continued) 

C 
C BIJ,ZI 
C FTC. 

(KH a 41 AT THE FIRST POINT, 
NOR LOG A AT THE SECON~ POINT, 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

RECORD l70 IAEl0.01 
BfJ,ll THF CONSTANT VALUE OF N/MOL FUR ELEMFNT J OR SPFCIES IINIJI (KH 

OR LOG A FOR ELEMENT J IKH • 51. 

LTC fBEl0.01 

ZI 

RFCORO 
RI J, ll THE INTTIAL VI\LUE OF N/,..OL FOR ELEMENT J OR SPECIES IIN(JI IKH : 11 

OR LOG A FOR ELEMENT J IKH • 61. 
STEPX 
NOTE-

THF CONSTANT INCQEMENT INN OR LOG A. 
THERE IS ONE LINF PER ELEMENT !SPECIES IN THE RAW MATERIAL) IN ELEMENT 
ISPECIESI ORDER. RECORD 171\ IS USED IF KH 2 1 OR 4, RECORD 17B IS USED 
IF KH • Z OR~, ANO RFCORD l7C IS USED IF KH • 3 OR 6. VALUES OF N < 
l.E-8 ARE TREATED I\S ~EING EQUAL TO ZERO. --------------CONTINUE WITH RECORD 14 IF KVAll > 1. --------------------------RECORD lA IAEl0.01 

Yfll STARTING ESTIMATE/~OL OF THE EQUILIBRIUM AMOUNT FOR SPECIES 1, 
Y(ZI STARTING ESTrnATE/MOL OF THE EQUILIBRIUM AMOUNT FOR SPECIES Z, 
FTC. ---------------------·---- -------------------------------CONTINUE WITH RECOPD 14. ------------------ -----------------------
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APPENDIX B 

The Computer Program SOLGASMIX 



SOLGASMIX PROGRAM (BATCH VERSION) 

//E0000777 JOB ISSROUTE3t, 
// FRl0500l.JONES,CLASSatt 
// EXEC WATFJV 
//SYSI N DD • 
SJOB 
C SOP TI ONS NOLI ST 

DOUBLE PRECISION A,AKT,AKTF,A0,8,DAKTF,G,Pl,PTOT,T,Y,YF 
COMMON Al80,l21,AKTl801,AKTFl80l,AOl80,l21,8112,251,DAKTFl80t, 

•GIROl,1Elll21,L,MFllOl,MLllUl,MP,MS,NP,Pll241,PTOT,T,Yl801,YFl8DI 
OOUALE PRECISION POTM,RINV,v,vroT 
COMl40N /SGAX/ MA, M~, NOIROI, POTM, RINV, V, YTOTl91 
DOUBLE PRECISION ASUM,VO 
COMfllON /SGGA/ ASUMl801,tPnTl48J,IS,IVARJ,KHC251,MG,MX,Ml,NG,VOl801 
DOUBLE PRECISION HF,S,XI 
COMMON /SGHE/ HFl801,IINIZ51,IN,IOUT,KVAl.l,KVALZ,MIN,Sl801,XIC801 
COM!fflN /TEXT/ IOENTl80,ZI 
DIMENSION BINllZ,251, GEl80,8l, IGTl81, MNllOJ 
CHARACTER•l ICHAR, INST, ITEXTl801 
CHARACTER•5 IOENT 
DATA INST!•••/ 
IPOTIU • 1 
KVAll • 9 
MFlll • l 
POTN • 500. 
RINV • 1./8.31433 

5 PTOT • t. 
V • o. 
00 10 J • l, 24 

10 KHCJI • 0 
READ 15,9001 ITEXT 
READ 15,9lOI L, MP, "50l, IMNl"I, M • 1, NPI 
Mt.Ill • MNlll 
NV• MP ♦ 1 
MNC MVI • MSOL 
DO 20 N • 2 , NV 
NFIMI • MLIN-11 + 1 

20 flft.lNI • Mlllt-11 + MNIMI 
"" • Ml.II I 
MH • NN + 1 
"Ii • NI.IMP! - MP 
Ml • MFIMVI 
111S • Nl.lMVI 
NlOO • MSOL + MV 
DO 30 N • 2, NlOO 

30 IPOTIMt • 2•1POTl'4-ll 
MX • JPOTIMSOL+MVI 
WRITE 16,9201 ITEXT 
DO 40 I• 1, MS 
XII II • O. 
READ 15,9301 IIDENTll,JI, J • l, 21, IACl,Jt, J • 1, LI 
NOCII • 1 
READ I IDENTC 1,21,9001 C ICIIAR, N • 1, 51 
IF IICHAR .E0. INST) NOIII = -1 
WRITE 16,9401 IIDENTll,JI, J • 1, 21, CACl,JI, J 1, U 
00 40 J • l, L 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

40 AOCl,JI • ACl,JI 
IF CMS .LT. Mll GO TO 51 
00 50 I• Ml, MS 
ASUMC 11 • O. 
VOCII • O. 
00 50 J • 1, L 

50 ASUMCII • ASUMCIJ +OABSCACI,JII 
51 REAO 15,9101 CIELIJI, J • l, Ll 

READ 15,9101 KVAL 
KVALZ • IABSCKVALI 
IF IKVALZ .LT. 31 MIN• L 
IF IKVAL - ll 52,53,65 

52 REAO 15,9501 IVOCJI, I• Ml. MSI 
WRITE 16,9601 ICIOENTll,JI• J • 1, Zl• VOIII, I• Ml• MSI 
IF IKVALZ - Zl 53,65,65 

53 READ 15,9101 ltGT, IIGTCNI, N • l, MGTI 
54 WRITE (6 1 9701 CIGTCNI• N • 1, MGTI 

DO 60 I • 1, MS 
READ 15.9501 CGECl,NI• N • 1, MGTI 

60 WRITE 16,9801 CIDENTll,JI, J • 1. za. CGECl,NI, N • 1. MGH 
65 READ 15,950) T 

IF CKVAL2 .EQ. 11 GO TO 75 
CALL HETU 
TEMP • RINV/T 
DO 70 I• 1, MS 
ITEMP • I 

70 GIii • TEMP•CHFCIJ ♦ HEATCITEMP,TI - T•CSIII ♦ SOCITEMP,TIII 
GO TO 92 

75 DO 80 I• l• MS 
80 GIii • O. 

DO 90 N • 1, MGT 
IF CIGTCNI .LT. 81 TEMP• RINV•T••CIGTCNI - 31 
IF CIGTCNI .EQ. 81 TEMP• RINV•ALOGCTJ 
DO 90 I • 1 1 MS 

90 GIil • GIii + GECI.Nl•TEMP 
GO TO 92 

91 READ 15,9501 PTOT 
V • AMAXlC-PTOT,0.1 

92 READ 15,9101 KVALl 
G0 °TO 193,93,93,94,151,65.91.54,5,2051, KVAt.l 

93 READ 15,9101 NPKT 
READ 15,9101 CKHCJI, J • l, MIN) 

94 00 120 J • l• MIN 
NlOl • KHCJJ 
GO TO · l95,96,105,95 1 96 1 1051, NlOl 

95 READ 15,9501 IBCJ,NI• N • 1, NPKTI 
GO TO 120 

96"REAO 15,9501 BC 
DO 100 N • 1, NPKT 

100 BCJ,NI • BC 
GO TO 120 

105 READ 15,9501 BIJ,11, STEPX 
00 110 N • 2, NPKT 

110 BIJ,NI • BCJ,N-11 + STEPX 
lZO CONTINUE 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

IF CKVALl - ZJ 121,122,145 
121 READ 15,9501 CYCIJ, f • 1, MSI 

GO TO 145 
lZZ 00 130 I• 1, MM 
130 vc11 - 1.e8 

IF CMV .EQ. 11 GO TO 145 
DO 140 I• MH, MS 

140 YCI J • O. 
145 IF CKVALZ .LT. 31 GO TO 151 

DO 150 N • 1, NPKT 
DO 150 J • 1, MIN 

150 RINIJ,NI • 8CJ,NI 
151 NP • 0 
155 NP• NP• 1 

IF CKVAL2 .LT. 31 GO TO 172 
DO 160 J • 1, L 

160 8CJ,NPJ • O. 
DO 170 N • 1, MIN 
I• IINCNI 
XICIJ • 81NCN,NPJ 
DO 170 J • 1, L 

170 BCJ,NPI • 8CJ,NPI • All,Jl•XICI~ 
172 CALL GASOL 

WRITE 16,9901 T, PTOT 
IF IV .GT. 0.1 WRITE 16,10001 V 
IF CIS .LE. MX .ANO. NG .LT. 10001 GO TO 175 
WRITE 16,10101 
IF CIS .GT. MXI WRITE 16,10201 
IF ING .ea. 10001 WRITE 16,10301 
IF CNP - NPKTI 155,92,92 

175 IF IIVARJ .EQ. 151 WRITE 16,10401 
IF CKVALZ .EQ. 31 GO TO 195 
on 190 J • 1, L 
K • IELIJI 
IF CKWCJI .LT. 41 GO TO 185 
XIIKI • O. 
DO 180 I• 1, MS 

180 XICKI • XICKI + AOCl,JI/AOCKwJl•YCIJ 
GO TO 190 

185XICKI • BCJ,NPI/AOCK,JI 
190 CONTINUE 
195 WRITE 16,10501 

DO 200 M • 1, MP 
IF CM .GT. 11 WRITE 16,10601 
Nl02 • MFfMI 
Nl03 • 14L I Ml 
DO 200 I• N102, Nl03 

ZOO WRITE 16,10701 IIDENTll,Jl,J•l,21.XIC 11,Ylll,YFlll,AKTC II 
IF C14S .GE. 1411 WRITE (6,10801 (IIDfNTCl,JI, J • l, 21, XICII, 

•YCII, AKTCII, I• 141, MSI 
IF (KVALZ .EQ. 31 CALL HfTTA 
CALL SPEQUA 
IF (NP - NPKTI 155,92,92 

205 STOP 
900 FOR14ATC80All 
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SOLGASMIX PROGRAM . (BATCH VERSION) 

(continued) 

9l0 FORMATCWl2) 
920 FORMATl 1 l',80Al//' FORMULA UNITS') 
930 FORMATl2A5,12F5.0) 
9-\0 FORMATllX, 2A5, l2F5.l) 
950 FORMATl8ElO.OI 
960 FORMATl/l ♦X, 'MOLAR VOLUME•/ llX, 2A5, Fl2.311 
970FORMATl/l0X, 81 1 COEFF•, 12H 
980 FORMATllX, 2A5, 8llX, Ell. ♦ 11 
990 FORMATl'lT ••• F8.2, • K'/ • P • •• lPEl0.3, 'ATM•t 

1000 FORMAT(• V ••• 1PE10.l, • ATM') 
1010 FORMAT(/' THE EQUILIBRIUM COMPOSITION HAS NOT BEEN OBTAINED') 
1020 FORMAT(• All POSSIBLE PHASE COMPOSITIONS HAS BEEN CONSIDERED'! 
1030 FORMAT(• 999 DIFFERENT PHASE COMBINATIONS HAVE BEEN CONSJDERED•t 
10♦0 FORMAT(/' THE SOLUTION IS NUMERICALLY UNSTABLE•t 
1050 FORMATl/18X, 'X*/MOL', 9X, 1 Y/MOL•, l0X, 1 P/ATM•, 9X, 1 lCTIVITY 1 1 
1060 FORMlTl ♦♦X, 'MOLE FRACTION') ' 
1070 FORMlTClX, 2A5, ♦ llX, El2.511 
1080 FORMATl/ClX, 2A5, 2l3X, El2.51, 18X, ElZ.511 

ENO 
SUBROUTINE GASOL 
DOUBLE PRECISION A,AKT,AKTF,AO,B,DAKTF,G,Pl,PTOT,T,Y,YF 
COMMON ll80,121,lKTl80),AKTFC801,lOC80,121,8Cl2,251,DAKTF1801, 
•GC801,1Elll21,L,MFllOl,Ml.llOl,MP,MS,NP,PIC2♦ 1,PTOT,T,YIBOl,YFl801 

DOUBLE PRECISION POTM,RINY,V,YTOT 
COMMON /SGAX/ Ml, MB, NOl801, POTM, RINV, V, YTOTl91 
DOUBLE PRECISION ASUM,VO 
COMMON /SGGA/ ASUM1'80 I, IPOTC ♦ 8 I, IS, IVARJ, KHC 251 ,MG,HX,H l ,NG, VOl 801 
DOUBLE PRECISION ALN,80,F,GV,OPI,R,YFTOT,YMAX,TEMP 
DIMENSION ALNl801,801l21,Fl801,GVl801,IFASl91,INRl801,ISOll ♦61, 

*MNRl801,NRll801,NSUMl9991,0Pl1121,Rl2♦,251,YFTOTl91,YMAXC801 
LOGICAL IDEAL, IGEN, LIVARJ, LXl801, LYFTOT, NON 
!GEN • .FALSE. 
LYFTOT • .FALSE. 
NON • .FALSE. 
SLAM • 0. 
Bl4AX • O. 
LO• l 
IF IMS .GE. Mll RTI • l.E-3*l01.325•RINV•CPTOT - 1.1/T 
DO 10 I• l, MS 

i0 IF CMODINOl 1),21 .EQ. 01 NO( II • NOii i ♦ 1 
DO 60 J • l, l 
BOCJI • 8CJ,NPI 
IF IKHCJI .LT. ♦ I GO TO 20 
I• IELIJI 
TEMP • llOGClO.t•BOCJI 
80CJI • EXPITEMPI 
PIIJJ • IGIII ♦ TEMPI/All,JJ 
IF Cl .GE. Mll PIIJI • Pl IJ I • RTl•VOll 1/lll,J I 
GO TO 50 

20 IF IABSIBOIJII .GE. l.E-81 GO Tn 60 
K • IELIJI 
DO 30 I• 1, MS 
IF IAll ,Jl*AIK,JI I 60,30, 30 

30 CONTINUE 
BOCJI • o. 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

DO~ I• lo "S 
40 IF CACl,JJ .NE. O •• AND. ltODCNOIIJo2J .NE. 01 NOCIJ • NOCIJ - l 
50 LO • LO - l 
60 IF CA8SCBOCJJJ .GT. a .. AXJ 8MAX • A8SC80CJJI 

IF l"S .LT. "lJ GO TO 90 
00 80 I• Ml, "S 
I NR CI J • I 
IF CMOOCNOCilo21 .ea. 01 GO TO 80 
GVIJJ • GCIJ • RTI•VOCIJ 
DO 70 J • 1, L 
IF IKHCJI .LT. 4 .ANO. Alt.JI .Ne. o.J GO TO 80 

70 CONTINUE 
NOCIJ • NOCIJ - l 

80 CONTINUE 
90 DO 120 I• 1, "S 

IF CNOCIJ .ea. 11 GO TO 100 
AKTCII • O. 
YU I • O. 
YFCII • o. 
GO TO 120 

100 Y"AXCII • 8MAX 
DO 110 J • l, L 
IF IKHCJI .GT. 3 .oR. ACl,JI .ea. o •• OR. 80CJI .Ea. 0.1 GO TO 110 
TEMP• OABSCBOCJl/lCI,JJI 
IF CTEMP .LT. YMAXCIII YMAXCIJ • TEMP 

110 CONTINUE 
12 0 CONTINUE 

MPC • "P • l 
DO 150 "• lo "p 
YTOTCMI • 1. 
I • MLCMI 

130 IF CYCII .GT. O.J GO TO 150 
I • I - l 
IF Cl .GE. 14FIMIJ GO TO 130 
YTDTCMI • O. 

, 140 I • I + l 

C 

IF CNOIII .eo. 11 GO TO 150 
IF CI .LT. MLCMII GO TO 1~ 
14PC • 14PC - l 
lflSIMPCI • 14 
YTOTI Ml • -1. 

150 CONTINUE 
Nl04 • MLIMPI 
DO 160 I• 1, Nl04 
lKTFC II • l • 

160 OAKTFIII • O. 
170 IS • -1 

NG • 0 
GO TO 210 

180 IF INEGI 260,2600200 
190 NEG• JSOLIKI 
200 YINEGI • O. 

C CALCULATION OF A NUMBER SPECIFYING THE PHASE COMBINATION 
C IGAS PHASE• 1, MIX 2 • 2, MIX 3 • 4, "IX 4 • 8, ETC.I 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

210 ISUM • 0 
"SA• 0 
IF CNS .LT. "l) GO TO 230 
00 220 K • "l t NS 
IF CYCUfRCKII .EQ. O.) GO TO 220 
MSA • MSA + l 
ISOLCNSAI • INRlKJ 
ISUM • ISUM + IPOTlK-MGI 

220 CONTINUE 
230 MPA • 0 

NG•NG+l 
IF ING .EQ. 10001 RETURN 
NSUNC NG I • I SUN 
00 240 M • lt NP -
IF IYTOTlNI .Le. 0.1 GO TO 240 
MPA • NPA + l 
NSUMINGI • NSUNCNGI + IPOTINI 

240 CONTI HUE 
IF (NSUNlNGI .LT. JS) GO ro 250 
IF (MPA ♦ NSA .Le. LOI GO TO "o 
IF lMSA .EQ. 01 GO TO 250 
NG•NG-1 
YllSOLCUI • o. 
GO TO 210 

250 NG • NG - 1 
C 
C RANKING THE INVARIANTS ANO CHOOSING A PHASE COMBINATION WHICH 
C HASN'T BEEN CONSIDERED PREVICIJSLY 
C 

260 IF I.NOT. IGEN .OR. NS .LE. NlJ GO TO 340 
00 270 K • "1, NS 

270 MNRCKI • INR(KJ 
280 I GEN • .FALSE. 

Nl05 • "S-1 
00 290 K • "1, Nl05 
N • K + l 
IF CALNCKI .GE. ALNINII GO TO 290 
IGEN • .TRUE. 
TENP • ALNI Kl 
ALNlKI • ALNCNI 
ALNINI • TE"P 
ITEMP • (NRCKI 
INRCKI • INRCNI 
I Nit INI • ITENP 

290 CONTINUE 
IF IIGENI GO TO 280 
00 300 K • "l, "S 

300 NRl(INRIKJI • K - "G 
DO 330 N • 1, NG 
ITEMP • IABSINSUNINII 
NSUMlNI • 0 

310 M • 1 
~2 0 M • M + 1 

IF IIPOTIMI .LE. ITEMPI GO TO 320 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

"·"-1 
K • "• "G 
IF CK .LT. "11 GO TO 330 
NSUMINI • NSUMINI • IPOTINRIIHNRIKIII 
ITEMP • ITEHP - IPOTIMI 
GO TO 310 

330 NSUMCNI • NSUMINI • ITEMP 
IS• -1 

340 IS• IS• 2 
IF 11S .GT. MXI RETURN 
DO 350 "• 1, MP 

350 IF IYTOTIMI .GT. O.I YTOTIMI • O. 
ISUM • 0 
HPA • l 
IF IMSA .EQ. 01 GO TO 370 
DO 360 N • 1, HSA 

360 YIISOLCNII • O. 
MSA • 0 

370 IF 11S .EQ. 11 GO TO 430 
ITEMP • IS 

380 " • l 
390 M • "+ l 

IF CIPOTIMI .LE. ITEMPI GO TO 390 
M • " - l 
IF CM .GT. MPI GO TO 410 
IF CYTOTIMI .eo. -1.1 GO TO 340 
MPA •"PA ♦ l 
YTOTCMI • 1. 
Nl06 • HFIMI 
Nl07 • II.CHI 
DO 400 I• Nl06, Nl07 

400 IF INO(II .eo. 11 YCII • YMAX(II 
GO TO 420 

410 I• (NRl"•ltGI 
IF INOIII .LT. 11 GO TO 340 
MSA • MSA • l 
I SOU "SAi • I 
ISUM • ISUM • IPOTl"I 
VII I • YMAXIII 

420 ITEMP • ITE~P - IPOTIHI 
IF IJTEMP .GT. 11 GO TO 380 
IF IMPA ♦ "SA - LOI 430,430,340 

430 NG • NG • l 
IF ING .eo. 10001 RETURN 
NSUMINGI • IS 
IF ING .GT. ll NSUHING-11 • IABSCNSUMCNG-111 
YTOTI 11 • 1. 

440 IF ING .EQ. ll GO TO 460 
Nl08 • NG-1 
00 450 N • 1, Nl08 
IF INSUMINGI - NSUMINII 450,250,450 

450 CONTINUE 
IF ING .EQ. 21 GO TO 460 
ITEMP • -NSUMING-21 
IF IITE"P.LT.O.OR.NSUMCNGI.EQ.ITEMP.ANO.NSUMCNG-11.LT.OI GO TO 460 
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C 
C 
C 
C 

460 

500 

510 
520 

510 
51t0 

550 

560 

570 

SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

NSUMING-21 • ITEMP 
IF INSUMINGI - ITEMPI 460,250,~60 
MP8 • NPA + l 
NPC • MPA 
Jl4PA • 0 
IDEAL• .TRUE. 
DO 520 M • 1, MP 
IF IYTOTIMII 520,~70,ltqc) 
NPC • MPC + l 
IFASIMPCI • M 
N109 • MF IMI 
NllO • "'-IMI 
DO ~80 I• Nl09, NllO 
YIII • o. 
GO TO 520 
NPA • MPA + l 
IFASIMPAI • N 
MA • MFIMI 
M8 • Mt.lMI 
00 500 I• MA• M8 
IF INOIII .LT. 11 GO TO 500 
IF IYIII .GT. YMAXIIII VIII• YMAXIII 
IF IYIII .LT. 1.e-a, YIII • 1.e-a 
LXI II • .FALSE. 
ITEMP • M 
CALL ABERIITEMPI 
IF I.NOT. IDEAL .OR. M .EQ. l .OR. MP8 + MSA .LT. ~I GO TO 520 
00 510 I• MA• M8 
IF CAKTF II I .EQ. l. I GO TO 510 
IDEAL • .FALSE. 
GO TO 520 
CONTINUE 
CONTINUE 
FLAM• -0.09 
LIVARJ • .FALSE. 
LSl • L ♦ MPA + MSA 
LS • LSl - 1 
LS2 • LS + 2 
GO TO 550 
YIII • YTOTIMl•YFIII 
IF IYIII .GT. YMAXIIII YIII • YMAXIIJ 
LXIII • .TRUE. 
CALL ABERCMJ 
OMIN • l.E-6 
IVAR• 0 
IVARJ • ML(ll - MS 

CALCULATION OF THE COEFFICIENTS IN THE LINEAR SYSTEM OF 
EQUATIONS 

DO 570 J • l, LSl 
DO 570 K • J, LS2 
RI J,KI • O. 
DO 610 N • 1, MPA 
I TEMP • L + N 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

"• IFAS(NI 
l'Ull • HFC"I 
Nll2 • Mll"I 
DO 600 I• Nlll• Nll2 
IF IYIII .eo. o., GO TO 600 
Fill• GCII + DlOGIAKTIIII 
RIITE .. P,LSZI • RIITE .. P,LS21 ♦ FCll•YIII 
00 590 J • l. l 
If CAIi.Ji .eo. 0.1 GO TO 590 
Te .. P • All,Jl•YIII 
RIJ.ITEHPI. RIJ,ITE .. Pt. re .. , 
RCJ,LS2t • RIJ,lS21 ♦ TEHP•FIII 
DO 580 K • J, l 

580 RIJ,KI • RIJ.KJ + TE .. P•AII.KI 
590 CONTINUE 
600 CONTINUE 

DO 610 J • 1, l 
610 RIJ,LS21 • R.J,LS2J - RIJ,ITEHPt 

IF ... s, .eo. Ot GD TO 630 
DO 620 N • l• .. SA 
I • ISOLINI 
K • l ♦ HPA ♦ N 
RCK.LS21 • GVCII 
00 620 J • 1, L 

620 RCJ,KI • All.JI 
630 DO 640 K • 2• LSl 

Nl13 • K-l 
DO 640 J • l• Nll3 

640 RIK.JI• RIJ.KI 
IF I.NOT. NONI GD TO 690 
DO 650 J • l• L · 

650 80CJI • BIJ.NPI 
DO 680 N • l• .. Pl 
" • IFASINI 
IF IHFCHI .NE ... ll .. l I GO TO 680 
... • HFl .. 1 
DO 670 J • l• L 
IF •• , .. ,.J, .eo. MII .. A.JII GO TO 670 
re,.,• 11. - ,, .. ,.Ji1101 .. A.J11•v1 .. ,1 
DO 660 K • l • L 

660 IF ..... ,,Kl .eo. MII .. A,KII BOIKI • 80CK) ♦ ,e .. , ....... KJ 
GO TO 680 

670 CONTINUE 
680 CONTINUE 
690 DO 710 K • l• L 

IF CKHIKI .LT. 41 GO TO 710 
00 700 J • l• LSl 

700 RIJ,LS21 • RCJ,LS21 - PIIKl•RIJ,KI 
710 RIK,LS21 • RIK,lS21 + 801KI 

C PREPAR.TION FOR GAUSSIAN ELl"INATION, PIVOTING 
C 

00 770 K • 1 • LS 
IF IKHIKI .GT. 31 GO TO 770 
TEMP • O. · 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

00 720 J • Ko LSl 
IF IOABSIRIJoKII .LE. TEMP .OR. KHIJI .GT. 31 GO TO 720 
ITEHP • J 
TEMP• OABSIRIJ,KII 

720 CONTINUE 
IF (TEMP .GT. O.I GO TO 730 
IF CK .GT. LI GO TO 770 
IF IBOCKII 2500770,250 

730 IF II TEMP .EQ. Kl GO TO 750 
00 740 N • K, LS2 
TEMP• RIITEHP,NI 
RIITEMP,NI • RIK,NI 

740 RCK,NI • TEMP 
750 ITEMP • K + 1 

00 760 J • ITEHP, LSl 
TEMP• -RIJoKI/RIK,KI 
00 760 N • ITEHP, LSZ 

760 RIJoNI • RIJoNI + TEMP"RIKoNI 
770 CONTINUE 

C GAUSSIAN ELIMINATION 
C 

00 800 N • 1, LSl 
K • LS2 - N 
IF IKHCKI .GT. 31 GO TO 800 
IF IRIKoKI .NE. O •• ANO. RIK,LS2J .NE. 0.1 GO TD 780 
Pl I Kl • 0. 
K • K - l - MPA 
IF IKI 800,800,190 

780 PIIKJ • RIKoLSZJ/RCK,KI 
(TEMP• K - 1 
IF IITEHP .EQ. 01 GO TD 800 
OD 790 J • 1, (TEMP 

790 RCJ,LS2J • RIJ,LSZI - PIIKJ•RCJ,KI 
800 CONTINUE 

IF IIVAR .EQ. 0 .OR. IVARJ .GE. 0 .OJl. SLAM .LT. 1.1 GO TO 1000 
OD 810 J • 1 • l 
IF IDABSIPIIJII .LT. 1.E-41 GO TD 810 
TEMP• OPIIJI/PIIJI 
IF IOABS(TEMPI .LT. 1 •• ANO. OABSCOPl(JIJ .GT. 1.E8J GO TO 180 
IF IOABSITEMP - 1.1 - ONINI 810,810,1000 

810 CONTINUE 
IF INEG .GT. 01 GO TO 200 

C 
C PREPARE RANKING OF INVARIANTS 
C 

IF IMS .LT. Mll GO TO 860 
00 850 K • Ml, HS 
I• INR(KI 
IF IVIII .eo. 0.1 GO TO 820 
ALNIKI • O. 
GO TO 850 

820 IF INOCII .EQ. 1J GO TO 830 
ALN(KJ • -l .E8 
GO TO 850 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

830 ALNCKI • -GVIII 
00 840 J • 1, l 

840 ALNCKI • ALNIKI + All,Jl•Pl(JJ 
ALN(KI • ALNIKI/ASUM(KI 

850 CONTINUE 
IGEN • .TRUE. 

C CHECK IF ANY NON-INCLUDED CONDENSED MIXTURES Will LOWER THE 
C VALUE OF THE TOTAL FREE ENERGY 
C 

860 00 870 N • 1, MPA 
M • IFASINI 
CALL XBERIMI 
00 870 I• MA, MB 
IF ILXIII .OR. NOIII .LT. l .OR. Y(II .GT. O.I GO TO 870 
IF (YTOTIMl'.-,FCII - l.E-81 870,870,530 

870 CONTI NUe 
If IMPS .GT. MPCI GO TO 940 
00 880 N • MPB, MPC 
CALL XBERIIFASINII 
YFTOTCNI • O. 
00 880 I• MA, MB 

880 YFTOTINI • YFTOTINI + YFIII 
IF IIFASIMPBI .ea. 11 YFTOTIMPBI • YFTOTIMPBJ/PTOT 
NR • 0 
IF ING .ea. 11 GO TO 900 
N114 • NG-1 
00 890 N • 1, Nll4 

890 If INSUMINGI .ea. -NSUMINIJ NR •HR+ l 
900 TEMP • l. 

00 910 N • MPB, MPC 
IF IYFTOTINI .LT. TEMPI GO TO 910 
ITEMP • N 
TEMP • YFTOTINI 

910 CONTINUE 
IF ITEMP .ea. 1.1 GO TO 940 
IF INR .ea. 01 GO JO 920 
NR•NR-1 
YFTOTIITEMPI • 1. 
GO TO 900 

920 NSUMINGI • -NSUMINGI 
M • IFASI (TEMPI 
YTOTIMI • 1. 
Nll5 • '4FCMI 
Nl16 • Ml.IHI 
00 930 I• Nl15, Nll6 

930 YIII • YFIIl•BMAX 
GO TO 230 

940 IF IMS .LT. Mll GO JO 960 
C 
C THE SAME CHECK FOR INVARIANTS 
C 

TEMP • O. 
00 950 K • Ml, NS 
I • INRIKI 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

IF INOIII.LT.1.0R.ALNIKI.LT.TEMP.OR.Yll).Ne.o., GO TO 950 
ITEMP • I 
TE14P • ALNCKI 

950 CONTINUE 
IF ITE14P .eo. o., GO TO 960 
YIITE14PI • YHAXIITEHPI 
GO TO 210 

960 IF INONI GO TO 990 
00 980 N • 1, 14PA 
14 • lfASINI 
If . CHFC141 .NE. Ml.lHII GO TO 980 
14A • NFCMI 
DO 970 J • 1, L 
IF CAIMA,JI .EQ. AOIMA,JII GO TO 970 
NON• .TRUE. 
GO TO 170 

970 CONTINUE 
980 CONTINUE 
990 IVARJ • 0 

1000 DO 1010 J • 1, L 
1010 OPICJJ • PICJJ 

C CHECK FOR NEGATIVE CALCULATED AMOUNTS 
C 

SLAM • l. 
DO 1030 N • 1, 14PA 
114 • IFASINJ 
Nll 7 • MFCMI 
Nll8 • 14ll14J 
DO 1030 I• Nll7, Nll8 
IF IYIII .eo. 0.1 GO TO 1030 
TEMP• Fill - PIIL+NI 
DO 1020 J • 1, L 

1020 TEMP• TEMP - AII.Jl•PIIJJ 
Fl 11 • TEMP•YII J 
IF ITEMP .LT. SLAMI GO TO 1030 
IF IIVAR .LE. 301 SLAM• TEMP 
IF IIVAR .GT. 301 YIII • O. 

1030 CONTINUE 
IF (SLAM .GT. 1.1 SLAM• 0.999*1SLAM - 0.51/ISLAM•SLAMI 
IF (IDEAL .OR. SLAM .LT. FLAM+ 0.101 GO TO 10~0 
FLAM• AMINlCFLAM♦O.l0,0.751 . 
IF CIVARJ .LE. 0 .ANO. FLAM .GT. 0.251 FLAM• 0.25 
GO TO 1050 

l~O FLAM• SLA14 
C 
C CALCULATION OF NEW POSITIVELY-VALUED STARTING ESTIMATES AND 
C WITHDRAWAL OF SPECIES FORMED WITH AMOUNTS LESS THAN l.E-10 MOL 
C 

1050 NEG • 0 
IF (MSA .ea. 01 GO TO 1070 
00 1060 K • 1, HSA 
I • I SOLCKI 
J • L + 14PA + K 
IF CPICJI .LT. O.J NEG• I 
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(continued) 

IF IOABS(PJ (JI ).GT.OABS(Y( I JI .ANO.YI 1·11YNAX( I ).LT.-l.E81 GO TO 190 
1060 YIII • PIIJI 
1070 00 1090 N • 1, HPA 

M • JFAS(NI 
MA • HF(HI 
"8 • NL( Ml 
00 1080 I• NA, MB 
IF (VIII .EQ. O.) GO TO 1080 
YII) • YIII - FLAH•FIII 
IF (YII I .LT. l.E-10) YI IJ • O. 

1080 CONTINUE 
CALL ABER(MI 
IF (M .eQ. l .OR. YTOT(NI .Ge. l.E-81 GO TO 1090 
NSUM(NGI • -NSUM(NGI 
YTOT( NI • O. 
GO TO 230 

1090 CONTINUE 
IVAR • IVAR + l 
IF (IVAR .eo. 301 OMIN • 100.•0MIN 
IF (IVAR .EQ. 601 GO TO 180 
IF (IVARJ .GT. 0 .ANO. SLAM .LT. l.l IVARJ • 0 
IF (IVARJ .LT. 0 .OR. SLAM .LT. 1.1 GO TO 560 
IF (NEG .GT. Ol GO TO 200 
IVARJ • IVARJ + l 
IF IIVARJ .LT. 151 GO TO 1100 
IF ILIVARJI GO TO 1120 
LJVARJ • .TRUE. 
GO TO 550 

1100 00 1110 N • 1, HPA 
M • IFASINI 
Nll9 • HFIMI 
Nl20 • Ml.(MI 
00 1110 I• Nll9, NIZO 

, IF (VIII .EQ. O.J GO TO 1110 
IF IOABSIFCIII/Y(II - l.E-61 1110 1 1110,560 

1110 CONTINUE 
C 
C CALCULATION OF EQUILIBRIUM AMOUNJS FOR PREVIOUSLY WITHORAWN 
C SPECIES 
C 

1120 00 1150 N • 1, HPA 
M • IFAS(NI 
CALL XBER(HI 
IF INA .Ne. · HBJ GO TO 1140 
00 1130 J • 1, L 

1130 IF IAINA,JI .NE. AO(HA,J)I YIMA) 2 A(MA,J)/AO(MA,Jl•YIMAl 
1140 00 1150 I• MA, MB 

IF INO(I) .LT. l .oR. Yll) .Gr. o., GO TO 1150 
YII) • YTOTINl•YFII) 
IF (.NOT. LXII) .ANO. YII) .Gr. l.E-101 GO TO 540 
IF ILXlll .ANO. YII I .GT. l.E-81 GO TO 180 

1150 CONTINUE 
C 
C CALCULATION OF HYPOTHETICAL ~OLE FRACTIONS IN NON-INCLUOEO 
C CONDENSED MIXTUP.ES AND HYPOTHETICAL ACTIVITIES FOR NON-INCLUDED 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

C INVARIANTS 
C 

IF IMPA .EQ. NP) GO TO 1190 
00 1160 N • NP8, NP 
CALL XBER(IFAS(N)) 
YFTOTINI • O. 
00 1160 I • NA, MB 
AKTCI I • O. 

1160 YFTOTINI • YFTOT(Nl ♦ YFIJl 
IF ILYFTOT .OR. NP8 .GT. MPCl GO TO 1190 
IF IIFASIMPRI .EQ. ll YFTOTIMP81 • YFTOTIMPBI/PTOT 
00 1180 N • NP8 1 NPC 
IF IYFTOTINI .LT. 1.1 GO TO 1180 
N • JFASINI 
YTOTINI • 1. 
Nl2l • MFl"I 
Nl22 • Ht. I "I 
00 1170 I • Nl2l, Nl22 

1170 Yll) • YFlll*B"AX 
If INPA .GT. 11 YTOTIIFASINPAll • O. 
LYFTOT • .TRUE. 
GO TO 170 

1180 CONTINUE 
1190 IF l"S .LT. "11 RETURN 

00 1220 I• Ml, "S 
IF IMOOCNOlll,21 .EQ. Ol GO TO 1220 
IF IYCI) .EQ. O.) GO TO 1200 
AKTIU • l. 
GO TO 1220 

1200 TEMP • -GVCl l 
00 1210 J • 1, L 

1210 TE"P •TEMP ♦ ACl,Jl*PIIJI 
If IOABSITE"PI .GT. POTMI TE"P • SIGNIPOTN,TENPI 
AKTII) • OEXPITE"PI 

1220 CONTINUE 
RETURN 
ENO 
SUBROUTINE ABERINI 
DOUBLE PRECISION A,AKT,AKTF,AO,B,OAKTF,G,PlePTOT,T,Y,YF 
CO"MON Al80,12),AKT1801,AKTF1801,AOC80 1 121,8Cl2,25l,OAKTFC801, 

•Gl80),JELl12),LeMfllOl,Ht.llO),MP,MS0 NP 1 P112~l,PTOT,T,Yl801,YFl801 
DOUBLE PRECISION POTN,RINV,V,YTOT 
CO"MON /SGAX/ MA, M8, NOC80l, POTM, RINVe Ve YTOTC91 

C 
C CALCULATION OF ACTIVITIES FROH MOLE FRACTIONS 
C 

YTOTC Ml • O. • 
00 10 I• MA, MB 

10 YTOTIMI • YTOTIMI ♦ Ylll 
IF IYTOTIMI .LT. l.E-8l RETURN 
IF IM .GT. 11 GO TO ZO 
IF IV .GT. O.l PTOT • J•YTOTlll/llOl.325*RINV*VI 
YTOTlll • YTOTlll/PTOT 

ZO 00 30 I• MA, MB 
30 YFII) • YIII/YTOTIMI 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

CALL FACTOR (10 
DO~ I• HA, H8 

♦0 AKTII) • AKTFlll•YFIII 
RETURN 
END 
SUBROUTINE XBERCH) 
DOUBLE PRECISION A,AKT 1 AKTF,A0,8,0AKTF,G,Pl,PTOT,T,Y,YF 
COMMON Al80,12) 1 AKTl801,AKTF(801,A0(80,12),B(l2,251,DAKTFl80), 
•Gl801,IELl121,L,MFllOl,14lllOl,HP,MS,NP,Pll2♦ 1,PTOT,T,Yl80l,YFl801 

DOUBLE PRECISION POTH,RINV,V,YTOT 
COMMON /SGAX/ MA, MB, NOIBOI, POTH, RINV, V, YTOTl9l 
DOUBLE PRECISION OYF 
DIMENSION OYFIBOI 

C CALCULATION OF MOLE FRACTIONS FROM ACTIVITIES 
C 

MA • MFUO 
M8 • Ml.IHI 
00 30 I• MA, MB 
IF (YTOTCM) .EQ. -1 • • ANO. NOii) .EQ. -1) GO TO 10 
IF (NOii) .LT. 1 .OR. VII) .GT. O.) GO TO 30 

l O TEMP • -GI 11 
DO 20 J • 1, L . 

20 TEMP• TEMP+ All,Jl•PIIJ) 
IF (A8SITEMP) .GT. POTH) TEMP• SIGNIPOTM,TEMP) 
AKTII) • EXPITEMP) 
YF( I) • AKTCU 

30 CONTINUE 
I VAR • 0 

♦O IVAR• IVAR+ l 
IF IIVAR .ea. 60) RETURN 
CALL FACTOR(Ml 
00 50 I• ~A, MB 
IF (AKTll).EQ.o •• oR.AKTFll).EQ.1 •• oR.YFll).EQ.o., GO TO 50 
OYF II ) • YF II) 
TEMP• AKTFlll•YFII) 
YF(I) • YFII) - TEMP•OLOGITEMP/AKTll))/(DAKTFlll•YFIII + AKTFCJ)) 
IF (YF(I) .GT. 2.-0YF(f)) YFIII • 2.•0YFCI) 
IF CYFCI) .LT. 0.5•0YF(I)) YFCII • 0.5•0YF(I) 

50 CONTINUE 
DO 60 I• MA, MB 
IF (AKT(J).EQ.o •• oR.AKTF(l).EQ.1 •• oR.YF(J).EQ.o., GO TO 60 
IF IOABSIOYFIII/YF(J) - 1.1 - l.E-6) 60,60, ♦0 

60 CONTINUE 
RE TUAN 
END 
SUBROUTINE HETTA 
DOUBLE PRECISION A,AKT,AKTF,A01 B1 DAKTF 1 G1 Pl,PTOT,J,Y,YF 
COMMON Al80,12),AKT(801,AKTF(80),AOl80,121,Bll2,251,DAKTF1801, 

•Gl801,IELl121,L,MFl10l,MLl10),MP1 HS,NP,P112~),PTOT,T,Yl80l,Yf(801 
DOUBLE PRECISION C,HOM,TOM 
COMMON /CP/ C(B0,6,61, HOMl80,6l, NOM(801, TOMIB0,6) 
DOUBLE PRECISION Hf,S,XJ 
COMMON /SGHE/ Hf(80l,IINl251,IN,IOUT,KVAl.1 1 KVAL2,MIN,Sl80),Xl(BOI 
COM'4CIN /TEXT/ IDENTIB0,21 
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(continued) 

DOUBLE PRECISION HCT,HFT 
OIHENSION HCT(801, HFT(BOI 
CHAAACTER•5 IDENT 
GO TO 190,90 0 90,90,90,50,50,50,101, KVALl 

1 0 wa I TE I 6, 500 I 
00201•1,145 
READ 15,5101 Hf(JI, SCII, NOMCII 
NlZ3 • NOMI 11 
00 20 J • 1, Nl23 
READ 15,5201 (CCJ,J,KI, K • 1, 61, TOMCl,JI, HOMCl,JI 

20 WRITE (6,5301 CIDENTCl,KI, K • 1, 21, (CCl,J,KI, K • 1, 61 
WRITE 16,5401 . 
DO 40 I • 1 , 1"15 
If CNOMCI I .GT• 11 GO TO 30 
WRITE 16,5501 CIDENTCl,JI, J • 1, ZJ, HFCII, SCIJ 
GO TO 40 

30 WR I TE C 6,5501 C IDENTCI ,JI ,J•l ,2 I ,HFU I, SIi It TOl"IC J, 11,HOMC I, 11 
Nl24 • NOMI 11-1 
IF INOMCII .GT. 2) WRITE 16,5601 CCIDENTCl,KJ, K • 1, 21, 

•TOMCJ,JJ, HOl"ICl,JI, J • Z, NlZ41 
40 CONTINUE 

IF IKVAL2 .EQ. ZJ RETURN 
READ 15,5701 MIN, IIINCNI, N • 1, MINI 
READ 15,5201 TO 
WRITE 16,5801 TO 

50 IF (KVALZ .EQ. Z) RETURN 
00 60 I • l, MS 
ITEl"IP • I 
HCTIII • l.E-3•HEATCITEMP,TI 

60 HFTII) • HCTIJI • l.E-3•HFCJI 
DO 70 J • 1 1 L 
K • IELCJI 
DO 70 I• 1, MS 

70 HFTCIJ • HFTCIJ - ACJ,JI/ACK,Jl•HCTCKI 
00 80 N • 1, MIN 
I • JINCNI 

80 HCTIJI • HCTIIJ - l.E-3•HEATll,TOI 
RETURN 

90 HP • O. 
HR• O. 
DO 100 N • 1, MIN 
I • IININI 
HP• HP• HCTIIJ•XIIIJ 

100 HR• HR - HFT(ll•Xl(I) 
DO 110 I• 1, MS 

110 HR• HR ♦ HFTIIJ•YIII 
WRITE (6,5901 HP, HR, HP♦HR 

RETURN 
500 FORMAT(/l9X, 1 A1 ,lOX,'8',llX,'C',11X,'0',llX, 1 E1 ,llX, 1 F1 1 
510 FORMATIZEl0.0,121 
520 FORl"IATIBEl0.01 
530 FORMATllX, 2A5, fl2.3, 511X, Ell.411 
540 FORMAT(/l6X, 1 HF2~8•, 9X, 1 S298 1 , ax, •T TR•, ax, 1 H TR'I 
550 FORMAT(lX, ZA5, fl2.3, 2f12.lJ 
560 FORMATllX, ZA5, 24X, 2Fl2.l) 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

570 FORMU(40121 
580 FORMAT(/ 1 TO••• F8.2 1 1 K1 1 
590 FORMAT(/ 1 ENTHALPY OF. HEATING••• F9.2, 'KJ 1 // 1 ENTHALPY OF REAC 

•TION • 1 1 F9.2, 1 KJ'I/ • TOTAL ENTHALPY••• F9.2, 1 KJ 1 1 
ENO 
FUNCTION HEATCl,T) 

CALCULATION OF THE ENTHALPY DIFFERENCE BETWEEN 298 ANO T K FOR 
SPECIES I 

DOUBLE PRECISION C,HOM,TOM 
COMMON /CPI C(80,6,61, HOMC80,61, NOMCBOJ, TOM(B0,61 
IF INOMC It .ea. l .oR·. TOMCJ, 11 .GT. Tl GO TO 20 
HEAT• CPINT(298.1,,TOMCl,11,Cll,l,11,Cll,1,21,C(l,1,3J,Cll,1,~1,C 

• f I , l , 51 ,c I I , l , 6 I , o. , 0. , 0 • I 
N • NMCII - l 
DO 10 J • 1, N 
K • J ♦ l 
TEMP • TOMC I, Kl 
IF (J .ea. N .OR. TEMP .GT. Tl TEMP. T 
HEAT• HEAT• HOMll,JI • CPINTITOMll,Jl,TEMP,Cll,K,11,Cll,K,21,CII 

•,K,31,Cll,K,41,Cll,K,51,Cll,K,61,0.,0.,0.I 
IF (TEMP .ea. T) RETURN 

10 CONTINUE 
20 HEAT• CPINT(298.15,T,CCl,1,11,Cll,1,2J,C(l,l,31,CIJ,l,41,Cll,l,51 

•,Cfl,l,61,0.,0.,0.I 
RETURN 
ENO 
FUNC Tl ON SO (J , Tl 

C CALCULATION OF THE ENTROPY DIFFERENCE BETWEEN 298 ANO T K FOR 
C SPECIES I 
C 

DOUBLE PRECISION C,HOM,TOM 
COMMON /CPI CC80,6,61, HOM(80,61, NOM(80I, TOMCB0,61 
IF (NOM(II .ea. l .OR. TOM(l,11 .GT. Tl GO TO 20 
SO• CPINT(298.15,TOMCl,11,Cfl,l,21,CCl,l,41,0.,0.,C11,l,31,0.,CII 

• , l , 11 ,C I I , l , 5 I , Cf I , l , 611 
N • NOMfl I - l 
00 10· J • 1, N 
K • J + l 
TEMP• TOM(l,KI 
IF IJ .ea. N .OR. TEMP .GT. Tl TEMP. T 
SO• SO+ HOM(l,JIITOMfl,JI + CPINTITOMll,Jl,TEMP,Ctl,K,21,Cll,K,4 

•1,o.,O.,CIJ,K,31,0.,Cll,K,11,Cll,K,Sl,Cll,K,611 
IF (TEMP .ea. Tl RETURN 

10 CONTINUE 
20 SO• CPINTC298.15,T,Cll,l,21,CIJ,l,41,0.,0.,Cll,l,31,0.,Cll,l,1J,C 

• ( I , l , 51 , Cl I , l ,611 
RETURN 
ENO 
FUNCTION CPINTITO,Tl,CA,CB,CC,CD,CE,CF,CG,CH,CII 

C 
C CALCULATION OF THE CP AND CPIT INTEGRAL 
C 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

DATA OTD/0./, OTl/0./ 
IF ITO .EQ. OTO .ANO. Tl .EQ. Olli GO TO 10 
OTO• TO 
OTl • Tl 
T2 •TD+ Tl 
T3 • TO•Tl 
T4 • T3•T3 
TA• Tl - TO 
TB• TA•T2/2. 
TC• TA/T3 
TO• TA•CT2•T2 - Tll/3. 
TE• TBIT4 
TF • z.•CSQRTITll - SQRTCTOII 
TG • ALOGITl/TOI 
TH• TO/IT3•T41 
Tl• TF/SQRTCT31 

10 CPINT•CA•TA+CB•Tl+CC•TC+eO-TO♦CE•TE+CF•TF+CG*TG♦CH•TH♦Cl•TI 
RETURN 
ENO 
SUBROUTINE FACTORINI 

. DOUBLE PRECISION A,AKT,AKTF,AO,B,OUTF,G,Pl,PTOT,T,Y,YF 
CONNON A(B0,121,AKT(BOl,AKTFC801,A0(80,121,8(12,251,DAKTFl801, 

•Gl801,IEL(l21,L,NF1101,Nl.ll01,NP,NS,NP,Pll241,PTOT,T,Yl801,YF(801 
C 
C FACTOR IS A SUBROUTINE FOil THE CALCULATION OF EXPRESSIONS, 
C SUPPLIED BY THE USER, GIVING ACTIVITY COEFFICIENTS FOR SPECIES 
C IN NON-IDEAL NIXTURES OR STOICHIDNETRIC COEFFICIENTS FOR NON-
C STOICHIONETRIC SOLIDS. 
C 
C THE ACTIVITY COEFFICIENT EXPRESSIONS ANO THEIR OERIVATll/eS 
C WITH RESPECT TO THE MOLE FRACTIONS ARE INSERTED AFTER THE 
C STATEMENT NUNBER WHICH CORRESPONDS TO THE MIXTWlE NUNBER. MAXI-
C MUN ONE STOICHIOMETRIC COEFFICIENT IS Al.LOWED TO DEVIATE FOR 
C SOLIDS WITH VARIABLE STOICHIOMETRY WHICH ARE REGARDED AS SEPA-
C RATE MIXTURES ICF. CHEN. SCA. 1915, 8, 100-31. 
C 
C A SPECIES FOR WHICH THE ANOINT BECONES LESS THAN l.E-10 lfflL 
C DURING THE ITERATIVE PROCEDURE IS TEMPORARILY REMOVED FRON THE 
C CALCULATION. THE ACTIVITY FOR SUCH A REMOVED SPECIES IS CALCU-
C LATED BY USING THE LAGRANGIAN MULTIPLIERS ACCORDING TO EQN. 121 
C IN CHEN. SCR. 1915, 8, 100-J. 
C 
C DEFINE UPPER AND LOWER BOJNDS ON THE MOLE FRACTIONS IF MOLE 
C FRACTIONS FAR FROM THE EQUILIBRIUM VALUES CAN CAUSE EXPONENTS 
C OJT OF THE RANGE ALLOWED. RECOMMENDED EXPRESSIONI 
C IF CYFIII .GT. 2.J YFIII • 2. 
C 
C AKTCI) • ACTIVITY FOR SPECIES I 
C AKTFCIJ • ACTIVITY COEFFICIENT FOR SPECIES I 
C AOCl,JI • A DEVIATING STOICHIOMETRIC COEFFICIENT FOR SPECIES I 
C DAKTF(IJ • DERIVATIVE OF AKTF WITH RESPECT TO VF FOR SPECIES I 
C GIi) • CMUO/RTJ FOR SPECIES I 
C MFIMI • LOWEST SPECIES NUMBER IN MIXTURE M 
C MLIMI • HIGHEST SPECIES NUMBER IN MIXTURE M 
C MS• TOTAL NUMBER OF SPECIES CONSIDERED 
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SOLGASMIX PROGRAM (BATCH VERSION) 

(continued) 

C PICJ) • LAGRANGIAN MULTIPLIER FOR ELEMENT J 
C YCI) • AMOUNT OF SUBSTANCE FOR SPECIES I 
C VF I I) • MOLE FRACTION OR PAR TI AL PRESSURE FOR SPEC IE S I 
C CONSULT THE INPUT GUIDE FOR AN EXPLANATION OF THE FOLLOWING 
C VARIABLES: ACl,J), BCJ,NPI, IELIJl, L, NP, PTOT, T 
C 

GO TO 11,2,3,.,5,6,7,8,9), M 
l CONTINUE 

RETURN 
Z CONTINUE 

RETURN 
3 .CONTINUE 

RETURN 
• CONTINUE 

RETURN 
5 CONTINUE 

RETURN 
6 CONTINUE 

RETURN 
7 CONTINUE 

RETURN 
8 CONTINUE 

RETURN 
9 CONTINUE 

RETURl't . 
END 
SUBROUTINE SPEQUA 
DOUBLE PRECISION A,AKT,MCTF,AO,B,DAKTF,G,PI,PTOT,T,Y,YF 
COMMON AC80,l2J,AKT(80),AKTFC80),A0(80,l21,BCl2,25),DAKTf(80), 

•G(80J,IELC12),L,NF(lO),Ml(lOJ,NP,NS,NP,PIC2•t,PTOT,T,YC801,Yfl801 
C 
C SPEQUA IS A SUBROUTINE FOR THE CALCULATION OF QUANTITIES WHICH 
C ARE DERIVABLE FRON THE EQUILIBRIUM COMPOSITION. 
C 

RETURN 
ENO 

SENTRY ,. 
/ /FT06F001 00 DSN-JONES.WAT .LIST, OISP•( NEW, DELETE f, VOL•SER•VOLOll, 
// UNIT•SYSOA,SPACE•ll33,1500,l001,RLSE) 
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APPENDIX C 

Sample Output from SOLGASMIX 

DATA FILE 2 . . . . . . . . 70 

DATA FILE 3 . . . . . . . . 72 

DATA FILE 4 . . . . . 74 

DATA FILE 7 . . . . . . . . 76 

DATA FILE 8 . . . . . . . . 79 



70 

DATA FILE 2 

A copy of the computer print out of the Data File 2. This 
data file constitutes an equilibrium system obtainable from 
a reaction between 1 mole of c2H6 and 4 moles of H2o at 

1000°K. Initial guess composition would be generated by 
the program. 

OATA2 FILE 
J l l 9 

C lllo 1.0 o.o .,._ 0 
C2Hto 2.0 o.o 4.0 
C21t2 2.0 o.o 2.0 
CO2 1.0 2.0 1.1.0 
en l. 0 1. 0 o.o 
02 o.o 2.0 o.o 
H2 o.o o.o l.O 
H20 o.n 1.0 2.0 
C2H6 z.o o.o 6. 0 
C l .O o.o o.o 
l O 6 7 

l 
l 2 
• l 92JE+05 
.11 Al E+06 
.1697E+06 

-.39'55E+06 
- .ZOOH+ 06 
o. 
o. 
-. l 924E+06 

• 1092 E+06 
o. 

1 ooo. 00 
z 
1 
2 2 Z 

z.o 
.,._ 0 

l 4. 0 
10 
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OUTPUT FOR DATA FILE 2 

DATA2 FILE' 

F Ol!"llll A UNITS 
CH4 l.O o.o 4.0 
C2H4 2.0 o.o 4.0 
C2H2 2.0 o.o 2.0 
: 02 l .o 2.0 o.o 
:o l. O l. o o.o 
fJ2 o.o 2.0 0 .o 
H2 o.o o.o 2.0 
H20 o.o l .o 2.0 
CZH6 2.0 o.o 6.0 
C t.o o.o o.o 

COEFF z COEFF 
CH4 O.l92JE 0'5 
CZH4 O.llf31E 06 
C2H2 0.1697E 06 
CO2 -0.3955E 06 
co -0.2004E 06 
02 o.ooooe 00 
H2 o.ooooe 00 
HZIJ -o. l 924E 06 
C2H6 o.1ocne 06 
C o.ooooe 00 

T 2 1000.00 K 
p a l. OOOD 00 ATM 

x•/ '40L Y/'40L P/ AT"l ACTIVITY 
CH4 0.000000 00 0.669'HD-Ol 0,1555'10-02 o. 755590-02 
C 2H4 0.000000 00 0.9636lD-07 O.lOA691>-07 O.l08690-07 
:: 2H2 0.000000 00 0.1221<10-oq 0.3631'>20-lO 0.363620-lO 
CO2 0.000000 00 o.546060 oo 0.6159lD-Ol 0.6l591D-Ol 
co 0.000000 00 o. l38690 fll O.l56430 00 0.156430 00 
02 0.200000 01 0.510410-20 0.64J4l0-2l 0.643430-Zl 
➔ a 0.100000 01 0.534510 01 0.602870 00 0.602A7D 0() 
rf21'l 0.000000 00 O. l57.090 Ol 0.171550 00 O.l7l550 00 
::2H6 0.000000 00 O. l6944U-06 0.19l ll0-07 O. l9lll0-07 

C 0.200000 Ul o.ooooou 00 ().210040 00 

S TATE'1ENTS EXECUTED• l2134 
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DATA FILE 3 

A copy of the computer print out of the Data File 3. This 
data file constitutes a system containing CO, CO 2 , H2 , o2 and 
invarient Cat l000OK. The initial guess estimate was 
supplied as input data. 

DAfAl FILE 
3 I I 5 

co 
H20 
CO2 
H2 
02 
C 

6 5 It 
l 
l 2 

-.5127E+05 
-.43'HE+05 
-.9443E+05 
o. 
o. 
o. 

I 00 o. 0 
l 
l 
2 2 2 . ,~ 

1.0 
• 5 

1.0 1.0 o.o 
o.o 1.0 2.0 
1.0 2.0 o.o 
o.o o.o 2.0 
o.o 2.0 o.o 
1.0 o.o o.o 

.6500E+OO .1500E+OO .lOOOF.+O~ .tOOOE+OOO. o. 
10 
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OUTPUT FOR DATA FILE 3 

UATA3 FILE 

F Oll"IUl A UIIII TS 
co l • () l.O 0 .o 
H20 o.o 1 .o z.o 
CO2 l. 0 2.0 0 .o 
112 o.o C).Q z.o 
02 o.o z.o o.n 
C l.O o.o o.o 

COEFF 2 COEFF 
en -0.5lZ7E 05 
H 20 -0.4353E 05 
CO2 -0.9443E 05 
HZ o.oonoE 00 
fJZ o.ooooE on 
C o.ooooE 00 

T • 1000.00 K 
P • l.0000 00 AT"I 

X*/"IOL Y/'!Ol P/ ATM ACTIVITY 
en 0.000000 00 0.5640At) 00 0.564080 00 0.564080 00 
H2fJ 0.000000 no O. 640710-0 l 0.640710-0l 0.640 710-0 l 
CO2 0.000000 00 O.lA59ZO 00 O.lA5920 00 O. l 85920 00 
HZ 0.250000 00 O. l8 59 30 00 0.185930 00 0.185930 00 
02 0.500000 00 o. 336'5'10-05 0.336590-05 0.336590-05 

C 0.150000 00 0.000000 00 0.645250 00 

S TATEMEI\ITS EXECUTED• 4030 



74 

DATA FILE 4 

A copy of the computer print out of the Data File 4. This 
data file constitutes an equilibrium system obtainable from 
a reaction between 1 mole of c2H6 and 4 moles of H20 at 

1000°K. Initial guess composition is supplied as input data. 

OATA4 FILE 
3 l l q 

CH4 
CZH4 
CZH2 
cnz 
co 
oz 
H2 
H20 
C2H6 
C 
l O 6 7 

l 
1 Z 
.4610E+04 
.Z82'5E+0'5 
.4060E+05 

-.9461E+05 
- • 4 7'14E+05 
o. 
o. 
- • 4601 E+05 

.Z6l3E+05 
(). 

l 000. 00 
l 
l 
z z z 

z.o 
4.0 
14.0 

1. 0 o.o 4. 0 
z.o o.o 4.0 
z.o o.o 2.0 
1.0 z.o o.o 
1.0 l.O o.o 
o.o 2.0 o.o 
o.o o.o 2.0 
o.o 1.0 z.o 
z.o o~o 6.0 
l. 0 o.o o.o 

0 lOOOE-OZ .tOOOE-02 .tOOOE-02 .9'1JOE+OO .tOOOE+Ol .7000E-02 .5992E+Ol .tOOOE+Ol 
.IOOOE-020. 

lO 
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OUTPUT FOR DATA FILE 4 

DATA4 FILE 

FORMtA.A UNITS 
CH4 l.O o.o 4.0 
C2H4 2.0 o.o 4.0 
C 2H2 2.0 o.o 2.0 
C 02 L.O 2.0 o.o 
co l. 0 L.O o.o 
02 o.o 2.0 o.o 
H2 o.o o.o 2.0 
H20 o.o L.O 2.0 
C2H6 2.0 o.o 6.0 
C L.O o.o o.o 

COEFF 2 COEFF 
CH4 0.4610E 04 
C2H4 0.2~25E 05 
C2H2 0.4060E 05 
CO2 -0.9't6 lE 05 
co -0.4794E 05 
02 O.OOOOE 00 
H2 O.OOOOE 00 
H2n -0.4601E 05 
C2H#, 0.26l3E 05 
r. 0.00001!: 00 

r • L000.00 K 
p ,. L.0000 00 ATM 

X •I MOL Y /MOL P/ ATM ACTIVITY 
CH't 0.000000 00 0.347610 00 0 .4203 30-0l 0.420330-01 
C2H't o. oorioon ori 0.5L8l8D-02 0.626780-03 0.626780-03 
C2H2 0.000000 00 0.21'1550-02 0.265460-03 0.265460-03 
CO2 o.ooooon oo o.c;o93qn oo 0.6 l59LO-Ol 0.615"10-0l 
co 0.000000 00 O. llZl LO 01 o. ll5551J 00 0.135550 00 
02 O.lrJOOIJI) 01 0.2ZH10-04 0.274960-05 o. 7.74960-05 
HZ 0.700000 Ol 0.4't2l30 Ol 0.53't590 00 0.53't590 00 
HZO o.oooorio oo 0.1860l0 01 0.224910 00 0.22't9LO 00 
C2H6 0.000000 00 0.357600-02 o.432390-01 0.432390-03 

C 0.200000 Ol 0.000000 00 0.256060 00 

STATEMENTS EXECUTEOa 6717 
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DATA FILE 7 

A copy of the computer print out of the Data File 7. The 
system contains one gas phase containing 15 species and 5 
invarients. Initial guess composition is generated by the 
program. 

l EXAMPLE CF 
4 l 5 l 5 

52 
02 
NZ 
s 
S4 
56 
S9 
0 
so 
502 
503 
S20 
NO 
NOZ 
cuzs 
cu 
CU20 
cuo 
CUS04 
C lll.CU504 

l 2 316 
l 
l 2 

o. 
o. 
o • 

• 156JE+06 
.l445E+05 
.2427E+05 
.3727E+05 
.1977E+06 

-.6472E+05 
-.2990E+06 
-.2940E+06 
-. 1214E+06 

• 7777E+05 
.9'HJF.+05 

o. 
-.101r'IE+06 
- • 95't5 E+05 
-.6594E+05 
-.J'>46E+r'16 
- • 46 7JF • 06 

I 000. 00 
2 
I 
2 2 ? 2 
10.00 
20. 00 
75. 44 
20.00 

10 
I• 

INPUT TO SOlCASMIIX 

z.o o.o o.o o.n 
o.o 2.0 o.n o.o 
o.o o.o z.o o.o 
l. 0 o.o o.o o.o 
4.0 o. 0 o.o o.o 
6.0 o.o o.o o.o 
9.0 o.o o.o o.o 
o.o l.O o.o o.o 
l. 0 1.0 o.o o.o 
1.0 2.0 o.n o.o 
1.0 3.0 o.o o.o 
2.0 1.0 o.o o.o 
o.o 1.0 1.0 o.o 
o.o 2.0 1.0 o.o 
l. O o.o o.n 2.0 
o.o o.o o.o 1.0 
o.o l .o o.o z.o 
o.o l .o o.o 1.0 
1.0 4.0 o.o 1.0 
1.0 5.0 o.o 2.0 
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OUTPUT FOR DATA FILE 7 

lE'<A'l'LE IJf ll'fPIJT TO SIJLGASMIX 

FORMULA UNITS 
S2 2.0 o.o o.o 0 .o 
02 o.o 2.0 o.o o.o 
N2 o.o o.o 2.0 o.o 
s l .o o.o o.o o.o 
54 4.0 o.o o.o o.o 
S6 6.0 o.o o.o o.o 
S8 a.o o.o o.o o.o 
0 o.o 1.0 o.o o.o 
so 1.0 1.0 o.o o.o 
S02 1.0 2.0 o.o o.o 
503 1.0 3.0 0 .o o.o 
S20 2.0 1.0 O.::J o.o 
NO o.o 1.0 l .o o.o 
NO? o.o 2.0 1.0 o.o 
CU2"i l .O o.o o.o 2.0 
cu o.o o.o o.o 1.0 
CU20 o.o 1.0 o.o 2.0 
C UIJ o.o 1.0 o.o 1.0 
C USOlt 1.0 4.0 0 .o 1.0 
COO.CUS04 1.0 5.0 o.o 2.0 

COEFF 2 COEFF 
S2 o.ooooe 00 
uz o.ooooe 00 
NZ O.OOOOF 00 
s O.l563E 06 
54 O.l445E 05 
'i6 0.2't21E 05 
S8 O.J727E 05 
0 O. l8HE 06 
so -0.64 7ZE 05 
S02 -0.2890E 06 
S03 -O.Z940E 06 
szr:i -IJ.l2l4E 06 
NU O.HHE 05 
N02 0.9573E 05 
CU2S o.ooooe 1)0 
cu -0.lOlOE 06 
CU20 -0.'1545E 05 
cuo -0.6'i'14E 05 
CUSN -0.1946E 06 
CI.Kl. CU S04 -0.4671E 06 
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OUTPUT FOR DATA FILE 7 (continuation) 

r "1000.00 K 
i> ,. 1. 0000 00 ATM 

X•/P'Ol Y/'40l P/.Ul'I ACTIVITY 
SZ 0.500000 01 0.576070-06 0.120120-07 0.120720-07 
02 o. 100000 02 o. noo10-10 0.152990-11 o. 152990-11 
NZ 0.377200 02 0.111200 02 o.1CJ01t1to oo o. 7901t"t0 00 
s 0.000000 00 o. 35qz10-10 o. 7'52750-12 o.752750-12 
S4 0.000000 00 o. 122310-14 0.256310-16 0.256310-16 
S6 o. 000000 'JI) O.'t512l0-23 o.q49120-25 0.91t9720-25 
SA 0.000000 00 o. 114560-H 0.240060-33 0.240060-33 
0 0.000000 00 IJ.926040-llt 0.l91t060-l5 0.l91t060-l5 
so 0.000000 00 0.155790-04 0. 1261t60-06 0.3261t60-06 
S02 0.000000 00 o. 100000 02- 0.2095'50 00 0.209550 00 
503 0.000000 01) 0.225690-0lt 0.lt7291t0-06 o. It 729ft0-06 
S20 0.000000 00 0.1563't0-05 0.327620-07 0.327620-07 
~,n 0.000000 00 o. 45"6 70-08 0.952780-10 0.95278D-l0 
N02 0.000000 00 0.64A490-15 0.135890-16 0.135890-16 
C U2S 0.000000 00 0.147310-12 0.308700-14 0.308700-llt 

cu 0.200000 02 0.200000 02 0.100000 01 
C tJ20 0.000000 00 0.000000 00 O. 336320-l l 
cuo 0.000000 00 0.000000 00 0.182390-07 
r.US04 0.000000 00 0.000000 00 0.557"90-12 
r. l.'11.CUS04 0.000000 00 0 • 000000 00 0.229260-19 

STATEMENTS EXECUTEOa 69!354 



DATA FILE 8 

A copy of the computer print out of the Data File 8. This 
data file constitutes equilibrium systems obtainable from 
reaction at 1000°K between one mole of c2H6 and 4, 3, 2, S 

and 6 moles of H2o respectively. Initial guess composition 

would be generated by the program. 

ETHANE-STEAM SYSTEM, l'10LE F.THI\NE,STEA"I VARIES BETWEEN Z ~NO 6 1'10LES. 
3 l l CJ 

:H4 t.O O.O 4.0 
:ZH4 2.0 o.o 4.0 
C2HZ 2.0 O.O z.o 
CO2 1.0 z.o o.o 
CO l.O t.O O.O 
oz o.o 2.0 o.o 
HZ 0.0 O.O 2.0 
H20 O.O l.O Z.O 
CZH6 2.0 O.O 6.0 
C L.O 0.0 0.0 
l O 6 7 

l 
l 2 
.1923E+05 
.ll81E+06 
.l697E+06 

-.3CJ55E+06 
-.2004E•06 
o. 
o. 
-. l<J24E+06 

• l OCJZE+06 
o. 

2 
5 

1000.00 

7. l l 
2.0 
lt.O 
14. J 
10 

1.0 
l2.0 

2.0 
LO.O 

5.0 
l6.0 

6.0 
18.0 



80 

OUTPUT FOR DATA FILE 8 

E TltANE-STFAM SYSTE'4, lMOLE ETHANE,STEAM VARIES !IETWEEN 2 AND 6 MOLES. 

FORMUlA UNITS 
C:114 l. 0 o.o 4.0 
C2H4 2.0 o.o 4.0 
C2H2 z.o o.o 2.0 
CO2 1.0 2.0 o.o 
co 1.0 l.O o.o 
02 o.o z.o o.o 
HZ o.o o.o 2.0 
1120 o.o l. 0 2.0 
C2H6 2.0 o.o 6.0 
C l .o o.o o.o 

COEFF 2 CUEFF 
CH"- 0.1923E 05 
C 2H4 O.llRlE 06 
C2H2 O. l6'HE 06 
CO2 -O.l'155E 06 
co -o.2001te 06 
n2 o.ooooe 00 
HZ o.ooooe 00 
H20 -O.l924E 06 
C2H6 0.1092E 06 
C o.ooooe 00 

T : l'l00.00 K 
p " l.000000 ATM 

x•I MOL Y/!'10L P/AHI ACTIVITY 
CH4 0.000000 00 0. 669'1 tn-O l o. 755590-02 o. 755590-02 
C 21-44 0.000000 00 0.%3610--07 0.108690-07 0.108690-01 
C 7H2 0.000000 00 0.322390-0'J 0.363620-l0 0.363620-10 
CO2 0.000000 00 o.~46060 oo 0 .615'110-01 0.615910-01 
co 0.000000 00 o.138690 01 O. l56430 00 0.l56430 00 
02 0.200000 0l O. 5704 7D-20 0.643430-Zl 0.6't3'tl0-2l 
H2 o.700000 Ol 0.5l't5l0 0l 0.60287D 00 0.602870 00 
HZO 0.000000 00 0.l52091l 0l O. l 71550 00 0.171550 00 
C 2Ht. 0.000000 00 0.l694't0-06 O.L•H ll0-07 O. l9lll0-07 

C 0.200000 Ol 0.000000 00 0.210040 00 

' " 1000.00 K 
p " 1.0000 00 ATM 

X•/MOL Y/MOL P/ATM ACTIVITY 
CH4 0.000000 00 0.142650 00 O.l8't910-0l 0.184910-0l 
C2H4 0.000000 00 0.4498'10-06 0.583lfi0-07 o.583160-01 
C 2H7. 0.000000 00 O.l42460-08 0 .1846 71)-09 O. l84670-09 
CO2 0.000000 00 0.34l1!11l 00 o. 4't3031l-Ol O.ftltl030-0l 
co 0.000000 00 O.l5l560 Ol 0.196450 00 o. l 96450 00 
02 O.l5000D Ol O.l62860-20 0.211100-21 o. 211100-21 
H2 0.600000 Ol 0.49l380 Ol 0.636940 00 0.636940 00 
H20 0.000000 00 o. 8008 70 00 o.101a10 oo 0.103810 00 
C2Ht<, 0.000000 00 o. 83 5 780-06 O. l083't0-06 O. l 08340-06 

C 0.200000 Ol 0.000000 00 0.460510 00 
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OUTPUT FOR DATA FILE 8 (continuation) 

T "' L000.00 I( 

p .. 1. 0000 00 UM 

X*/MOL Y/MOL P/ATM ACTIVITY 

CHlt 0.000000 00 0.2691t80 00 O.lt32190-0l 0.432190-01 

C2H4 o.ooooon oo 0. l845 40-05 0.295980-06 0.295980-06 

C 2H2 0.000000 00 o.563290-08 0.903420-09 0.903420-09 

CO2 0.000000 00 0.151t540 00 0.247850-0l 0.247850-01 

r.o 0.000000 00 O. 1350 lO 01 0.21653D 00 0.216530 00 

02 0.100000 01 0. 339100-21 o.51t1a50-z2 0.54385D-22 

HZ 0.500000 01 0.412020 01 0.660800 00 0.660800 00 

HZO 0.000000 00 0.340850 00 0.51t6650-0l 0.51t665D-0l 

C2H6 o.ooooon oo o. 355680-05 0.57041t0-06 o. 57041t0-06 

C 0.200000 01 0.225900 00 0.100000. 01 

T "' 1000. 00 I( 
p .. 1.0000 00 ATM 

x•t~Ol Y/MOL P/ ATM ACTIVITY 
CH4 0.000000 00 0. 36 3620-0 l 0.366280-02 0.366280-02 
CW4 0.000000 01 0.288970-07 0.29lOA0-08 0.29108D-Oft 
C ZHZ 0.000000 00 0.103210-09 0.103960-10 0.103960-10 
CO2 0.000000 00 0.715210 00 o. 720450-01 O. 720450-0 l 
co 0.000000 00 0.124!!40 01 0.125760 00 0.125760 00 
02 0.250000 01 0.13524fl-19 0.136230-20 o. l36230-20 
HZ 0.800000 01 o. 5'>0610 01 0.564720 00 0.564720 00 
HZO 0.000000 00 0.232ll0 01 0.233820 00 0.233820 00 
C 2H6 0.000000 00 0.475960-07 0.47941t0-08 O. lt79440-08 

C 0.200000 01 0.000000 00 O.ll601t0 00 

T "' 1000. 00 K 
p .. 1.0000 00 AT'1 

x•/P'OL Y/MOL P/ ATM AC Tl VI TY 
CH4 0.000000 00 0. 216910-01 O. l 97970-02 0.197970-02 
C 2H4 0.000000 00 o. 106480-07 0.971830-09 o. '111830-09 
C 2H2 1).1)00000 00 0.406580-10 o.371080-ll 0.371080-ll 
CO2 0.000000 00 0.852740 00 o. 778290-01 o. 778290-01 
co 0.000000 00 O. ll2560 Ol 0.102110 00 0.10273D 00 
02 0.300000 01 0.26l030-1'1 0.238240-20 0.238240-20 
>-12 0.'100000 01 o.578770 01 0.528230 00 o.528210 00 
HZU o.ooooon oo o. 316900 ·01 0.289230 00 0.289230 00 
C ZHf, 0.000000 00 O. l640'iD-07 0.149 730-08 0.149730-08 

C 0.200000 01 o. 000000 00 O. 716820-0 l 

STATEMFIIITS EXECUfEOs 4533'1 
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