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CHAPTER I
INTRODUCTION

1,1 FIFLDS OF APPLICATION

Chemically reacting systems comprised of the elements
carben, hydrogen, oxygen, and nitrogen are encountered in many
industrial processes. In some processes 80lid carbon isg present
and the gas phase may be comprised of some or all of the elements
C, H, 0, and N, and in some c¢ther processes it is important to
determine whether or not solid carbdn will be present. Therefore,
in such processes we conirent a heterogencous CHON systam at a
wide range of temperatures and pressures. Under moderate con-
ditions, nitrogen will be present as an inert component in the

| 4

gag phace. Tor proper design of these indusirial processas and

{2

analysis of experimental date, engineers require knowledsge of
the limits get by equiiibrium, though equilibrium is seldom

achieved., Some of the important process areas in which CHON
system 1s encountered are gusification, combustion of carbon-

acecus fusls, waste conversion, fuel cells, hydrogen production,

and chemical synthesis processes (3, 4).

1.2 LITERATURE REVILY

Cairns and Pevebaurh (4) considered, the simpler, CHO systen,
al atmospheric pressure and for a wide range of temperatures from
K. fthey shoewed that the six species of prime
iﬁporﬁ&nca {thermodynamically more stable) are solid C, H?. co,

s

CHh’ H?G, and CO,. This system has thiee degrees of freedonm and



therefore three intensive variables must be specified. They
chose temperature, pressure, and the elementzl ratio 0/H of the
system under consideration. For thic system, they presented
gas phase compositions in equilibrium with solid carbon for O/H
ratios ranging from 0.026 to 4.5, and carbon deposition boundar-
jes. The carbon deposition boundaries were presented on trian-
gular coordinates in terms of atom percent of the elements in
the gas phase and are very informative and easy to use for
practical design calculations. They also presented log-log
piots of equilibrium compositions against 0/H ratio for several
temperatures which illustrate the trends. The method of cal-
culation employed by them was algebraic solution of nonlinear

equilibrium constant and material balance equations.

After this present study was initiated, Baron et al., {2}
published the results of their investigation of the basic gasi-

fication systenm consisting of water, hydrogen, and oxygen in the
presence ¢f excess solid carbon. Their results include equili-~
brium gaé composi%ion, gas heating value, reactor energy balance,
and mcles of product gas per mole of carbon reacted. The resulis
are tabulated for temperatures ranging from ?6.40 F to 25@00 r,
pressures ranging rrom 1 to 100 atmospheres, and for H/0 ratios

3. They have also presented rectangular and semi-

",

of 1, 2, and
logarithmic plots of equilibrium compositions as functions of
pressure, lemperature and H/0 ratic which ére illustrative of
trends. They have also considered equilibrium of a coal gasi-
fication system in which HZD and a nitrogen-ouxypgen mixiure ara

need,  For thls syestem, thelr results are included for NS0



ratios of gaseous reactant ranging from 0.25 to 3,76 for a
specific case of overall O/H ratio of unity. Their method of
calculation applies trial and error solution of equilibrium

constant equations and material balance equations,

1.3 OBJECTIVES

Thus the CHON system has not been studied over the full
range of values of the parameters. Carbon depozition boundaries
ére avallable only for atmospheric pressure and in the absence
of nitrogen.

The objectives of this work have been:

(1) to derive and use the general technique of heterogencous

complex chemical equilibrium calculations based on frec energy

=

minimization, and
2)

(

boundaries Ffor the CHON system, for a wide range of parameier

to provide equilibrium compositions and carbon depositic:

values. For the results pressnted, temperatures range From

o
500 to 1500 K, pressures range from 1 to 25 gtm., overall 10
elemental ratios range from 0,01 to 10, and overall }¥/0 elemental

ratics range from 0 to 20.

1.4 CARBON DEPOSITION BOUNDARIES

The purpose of the carben deposition boundaries is to enable
one to predict whether or not solid carben will form in a given
syetem, at equilibrium. The convenient and iInfermative way to

set of triangular

=

present these for the ternary GHO system is ¢

coordinates, Tiret used by Cairns and Tevebaugh (4). For the



CHON system at the pressure, P, and temperature, T, the knowledge
of ratics of C, H, O, and N in the system is sufficient to
determine whether or not carbon will form from the given react-
ants. Since N2 is considered to be present ag arn inert, its
amount in the system can be used as =z parameter, and the CHO
triangular coordinates can be used also for the CHON system.

CHO triangular plots require inert-free percentages of the
atoms of C, H, and 0. To prepare a carbon depcsition boundary,
the gas-phase compositions in equilibrium with carbon should be
converfed to elemental percentages and plotted fcr various 0/H
ratios for a particular set of values of P, 7, and N, N/O
ratic, (The four variables namely P, T, 0/H, and N/0 are the
degrees of freedom chosen for this system and shall be discussed
in section 2-2.) The resulting plot is the carbon deposition
boundary corresponding to P, T. and N . Above the carbon deposi-
tion boundary, solid carbon is present and below the boundary,
solid carbon is absent. Carbon deposition beundsries shall bve
presented for various values of the parameters P, T, and h .

In order to utilize these boundaries, the inert-free C, H,
and O atomie percentages of the total reactant mixiture of the
given CHON system should be-plotted as a point on the triangular
disgram of the corresponding P, T, and 1} . If this point is
above the carbon deposition boundary, e€.g., the point U in the
Plate 1, +then the system at equilibriuvm shall contain solid
carbton and the gas phase of ineri-free composition corresponding
to the point V. The relative amounts of the z0lid carbon and

the gag phase altoms ave given by the lever arm rule, fThis is



(a1

valid because any point. such as U, can be considered a mixture
of solid carbon and a gas-phase whose C, H, and O percentages
are represented by the carbon deposition boundary. It ghould
be remembered that the triangular CHO plots are prepared on the
basis of atom percentages, hence the lever arm rule provides
the ratic of numbers of atoms.

The following additional information can be obtained from
such plots:s

The effect of varying the hydrogen or oxygen content of any
system containing carbon as in hydrogenation or oxidaticn can
also be determined by the use of triangular CHO diagram. For
example, if a hydrocarbon whose composition is given by the point
HC in Plate 1 1s oxidized,; the overall composition of the
regetion mixture moves from HC towards 0, the exact coordinates
depend upon the amount of oxygen (or alr) added. At W, the
system has solid carbon and gas phase of CHO composition given
by X. The point ¥ represents the minimum amount of oxXygun which
must be added to the system so that solid carbon does not form
at equilibrium. Pozition Z corresponds to state of complete
oxidation or combustion when only C02 and H20 are present, at
equilibriun, |

The triangular diagram may alsce be used to show those CHO
composition repgions where Iree oxygen, free hydrogen, and solid
carboen are present as major specles at eguilibrium, as shown in
tne Plate 2. in the central region bounded by the above
arcas, the five most important gaseocus species, H2, co, "4,
.0, and GOZ, are present in varying amounts, and solid carbon
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may or may not be present depending upon the location of the
carbon deposition boundary. The zones are indicated in the
plate. The central region is the most important and this work

relates to that region.



CHAPTER II
THERMODYNAMIC CONSIDERATIONS

2.1 THE SYSTEM

This work is concerned with a system in which the feed is
comprised of the elements Carbon, Hydrogen and Oxygen with
. Nitrogen, or any other inert gaseous species designated "I" ("I"
may be composed of one or more elements). This system has been
called CHCN, or, in general CHOI. For this CHON system thermody-
namic equilibrium shall be considered at the given conditions of
temperature and pressure in the presence of excess solld carbon
-(assumed to be graphite). Approximate estimation of the relative
abundance of various molecular species comprised of the elemenis
C, H, 0, and N at equilibrium can be obtained from the relative
magnitudes of their equilibrium constants‘of formation. By
consideration of these data, which indicate the relative im-
portance of more stable specles, Cairns and Tevebaugh have shown
that only solid € and the gas phase consisting of H,. CO, CHy,

H,0, and CO, need to be considered for the CHO system. For the

2
CHON system, the gas phase contains the additional inert specles,

N The other specles, e.g. 02. Nitrogen compounds, and hydro-

o
carbons of higher molecular weight are less abundant by about
5 to 6 significant figures at atmospheric pressure for a full
range of temperatures. Higher pressures faver higher molecular
welght hydrocavrbons when the hydrogen partial pressure is high

which occurs at high temperatures. Even then, their relative

concentration is low encugh so ag not to warrant the need for
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their inclusion in equilibrium calculation, as shown in Chapter V.
On this basis, only seven species were deemed to be important,
namely, C {solid), N,, Hy, CO, CH;,, H,0, and CO,; they are

numbered 1 through 7 respectively.

2.2 PHASE RULE

The phase rule provides the information regarding the
nunber of intensivé varizbles (called variance or degrees of
freedon) that need to be specified in order to find or fix the
values of intensive state properties of the individual phases in
equilibrium. The degrees of freedom, F, of a aon-reactive
system of P phases‘involving C components is glvern by Gibbs
phase rule, Danbigh (10):

) P=C+ 2~ P

For a resctive system involving N total chemical specleu
and having R independent reactions, the number of components, in
the sence of phase rule, ¢, is given by:

C=N-R-S
where S is the number of additicnal restrictions (10). C can
also be termed as the number of independent compunents of a
reactive system and it ig equal to the rank of the formula matrix
of the system (1).
For the CHON system $S=0, P=2, N=Y7, and G ig found to be

four from the following formula matrix Eaji]s
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Element Formula ¢ N2 H2 ce CHLF HEO CO2

Subscripts j i 1 3 Iy 5 6 7
C 1 b 0 0 1 1 0 X
H 2 0 0 2 0 b 2 0
0 3 0 0 0 1 0 1 2
N 4 ol 2 0 0 0 0 o

The rank of this matrix is four, therefore C=lI, R=3 and by the
phase rule F=4. The CHO system, as considered by Cairns and
Tevebauzh (4),‘possesses three degrees of freedom. They selected
. temperature, pressure, and overall elemental ratio O/H as varia-
bles to be specified. For the CHON system, for the additional
degree of freedom, the elemental ratio N/O of the system was
zelected. The Ffour degrees of freedom are designated by T {(“K3,
P (ATM), w (O/H), and N (N/0). Therefore, at a given temperature
and pressure, the gag-phase compositions of a CHON system con-
taining solid carbon will be determined by the elemental ratiocs

B and ® and will be independent of the chemical identity of the

reactant materials.

2.3 PROBLEM AND METHOLS OF SOLUTION

The problem here is to determine the gas-phase compositions
of the CHON system under the given values of all the four degrees

¢f freedom.
The two standard methnds of calculation of chemical eguilibria
aret

(1) solution of equilibrium constant and material balance
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equations, by reducing them to a single polynomial equation as
used by Cairns and Tevebaugh (4) or by a trial and error method
without reducing to a single polynomizl, as used by Baron et al.
(3):
(2) Minimization of free energy of the system. This method is
very general and can be applied to homogeneous as well as to
heterogencous complex chemical equilibrium problems. The free
energy of the system needs to be minimized with material balance
constraints. White, Johnson, and Dantzig (11) have explained
this method for a homogenecous gas phase equilibrium problem,

In this work, the second method has been used to find the

‘state of minimum free energy.

2.4 FREE ENERGY MINIMIZATION

The state of thermodynamic equilibrium of a system is one
that has the minimum Gibbs free energy, G, which is a nonlinear
funetiocn of mole fractions in a mixture. Thus, for the given
input materials in the system, the prcblem of determining equili-
brium state reduces to a nonlinear optimization problem with
atomic balance (mass balance) constraints. The computational
method of locating the state of minimum G is based on an itera-
tive procedure which is generated by applying the method of
steepest descent, first described by White, Johnscn and Dantzig
(11).

For the CHON system consisting of solia €, N,, H,, €O, CH,,

H.C0, and C0, at given values of the four degrees c¢f freedom, let
o 2 £ £

Pye Npe 0 v oy Dy be the mole numbers of the species respectively.
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The totzl Gibbs Free energy of the system can be written as

G >Z M (2-1)
= L n. . -
i=1 17 a
+ Z (M5 + RT1n T.) (2-2)
=gy v Eong UMY I3 :
i=2
where,
5 o B "
My = M7+ v (P -1) (2-3)

Even at very high pressures, the product ¥ (P-1) is negligibly
small compared tu other terms in the expression for G and can

be neglected and thus the chemical potential of solid carbon may
be regarded as constant. Secondly, if the gas mixture is assumed
to be an ideal solution, i.e. where the Lewls and Randall Rule
applies, the Ffugaclty of a component in the mixture can be

written as

s
bty sty 2Sis? (2
Thus,
O
n., f4 4 n
J._ 1 er e ,,._)1,_ L ‘_(")
e T e .(c, + In (25
& TR RT iiz nl( 1 n )
where,
7 ;
n= ¥ n _ (2-6)
i=2
And,
b . ‘
¢y = ﬁﬂ In £, + 25187 (2-7)

For the CHON system, some simplificatien can be made in the
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objective function. It cén be shown (Appendix B) that the
position of the minimum in G or g is unaffected by the choice
of reference state for NE. However, it is convenient to choose
the elements in their standard states at the temperature of

the system as the reference state. Then, at moderate pressures

My = PE % @ (2-8)
And,
M= 8G3 = -RTInkKi i 25357 (2-9)
Therefore,
7 n.
g = & n,{c, + 1n T% ) (2-10)
i=2 :

where

iy
e

2<53 €7 (2-11)

-t
e

) &
., o= =1ln K7 + 1
cy 3 )

The concomitant mass balance constraintz can be described as

. o B ; w )
. aJl n, bJ {2-12)

i e RS B

1
Where j=1, 2, 3, and 4 for the elements C, H, O, and N respective-
ly. The symbol a., is the chemical formula coefficient ol the
jth element in the ith chemical specie. For the system under
study the Eajij matrizx has been written in section 2-2. 4nd,
bj ig the total number of atoms of jth element, irrespective of
the identity of the species in the input to the reactive system.
The case of j=4, i.e. nitrogen, is trivial since nitrogen is
not a part of the reactive system. The nitrogen atomic balance

b

=tz agnatant. In terms of by, b,, b,, and n,, the
2 2 d: 2 3 o

Ui

is simply n
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»

_values of the O/H ratio, @ , and the N/0 ratio,h , are:

w002
H b2 - (2-13)
o N e o (2-14)
0 by/2 by
If the inert species (i=2) is other than N,, then the expression

=

ritien above can be used to find | from a known mole number n,
which is fixed. In fact, any number of such inert spedies can
be handled in this manner by simply classifying all inerts as a
single pseudo-element. If the inert specie involves one or more
"of the elenents from C, H, and 0, then bl' bz. and b3 are not
the total number of the atoms ol the resﬁective elements in the
systar, but are only those atoms which are commutable in the
reactive system.

The objective function to be minimized can be modified by

incorporating Lagrasian multipliers, ﬂj'S, with the mass Dbalance

constraints
F % ( Z b. ) (2 15)
- b . - 5 » n, + ] = ‘
ST T BT i
or,
! (an k%42 R : )
= 3 ¥ - 2 f. + Sy + : - i3 e ¥ v
F 122 n, n Ky + 1In £, n j:l Wj ( iilaJl ny bJ.
(2~15a)

The minimum in F is found by setting the partial derivatives
orf F with respect to the ni'ﬁ equal to zero. Bince n, = constant,

we get 6 implicit drunscendental eguations from the relations:
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g =04 1lsisx7 (2-16)

And, there are 3 linear equations from the mass balance con-
straints. Thus, 6 mole numbers and 3 Lagrangian multipliers,
a total of 9 unknowns can be uniquely determined by the 9 avail-
able equations. 1f n is trgated as an additional unkrnown, the
relation n=.2? n, must be considered as the tenth equation.
i=2

A set of implicit transcendental equations can not bhe aclved
easily. Therefore, a different technique is necessary for cal-
culation. An iterative procedure based on the method of steepest
descent (11) can be used with a digital ceomputer. The physical
constraints that all ng > 0 must be Lorne in mind while caleul-
ating.

Although, the relatLM1g%;: 0 can not be used directly to
compute equilibrium mole numb;fs or ccncentrations, it can, how-
ever, be used to obtain z good estimate of mole number or mole

i

" . e o
fraction of trace gaseous species. The condition Sn.= O provides,
Li od

n, 3
4 I -
0 = N + 1n - szl Trj a’ji (2-17)

Therefore, aflfter n and ﬂj's have been found for a system comprised

.of the major species, the mole nunber of any trace specie i, is

given bw:

n, =nexp (5 o, a, =c. )
i jer 4 T i
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2.5 RELATION BETWEEN CHO AND CHOI SYSTEMS

Under most of the usual conditions of temperature and press-
ure, the effect of non-ideality of gas mixture is found to be
negligible (discussed in Chapter V). Thus we can replace £y by
P for all gaseous species. Then, the modified objective function

F can be written as

7 £ n. J 7
F= &n, (-ln¥, +nP+1ln—-=)+ Za, (~Xa, n, +Db,)
=g 4 & n j=1 9 gmy-dd 3 J

(2-18)
Considering first carbon, i=l, the condition %H_ra'provides
i

ﬂ330 since

- Ld L] A “l
For 3 € 1 &7, the conditions §%=x 0 and w; = 0 provide,
i
~-1n Kf + 1n ‘E' + In n - 10 Arns = T a = 0 (2,,,?())
i “"'n 1 2 "Zi 3 31 -

Unknowns: ' nq., nj.'nu, Ngr Ngy Nps Ny TMpy Mgy total 9.

Equations: 5 from equation (2-20), 3 mass balances, 1 from
equation (2-6); total 9.

Thug the syetem has a uniquersolution. The inspection of equaticn
{2-20) suggzests that the effects of the amount of inert and the
pressure cen be combined in the term P/n, even though, as re-
guired bty the phase rule, the CHON system has four independent
variabice. EBguation (2-20) and mass balance equations reveal

that the mole rumbers of the non-inerts are Tixed, when values

of bj“ﬂ, T and P/n are specified. Therefore, if NO is the $otal
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. number of moles of the CHC system (n2=0) at P, then the mole
numbers, for all CHON systems at T, having the same atomic inputs
bl' bz. and b3, and having inert moles n, such that the total

pressure P satisfies the relation,

P _ (2-21)

NU + nz

DZ !o*d

- shall be the same for all species except the inert.

Although, this relation exists, by which the effects of
the two variables can be combined, a quantitative relatizn be~
tween the total number of gas phase moles, n, and the moles of
"inert cannot be determined a priorj, otherwise the degrees of
freedom of fhe CHON system would be reduced by one. In other
words, the equation (2-21) cannot be used to generate data for
any arbitrarily chosen values of P and n although it may be
useful, in predicting the behavior of the CHON system in a

qualitative manner.
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CHAPTER III
MATHEMATICAL AND COMPUTATIONAL ASPECTS

3.1 GENERAL

In this chapter a general derivation of the method of
equilibrium calculations for a heterogeneous system consisting
of solid and gas phases is provided, using the method of steepest
descent. Then, the simplifications for the CHON system are made

and the computational aspects are discussed.

3.2 GENERAL NMATHEMATICAL DERIVATION

Here, a génerﬁl derivation shall be given for the iterative
procedure of locating the state of minimum G of a2 heterogeneous
system in which there are s pure solid phases in equilibrium
with (c-s) gaseous components (ineluding one inert speciss),
where ¢ is total number of components and m is total number of
reactive atomic species in the system. No component is assumed
to exist in both the phases.

The subscripts used are: i=1 to s for solids and i=s+l <o
¢ for gaseous components. Let the (st+l)th component be inert.
Since, inlaeneral. each solid phase may be composed of more than

one element let

0
}L' .
d; = E% * ﬁ% = «ln K§ i 1 <i<es (3-1)

Similarly, for gas phase components, recalling (2-11),

Iln fj = -1ln K§ + 1n fi } gtl < i <€ ¢ (2-11)

[}
]
=1
H
+
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The Gibbs Free Energy expression (like equation 2-5) can be

written as:

g & £ . 2y
e=grr= B ompdgt Zoonleg*ingy) (3-2)
where
c
i=s+

and the corresponding mass-balance constraints are

c .
s . = b, ¢+ 1< j< -
ifl aj; Ny = by <j<nm (3-4)

La..] is an m by ¢ formula matrix for the system. D(g41) 18

Ji
fixed,
The superscript v, number of iteration, applies to zll terms
2
which change every iteration, e.g., n., n, g, &, ( ag)' ( (4 i.)'
1 ani anian1
A v Aq» etc. The Taylor series expansion of g about ¥th )
iteration can be written as:
»+1 Y, E v, eg?¥ i % = v ¥ 3% ¥
g =g + LA (37) v+ 5 B L AN (e
ifs+l ifs+l L#s+1
(3-5)
where
v o v+l v .
&y = ng ng (3-6)
Therefore, the total change
L - C ¥
L SR A (3-7)
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The partial derivatives can be derived from (3-2) remembering

that cy is a function of T and P and di is a function of T only.

The superscript is removed temporarily for simplicity and general-

ity of the expressions.

For 1 £ i< s,

28

Bni

0

And, therefore,

2

e _,
anianL

For s+2 < i < ¢,

oy “i-g1 L i
9 - 2k
v anrter +
L = ny ( c, ¥ 1n )]

i)
> ( 1 1 )]
b ¢, . h,+*n dnn =-n n n
k=gtl ¥ kKK kK~ Tk ‘
k#i
n n. ¢
Gy # =1 S Ixin, “»dnn =4 B
i1 ns L n o |

k#1

n, (-

(3-8)

{3=5]

1
)



n c
= Wy + 1n i +1=-(n.+ % n,)/n
o j=stl
i#4
n;
= cy + 1n = Ai | (3-10)
Therefore,
2% _ A 9 e TR N | .
an? - on, - ani( In n ) = ny " n (3-11)
i
2% =0 for 1gg<s (3-12)
3nianL -
and for s+2 <1 < ¢
2
‘g _ 0 . W "
TR = SHI {1ln n, Inn ) 5 (3-13)

Using these expressions of second partial derivatives, the

last term in (3-5) becomes:

c c azg c & -
z T A, A —E— = & L A.A, —E&
T S S T ek b
ifst+l  LFs+l
y ¢ 5 o 2s_,
= A 5 —
j=gt2 L l=gtz + 90,97y
= g A, Lb, (% - Ly 3 by ( - + ) ]
j=g+2  * kB B 1=g+2 n
171
2 e
e Fa A
- i [ S T A
= B ( n n l=g+2 1) (3-14)
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But,
C v C C
£ A= N L
l=g+2 1=g+2 * 1=s+2
V4]
= = +
n Bist1) BV Breel)
Y
=& = A (3-15)
Pherefore, (3-1L4) becomes
2 c
I A
isetz M4 noIEERE
» |
. £ b5 - )
i=s+2 4 n (3-16)

Now, using equations (3-2), (3-8), (3-10), and (3-16), (3-5)

changes to

5 v
s c &
AL N S Y R A R
i=1 i=g+l ;
3 U L)

I Ay A, 5 [ - ' o+ & ]

i=g+2 T de 2 .ny i=s+2 )
(3-17)

Introducing Lagrangian multipliers and ineluding mass balance

constraints in the objective function, (3-17) is modified to

m c V] .
2 a1, {( b, ~ £ a.. n, T )

-18
R IR B TS T -1

FU+J. - gu'i-l i

To minimize F i
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V41
%E,T;T=0 b lsicge
"1 ifstl (3-19)

Therefore, the following s relations hold for 1 < i < s,

m
d; = & . a., =0 -20
17 5 Ts Ay (3-20)

and (¢ - s - 1) equations for the reactive gas phase components
become, for

Y+1

v n, ntl ) g | (
o - I e~ + , M, @.. = 0 -21
Ay ( n; | v ok 5 243 3-21)

Since atomic balance euuations should be followed at all times,
4

there are m equations, for 1 < j < m

¥ V4]

L g..n., = b. -22
el a4 ny 3 (3 )
and, also
c
nv“' =n + >3 .v+l (3~273)
(s+1) i=st+2 c

Thus, equations (3-20) to (3-23) provide s + (¢ -8 - 1) + m+ 1 =

¢ + m, linear equations in (g+m) unknowns which are:

Y+l

ny l1<ic<ec ;
ifetl

v+l

n s and

" 1< ji<mn



By further algebraic manipulation, the size of the system of
linear equations required to be solved can be reduced, from

(c+m) to {m+s+l). The (m+s+l) unknowns are:

L 1<i<s ,

nu+l , and
v, l<j<m

j 23 =
From (3-21), solving for nf+l,. for gt2 < i < ¢,

V+l _  » ( ﬁiii‘ + g T, &cs = A? ) (3-24)
summing these over all i, s+2 < 1 € ¢, and using relation (3-3)
for iterations v and ¥+§% , we have

V41
»+1 L W n
(a7 = nggagy )= (00 = nggig) ) T
¢ m c v
+ £t (2 w.oa..)- =X B, (3-~25)
=gtz Lt j=1 4 I i=g+2
where
Bi = ny Al
1n b
= 4+ o -
n, (¢, +in—4) (3-26)

multiplying (3-20) by nf and summing over all i, 1 < 1i < s,

i Mm
pos
b4
Qs
1
i
pa
=
b

i:
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similarly interchanging the order of summation of 2nd term on

right hand side of equation (3-25)},

m c

m
c
Y 2 ma,, )= & w.,( & a.. n; )
NP SRR = T T LI I TR B S
(3-28)
-Since i = s+l . is the inert species, either a3, (s+1) = 0 for

all j, or, bj excludes the fixed number of atoms of 21l m atonic

‘species that appear in the inert. Thus, the mass balance con-

straints, for 1 < j £ m, can be written as:

8 c
a.. n, = & a,, n + I a,, n, (3-29)
=1 4t 1 =g+

Mo

b, =
R !

Addition of (3-25) and (3-27), and use of (3-28)} and (3-29)

provides:
n + nf’ d, = n n. + X m, b, - b % B,
e R L R s B N
(3-30)

Using (3-24) and remembering (3-29), (3-22) can be expanded for

l<j<m as

s c . v+l ' m Y 7
% a.. n?+l + L oa.. ( nﬁ e+ ¥ 5 Ay A, n. )
i:,,l Jl 1 i=S+2 Jl -— ny 1 l.:l L 4 1
= bj (3-31)
Using (3-26) and,
e y
rjl = b Ags Bys Ny ‘ (3-32)

j=g+2 - It

A
=

(3~31) can be written agy for 1 < j <
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m
8 c =
v+l v+l . 1 L r .
151 R 4 * ( nui=§+2 %51 B4 )+ 1=1 41 1
¢ Y
i=g+2

(3-20) and (3-30) can be rearranged to contain unknown terms on

the left hand side:

m n . Y- s C

Lo om, b, - *Lgﬁll n o ~n(s+1) + di n, + = B?

=1 4 4 n i=1 : i=g+2 T
(3-3¢a)

n

L mw, a,, = 4. l<ic<s (3-20a)

§=1 J J1 i

This forms the desired system of linezr eguations. The
(m + 1 + s) equations are (3-33), (3~30a) and (3-2Ca). Thersfore,
if the mole numbers of all the components of the system in the
input to the system or the initial guesses (satiefying the mass
balance constraints) are known, the values of Ty 1< J<m
nu+1: and n;)+l, 1 <1i< s can be found from the
(m + '+ l)‘linear equations mentioned above. Thén the use of

(3-24) shall enable finding the values of new mole numbers in

the gas-phase n;J+l,

By this step, new mcle numbers are obtained such that the

st2 € 1 < c.

total free energy of the system is reduced. Before, proceeding
to next iteration, it is necessary to check to prevent the possi-~
bility of negative ni's and to guarantee convergence of the
iteration scheme. ILet the computed changes in mole numbers,

v+ v . . . . . \
M. = n 1. ny s be direction numbers which indicate the "bastt

1s

i 1
direction of travel but not necessarily the "best" length of
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travel. Rather the distance traveled should be restricted to
some fraction A of the calculated travel. The value of A will
be chosen as the largest value that satisfies the two conditions:
(1) All n{u+l are positive, and

(2) The derivative %% does not become positive, that is the

minimum is not passed.

The derivation for the expression of %% is given below:

From the method of steepest descent, the Ai's and & are found,
and thus nf , A;, n¥, and & shall be treated as consiants
during the process of obtaining the derivative g%. Starting
with equation (3-2) for w+l iteration, and expanding it in

terms of »th iteration and X, the following expression results:

V+)
: s c n,
gv+1 = % 4, nf’+l ¥ B 5Pl f g, s ln_-ﬁ;iw )
=1 3 i=gtl * n
g & 4 5
= % d, (n, + 2B, )+ £ [ n e, +(n;+r4)
j=1 ¢ i=st2  t .
nt o+ A B,
e : +
moTha A 1* ey (o)
1n Astl) )
nY +rA

Differentiating with respect to A, we have:

»
967 L % a4 a + £ [ In—g—
0 . =] 11 <) ) n- + }LA



+ (n¥+AA ) 31 ( ln"—ig:h; )+ A ey ]
* 0 o (10 )
= % a, A + 5 A (c.+1n£:--i-ii)
i=1 1 i=g+2 1 g nY + A
+ i=§+2 ( n’{ + JLAi )--aa;: L 1n (nl.: + hﬂ:ﬁ)'-]
-2 (] g (n + a8, ) (3-34)

The last two terms in the above equation can be simplified to:

v
> . T AA, d
T s ARSI - 2 V-
‘e Y, v
=g+ 2 ng % hAi n“ + AD
c
= I A, ~A=A-A=0
j=g+2 1T
Therefore:
ag 8 g n?ifkai
5% = I di 4%_+ bX Ai ( cy + in "ﬁ—*-m“ ) (3-35)
i=1 i=g+2 n” + A

29

In the simplification of the expressions in the proof above, the

following relations have been used:

£3<g%1) = 6 and
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. .
z Ai g A g n)-’-{-l - ny
i=g+2

Thus, by meeting the conditions as explained before deriving

the expression for %%. we can find A, and thus ny +1:
V+1 v 5
N = . + R z i
n, ng Alhl l<i<e (3-36)

The iteration will be repeated until the convergence is obtained,

that is, e.g. the test of relative error is satisfied for all i:

L.

e
Ry

< § lgixge (3-37)

for a specified value of 6.

3.3 SIMPLIFICATIONS FOR THE CHON SYSTEM

The CHON system under study is a special case of the system
considered for the preceding mathematical derivation. For the

CHON system:

g =1
c =7
m= 3 (since N is net a reactiye atomic snecies)
a; =M = o (3-38)
R

Therefore equation (3-20) yields:

My =0 (3-39)

Besides, equation (3-33), for j=1, can be directly used to find

v+ P . T : .
the value of ny 3 explicitly, if Tor Ty, and n”+l are known.
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v+l 7 v )
R -
v V4]

Therefore, the size of system of linear equations reduces from

(s +m+ 1) = 5, as per general method, to 3 in this special case.
The simplified form of the 3 equations in the three unknowns,

T ﬂj. and n?+1. are written below:

for j = 2 and 3, from equation (3-33) -

' b, _ 7 v '
T, o+ T, o4kl o . B, S
52 "y 53 ™ ~ n b‘_J ig a,. B (3-41)

and, from (3-30a) -

n ‘ 7
o ks g T . B -
b2 ", b3 "y 5 n n, + .i B, (3-42)
n i=3
' . U+l Y - ] .
After obtaining Mo ﬂ3. and n from these three equations,
+1 Fekd

ig fourd from (3-40) and n; y, 3 £1<7, are found from

ny
(3-24), rewritten below:

V+1 3
V41 v i - W
0 = K] - + E » s & - A- -
ng n, ( > A o844 i ) (3-43)
F 128

The expression for 3y, equation (3-35), used in the second
condition to find the "best" length of travel during an iteration,

gets simplified to:

7 o+ A,
%%‘z z O, (eg +1n 1) (3-44)

i=3 4 ) np + A
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3.4 COMPUTATIONAL ASPRECTS

Qj and initial guess vectors

The execution of the iterative procedure, described in this
chapter, to calculate the equilibrium state, requires. the bj
vector and an initial guess of mole numbers of all species that
are present in significant quantities, namely C, N,, Hy, GO, GHM’
H20. and 602. We have to consider the following in choosing the
values of bj's and initial ni's. -

(a) Solid carbon must be present at equilibrium in the systemn.

To make sure of this, the magnitude of b; should be large.

(b) Since the aim of this work is 1o generate a set of equilibrium
data for the given values of the degrees of freedom, namely w and

n » the values of bj°s and n, must conform to the following:

Therefore, if b3 is assumed, then b2 is automatically found.

Similarly,'n2 is easily found from b3 and :

n = -gl &= = (3"46}

Thus bl' bz. bB’ and n, are fixed aftef assuming a reasonable
value of b3 {(e.g., 50) and a large value of b, (e.g., lxloﬁ).
(c) The initial puess for the other 6 components must satisfy
the equations (2-12), which deccribe the conservation of the
atomic species, Thus, there are 3 following relations for the

6 unknown mole numbers.



A3

+ n.+n.=5b

tn, +ong 7 1

2
2n3 + 4n5 + 2ng = b, (3-47)

na + n6 + 2n7 = b3

Therefore, by assuming the guess for Ny n5. and Ng, the guess

for the rest can be obtained, from (3-47),

. by -my -ng (3-48)
7 2
f o D2 7 4mg - 2ng | | (3-49)
3 2
I 2b, - b3 - n, - 2ng + ng (3-50)
1 2

(d) The assumed guesses of Ny n5. and ng should be such that
the calculated guesses n3 or n7 do not become zero or negative,
for the completc range of valueg of W, of interest.

As @ increases, bz decreases, therefore, if ns and ng are large,
n3 can become negative. Considering all these factors, the

3
following values were assumed:

- 5
bl 1l x 10
by = 50
ni = Ool



gL

If w> 2 = 0,004 and ng = 0.01

ln5

These values do not create problems upto a value of w ahout 1000,

Solution of Linear Algebraic Fguations

For this purpose the standard library subprograms, e.g.,
SIMQ, LINEQ, etc. can be used. However due to the circumstances
prevailing at the time this work was initiated, a subroutine had
to be prepared to solve linear egquations. This subroutine, called

"DETSIM", is used all through the work and is very efficient.

Positive Mole Numbers And Nesative 9dpg/3)

Condition 13 All mole numbers must be positive. After

calculating new mole numbers 1f any mole number n;}+l is negative,
then A mucst be less than unity. However, since the magnitude cof
A should be as big as possible, the value of n{j+l gshould be

very emall, close to zerc (it can't be zero, since the i-th
species ia significant and the expressions are logarithmic.).

If more than one species has negative mole numbers, then the

limiting value of M for condition 1, denoted by Ays is determined

by the species, i, whose mole number is such that it gives the

- : : L]
lowest value of A, As limited by this condition, let ny Lo
1x10-5nf + Then,

v+l " O -5
. = n, t ¢ = :
( n )l ng + Ay Ai 1x 10 - n;
Therefore,
n
Ay =0.99999 "ju“ (3-51)
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17 s v
where ‘ﬁi <0, T ergfore. the limiting value is determined by
ns:
the speclie whose -ﬁ; is minimum along among all those species

whose mole numbers were negative as calculated by the method,
Using this value of Al' mole numbers of all other species
(including those, whose mole numbers were positive as calculated
by the method) are caleulated. It should be noted that any
value of A will satisfy the mass balance constraints, since if

vil

v ; ) .
ni's and ng 's follow constraints separately, a linear combina-

. LV v+l vV
tion of those = n; + A (ni - ng )

= (1 - ) n’; + % nYtl

will also follow those constraints,

Conditicn 2+ Now, it is to be ensured that ( é&.) - is

négative so that the iteration is converging towards a minimum,
; £ 9 . .
If not, A 1s decreased by 10% and checked if ( 3 ’A=O.9kl& 0, It
not, it is decreased by another 10%; this is continued until
28 s : y

( 3% )A=kz<l1 < 0. Therefore, A, is the fraction of travel,
sugested by the method of steepest descent, to meet both these
conditions, and kz < Al.

Thus, now the iteration is complete in terms of approaching
the minimum with meaningful values of the mole numbers. The new

mole numbers are calculated by

v+l . w
ng U= ong ot Ay By 4

1A
e
1A
-Q
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QODVQTEQHQQ

Once the new mole numbers are calculated, the convergence
of the solution should be checked, i.e., the following should

be satisfied:

v+l v Y
n,

- n- l A-
i - 2.3 4 &
S = s < ) for 1 £1 <7
i i

b = 1 x 10'8 was assumed. IFf the condition is not satisfied, the
iteration is repeated until convergence is obtained. A maximum

limit of 125 iterations was specified.

Computer Frogram

-

The source program is provided in appendix "A" along with
the subroutine "DETIIM", used to solve a setl of linear equations,
and “"TRIANG", used to prepare the triangular graph for plotting

carbon deposition boundaries.

Precision

When the program was run with single precision, convergence
could not be achieved even in 100 iterations in some cases. The
problem was remedied by the use of double precision when con-

vergence was achieved in less than 15 iterations in almost all

Cases.
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CHAPTER IV
RESULTS

The computer program developed to perform chemical equili-
brium calculations for the CHON system was run for the following
range of parameter wvalues:

T 1 500 to 1500° K

P11 to 25 atm.

N0 to B0
“ 1077 to 10°

The equilibrium constants of formation at various tempera-
tures were taken from ﬁwolinﬂd.(lZ). The IBM 370/158 computer
was used with double precision to execute the computations. The
calculations were performed under the assumption of ldeal gas
behavior. The following relation was used in equation (2-11)
under the ideality assumption:

B, =P 2217 (4-1)
The gas-phase idenlity assumption was Jjustified by redoing the
calculﬁticns at the highest pressure and the lowest temperature.
Also, the assumption of absence of compounds of nitrogen and of
higher molecular welpght hydrocarbons was tested. These results
plus the trend in the carbon deposition boundaries and gas phase
compositions are illustrated and discussed in the following
chapter.

Gas-phase mole fractions, at equilibrium, are tabulated in

Tables 1 throurh 40 for the following values of pressure and K
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P, atm ¢+ 1, 5, 10, 15, and 25

h : 0, 1, 2, 3, 3.76, 5, 10, and 20
The value of h = 3.76 corresponds to air being the sole source
of N and 0. Each table corresponds to a set of P and h values
and includes mole fraction of all the six gas-phase components
for the following sets of values of T and ® :

T °k 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,

1400, and 1500 |

w : 0,01, 0,05, 0.1, 0.3, 0.5, 0.75, 1, 4, and 10
Thus, each table contains the data of mole fractions for 99
sets of T and w wvalues. In all, data have been tabulated for
3960 sets of parameter values of P, M , T, and w , which cover
a wide enough range to include almogt all practical values of
the parameters.

Figures 1 through 40 provide the carbon deposition bound-
aries, on triangular diagrams, obtained from equilibrium compo-
sitions. The set of parameter values of P and N for the figures
correspend to those for the Tables 1 to 40, Each figurs includes
‘the boundaries for temperatures from 500 to 15000 K, at intervals
of 200° XK. To obtain smooth and accurate curves, the calcula-
tiong were performed for 23 values of @ for each set of values
of P, N , and T.

In the ranges wﬁere these results overlap those of Cairns
and Tevebaugh and Baron et al., comparisons have shown excellent
agreement. Also, several calculatiocns were made using a newly
developed random search technique ( 5 ). The results confirm
that the minimum obtained by the method of steepest descent was

the global minimum.
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500

600

700

800

9500

1000

TABLE- 1 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

0.01
0.05
0.10
0.30

e 8 o o & 8 O @
N
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P= 1 ATM,N/O= 0.0

H2
0.01877
0.01735
0.01577
0.01106
0.00817
0.00603
0.00475
0.00132
0.00054
0.09321
0.08626
0.07864
0.05690
0.04385
0.03381
0.02742
0.00831
0.00346
0.27718
0.25679
0.23485
0.17383
0.13738
0.10863
0.08975
0.02898
0.01230
0.54791
0.50837
0.46664
0.35235
0.28348
0.22796
0.19068
0.06445
0.02774
0.77922
0.72392
0.66632
0.50933
0.41380
0.33573
0.28263
0.09785
0.04244
0.89936
0.83475
0.76689
0.58181

co
0.00000
0. 00000
0.00000
0.00001
0. 00002
0.00002
0.00003
0. 00004
0.00004
0.00002
0.00010
0.00018
0.00045
0.00063
0.00078
0.00088
0.00121
0. 00130
0.00029
0.00135
0.00250
0.00584
0. 00791
0.00958
0.01070
0.01440

0.01544

0.00206
0.00943
0.01713
0.03783
0.05008
0.05584
0, 06634
0.08810
0.09436
0.00815
0.03654
0. 06515
0.13911
0.18181
0.21567
0.23823
031417
0.33626
0.01564
0.07134
0.12882
0.28091

CH4
0.94251
0.80549
0.66517
0.32690
0.17852
0.09737
0.06036
0.00468
0.00078
0.86962
0.74471
0.61902
0.32402
0.,19247
0.11442
0.07528
0.00691
0.00120
0.68935
0.59163
0.49485
0.27112
0.16933
0.10587
0.07227
0.00754
0.00136
0.42405
0.36505
0.30759
0.17537
0.11351
0.07341
0.05136
0.00587
0.00109
019734
0.17033
0.14430
0.08431
0.05565
0.03663
0.0259%96
0.00311
0.00059
0.07950
0.06849
0.05780
0.03327

H20
0.03859
0.17407
0.30741
0.57822
€.63070
0.59681
0.53960
0.21139
0.09310
0.03694
0.16400
0.28431
0. 50921
0.54896
0.52350
0. 47925
0.19905
0.08915
0.03288
0.14347
0. 24432
0.42162
0.45132
0 43235
0.39889
0.17334

0.07890
0.02560

0. 10899
0.18171
0.30305
0.32272
0.31010
0.28758
0.12908
0.05951
0. 01494
0.06227
0.10219
0.16677
0.17709
0. 17044
0.15849
0.07236
0.02359
0.00537
0. 02275
0.03774
0.06244%

cG2
0.00013
0.00308
0.01164
0.08381
0.18259
0.29977
0.39526
0. 78257
0.90553
0.00021
0.00494
0.01785
0.10942
0.21408
0.32748
0.41717
0.78453
0.90489
0.00031
0.00677
0.02347
D.12758
0.23406
0.34357
0.42839
0.77574
0.89200

.0.00039

0.00816
0.02693
0.13140
0.23021
0.32869
0. 40403
0.71250
0.81731
0. 00034
0.00693
0.02204
0.10048
0.17164
0.24152
029469
0.51250
0.58712
0.00013
000268
0.00874
0.04156
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1100

1200

1300

1400

1500

a/H
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
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TABLE- 1 CONTINUED

H2
0.47019
0.37981
0.31878
0.10927
0.04726
0.94678
0.87812
0.80538
0.60588
0.48611
0.39001
0.32572
0.10954
0.04709
0.96511
0.89498
0.82053
0.61597
0.49322
0.39493
0.32934
0.11009
0.04723
0.97274
0.90202
0.82691
0.62046
0.49658
0.39743
0.33130
0.11058
0.04741
0.97619
0.50521
D.82981
0.62252
0.49814
0.39862
0.32224
0.11084
0.04751
087790
0.90679
0.83125
0.62354
0.49892
0.39920
0.33271
0.11096
0.04756

ca
0.,36968
044012
0.48700
D.64413
0.68959
0.0187¢C
0.08637
0.15776
0.35205%
0.46765
0.55986
0.62128
0.82627
0.88506
0.01943
0.08998
0.16478
0.36982
0.49253
0.59060
D.65596
0.87390
0.93624
0.01959
0.09077
0.16632
0.37378
0.49811
0.59752
0.66378
0.88471
0.94786
0.01962
0.09094
0. 16667
0.37474
0.49950
0.59927
0.66578
0.88750
0.95088
0.01962
0.09097
0.16674
0.37499
0.49988
0.59978
0. 66637
0.88836
0.95180

CH4
0.02173
0.01418
0.00999
0.00117
0.00022
0.03296
0.02835
0.02385
0.01350
0.00869
0.00559
0.00390
0.00044
0.00008
0.01498
0.01288
0.01083
0.00610
0.00351
0.00251
0.00174
0.00019
0.00004
0.00751
0.00645
0.00542
0.00305
0.00196
0.00125
0.00087
0.00010
0.00002
0.00412
0.00355
0.00298
0.00168
0.00107
0.00069
0.00048
0.00005
0.00001
0.00245
0.00210
0.00177
0.00099
0.00064
0.00041
0.00028
0.00003
0.00001

H20
0. 06641
0.06386
0.05931
0. 02689
0.01245
0. 0C153
0. 00655
0.01097
0. 01842
0.01963
0. 01886
0. 01748
0.00782
0. 00360
0.00047
0.006202
0. 00338
0.00570
0.00608
0.00584
0.00541
0. 00241
0.00111
0.00017
0., 00072
0.00121
0.00203
0.00217
0.00208
0., 00193
0.00086
0.00039
0. 00007
0.00029
0. 00049
0.00083
0.00089
0. 0G085
0.00079
0.00035
0.00016
0.00003
0. 00014
0.00023
0.00038
0.00041
0.00039
0. 00036
0.00016
0.00007

coz
0.07198
0.10203
0.12492
0.21854
0.25048
0,00003
0.00061
0.00204
0.01015
0.01792
0.02568
g.03162
0.05593
0. 06417
0.00001
0.00014
0.00048
0.00240
0.00426
0. 00612
0.00755
0.01341
0.01539
0.00000
0.00004
0.00013
0.00067
0.00119
0.00171
0.00211
0.00376
0.00431
0.00000
0.00001
0. 00004
0.00022
0.00040
0.00057
0.00071
0.00125
0.00144%
0.00000
0. 00001
0.00002
0.00009
0.00015
0.00022
0. 00027
0.00049
0.00056
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Ty K
500

600

700

800

900

1000

TABLE-

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.01905
0.08264%
0.14181
0.27144
0.33222
0.37410
0.39926
0.47036
0.48770
0.01834
0.07989
0.13765
0.26608
0.32732
0.36991
0.39565
0.46898
0.48698
0.01659
0.07304
0.12720
0.25205
0.31388
0.35784
0.38481
0.46336
0.48306
0.01399
0.06270
0.11100
0.22809
0.28907
0.33367
0.36156
0.44529
0.46692
0.01173
0.05303
0.09466
0.19839
0.25401
0.29541
0.32162
0.40190
0.42303
0.01052
0.04722
0.08378
0.17348

H2
0.01859
0.01661
0.01460
0.00942
0.00666
0.00476
0.00367
0.00096
0.00029
0.09231
0.08256
0.07275
0.04834
0.03558
0.02651
0.02104
0.00597
0.00244
027450
0.24567
0.21689
0.14661
0.11016
0.08382
0.06757
0.02021
0.00840
0.54257
0.48596
0.42991
0.29421
0.22363
0.17205
0.13980
0.04303
0.01805
0.77163
0.69185
0.61335
0.42345
0.32390
0.25051
0.20429
0.06364
0.02678
0.89061
0.79820
0.70710
0.48685

Co
0.00000
0.00000
0.00000
0.00001
0.00001
0.00002
0.00002
0.00003
0.00003
0.00002
0.00009
0.00017
0.00039
0.00052
0.00062
0.00069
0.00088
0.00093
0.00028
0.00130
0.00234
0.00506
0.00655
0.00768
0.00838
0.01C52
0.01107
0.00204
0.00914
0.01616
0.03313
0.04194
0.04838
0.05240
0.06447
0.06758
0.00809
0.03540
0.06143
0.12169
0.15204
0.17396
0.18759
0.22830Q0
0.23880
0.01551
0.06857
0.11998
0.24097

1.00

CH4
0.92438
0.73829
0.56995
0.23735
0.11869
0.06065
0.03608
0.00247
0.00040
0.85287
0.68231
0.52971
0.23385
0.12671
0.07034
0.04432
0.00356
0.00060
0.67604
0.54149
0.42205
0.15286
0.10888
0.06304
0.04097
0.00366
0.00063
0.41583
0.33359
0.26107
0.12227
0.07064
0.04181
0.02761
0.00262
0.00046
0.19351
0.15557
0.12227
0.05828
0.03410
0.02040
0.01356
0.00132
0.00023
0.07796
0.06262
0.04914
0.02330

2 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS
P= 1 ATMyN/O=

H20
0.03785
0.15962
0. 26364
0.42068
0.42039
0. 37274
0.32342
011170
0.04758
0.03624
0.15060
0.24431
0.37091
0.36562
0.32602
0. 28598
0.10416
0. 04506
0.03229
0.13223
0. 21100
0.30783
0.29985
0. 26722
0.23530
0. 08830
0.03863
0.02518
C. 10094
0.15791
0.22157
0.21323
0.18922
0. 16654
0.06306
0.02773
0. 01470
0.05765
0.08869
0.12130
0.11592
0.10258
0.05021
0. 03420
0.01505
0.00528
0. 02091
0.03241
0.04482

coz
0.00013
0.00283
0. 00999
0.06110
0.12202
0.18772
0.23754
0.41449
0.46390
0.00021
0. 00454
0.01541
0.08044%
0.14425
0.20659
0. 25232
0.41646
0.46399
0.00030
0.00628
0.02053
0.09560
0.16068
0.22040
0.26297
0.41395
0.45821
0.00038
0.00766
0.02396
0.10074
0.16149
0.21487
0.25209
0.38153
0.41927
0.00034
0.00651
0.01960
0.07690
0.12003
0.15714
0.18272
0.27064
0.29610
0.00013
0.00248
0.00758
0.03058
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Ty K

1100

1200

1300

1400

1500

a/H
0.50
075
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
075
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
075
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.22095
0.25607
0.27823
0.34575
0.36345
0.01004
0.04489
0.07934
0.16262
0.20595
0.23766
0.25752
0.31728
0.33277
0.00986
0.04408
0.07789
0.15949
0.20183
0.23275
0.25207
0.31006
0.32504
0.00978
0.04377
0.07737
0.15854
0.20068
0.23146
0.25069
0.30839
0.32328
0.00975
0.04363
0.07715
0.15820
0.20030
0.23106
0.25028
0.30794
0.32282
0.00973
0.04357
0.07705
0.15806
0.20015
0.23091
0.25013
0.30779
0.32268

TABLE- 2 CONTINUED

H2
0.37177
0.28714
0.23396
0.07268
0.03056
0.93759
0.83994
0.74340
0.50984
0.38820
0.29911
0.24330
0.07516
0.03156
0.95575
0.85611
0.75752
0.51891
0.39474
0.30290
0.,24706
0.07617
0.03196
0.96330
0.86284%
0.76339
0.52269
039747
0.30589
0.24863
0.07659
0.03213
0.96671
0.86587
0.76604
0.52437
0.39866
0.30676
0.24929
0.07676
0.03220
0.96841
0.86738
0.76734
0.52518
0.39923
0.30716
0.24961
0.07684
0.03223

Lo
0.30252
0.34713
0.37489
0.45790
0.47930
0.01852
0.08267
0.14583
0.29762
0.37611
0.43336
0.46S912
0.57639
0.60409
0.01924
0.08605
0.15208
0.31152
0.394329
0.45478
0.49258
0.60607
0.63539
0.01940
0.08680
0.15348
0.31469
0.39845
0.45966
0.49792
0.61276
0.64242
0.01943
0.08697
0.15381
0.31549
0.39953
0.46092
0.49932
0.61450
0.64424
0.01943
0.08700
0.15389
0.31572
0.39985
0.46132
0.49975
0.61504
0.64480

CH4
0.01358
0.00810
0.00538
0.00052
0.00009
0.03232
0.02594
0.02032
0.00956
0.00554
0.00329
0.00218
0.00021
0.00004
0.01469
0.01179
0.00923
0.00433
0.00251
0.00149
0.00098
0.00009
0.00002
0.00736
0.00591
0.00462
0.00217
0.00125
0.00074
0. 00049
0.00005
0.00001
0.00404
0.00324
0.00254
0.00119
0.00069
0.00041
0.00027
0.00003
0.00000
0.00240
0.00192
0.00151
0.00071
0.00041
0.00024
0.00016
0.00002
0.00000

H20
0. 04297
0.03808
0.03351
0. 01272
0.00560
0.00150
0. 00600
0.00936
0. 01311
D.01261
0.01120
0. 00986
0.00374
0. 00165
0.00046
0.00184%
0. 00288
0.00405
0.00390
0. 00346
0.00305
0. 00116
0.00051
0.00016
0. 00066
0.00103
0. 00144
0.00139
0.00123
0. 00109
0.00041
0.00018
0.00007
0.00027
Ce 00042
0.00059
J.00057
0. 00051
000045
0.00017
0.00007
0.00003
C. 00012
0.00019
0. 00027
0.00026
0.00023
0. 00021
0.00008
0.00003

cnz
0.04821
0.06347
0.07403
0.11044
0.12100
0.,00003
0.00056
0.00174
0. 00726
0.01159
0.01539
0.01803
0.02722
0.02990
0. 00001
0.00013
0.00041
0.00170
0.00273
0.00363
0.00426
0. 00645
0.00709
0.00000
0. 00004
0.00011
0.00048
0.00076
0.00101
0.00119
0.00180
0.00198
0.00000
0.00001
0. 00004
0.00016
0.00025
0.,00034
0.00040
0.00060
0.00066
0.00000
0. 00000
0.00001
0.00006
0.00010
0.00013
0. 00015
0.00023
0.00026
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Ty K
500

600

T00

800

900

1000

TABLE~ 3 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1,00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.03739
0.15262
0.24829
0.42678
0.49856
0.54434
0.57054
0.63974
0.65563
0,03601
0.14774
0.24148
0.41935
0.49223
0.5391¢9
0.56622
0.63821
0.65484
0.03260
0.13561
0.22444
0.40006
0.47511
0.52457
0.55346
0.63206
0.65058
0.02756
0.11732
0.19812
0.36749
0.44391
0.49567
0.526%4
0.61235
0.63310
0.02317
0.10021
0.17157
0.32700
0.39963
0.44969
0.47979
0.56516
0.58609
0.02080
0.08993
0.15389
0.29318

P= 1 ATMyN/DO= 2.00

H2
0.01841
0.01596
001365
0.00834%
0.00576
0.00405
0.00310
¢.00079
0.00032
0.09143
0. 07930
0.06798
0.04268
0.03064
0.02244%
0.01764
0.00487
0.00198
0.27188
0.23579
0.20228
0.12852
0.09381
0.06998
0.05574
0.01613
0.00665
0.53737
0.46593
0.39972
0.25514
0.18745
0.14078
0.11273
0.03324
0.01379
0.76420
0.66289
0.56919
0.36473
0.26873
0.20232
016226
0.04811
0.01999
0.88205
0. 76494%
0.65652
0.41996

ca
0.00000
0.00000
0., 00000
0.00001
0.00001
0.00002
0.00002
0.00002
0.00002
0.00002
0.00009
0.00016
0.00034
0.00045
0.00053
0.00C58
0.00073
0.00076
0.00028
0.00125
0.00221
0.00453
0.00573
0.00660
0.00714
0.00869
0.00908
0.00203
0.00887
0.01535
0.02990
0.03689
0.04176
0. 04472
0.05317
0.05525
0.00804
0.03435
0.05826
0.10925
0.13273
0.14882
0.15847
0.18576
0.19244
0.01537
0.06603
0.11239
0.21189

CH4
0.90693
0.68142
0.49852
0.18619
0.08880
0.04398
D.02569
0.00167
G.00027
0.83675
0.62943
0.46261
0.18235
0.09394
0.05042
0.03115
0.00237
0.00039
0.66321
0.49885
0.36712
0.14819
0.07895
0.04393
0.02788
0.00233
0.00040
0.40789
0.30665
0.22569
0.09195
0.04963
0.02800
0.01785
0.00156
0.00027
0.18981
0.14282
0.10530
0.04324
0.02347
0.01330
0.00856
0.00075
0.00013
0.07647
0.05751
0.04236
0.01733

H20
0.03714
014739
0. 23078
0.33058
0.31519
0. 27088
0.23078
0.07583
0.03193
0.03558
0. 13923
0.21420
0.29154
0.27371
0.23617
0. 20318
0.07016
0.02997
0. 03173
0.12263
0. 18568
0.24188
0.22340
C. 19187
0,16523
0.05821
0.02508
0.02478
0. 09399
0.13S50
0.17344
015720
0.13367
0.11460
0.04018
0.01732
O0e 01446
0.,05360
0.07806
0., 09380
0.08396
0.07087
0.06052
0.02103
0. 00905
0.00518
0.01930
0.02819
0.03400

co2
0.00012
0.00261
0. 00875
0.04810
0.09168
0.13672
0.16987
0.28194
0.31184
0.00021
0.00421
0.01356
0.06373
0.10904
0.15124
0.18123
0.28366
0.31205
0.00030
0.00587
0.01827
0.07682
0.12299
0.16305
0.19055
0.28258
0.30821
0.00038
0.00723
0.02163
0.08208
0.12492
0.16012
0.18357
0.25950
0.28026
0.00034
0.00613
0.01762
0.06198
0.09147
0.11500
0.13040
0.17918
0.19230
0.00012
0.00230
0. 00665
0.02365
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Te K

1100

1200

1200

1400

1500

O/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0,10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.35828
0.40316
0.43015
0.50669
0.52546
0.01987
0.08582
0.14673
0.27884%
034027
0.38247
0.40778
0.47931
0.49677
0.01952
0.08439
0.14440
0.27478
0.33545
0.37713
0.40213
0.47272
0.48994
0.01937
0.08384
0.14357
0.27356
0.33412
0.37574
0.40071
0.47121
D.48841
0.01931
0.08360
0.14323
0.27312
0.33368
0.37531
0.40028
0.47081
0.48801
0.01928
0.08349
0.14307
0.272%94%
0.33351
0.37515
0.40013
0.47068
0.48789

TABLE-

H2
0.30906
0.23246
0.18631
0.05513
0.02289
0. 52858
0« 80504
0.69051
0. 44063
032375
0.24318
0.19474
0.05746
0.02385
0.94656
0.82052
0.70359
044848
0.32925
0.24716
0.19785
0.05830
0.02419
0.95404
0.82693
0.70898
0.45162
0.33141
0.24870
0. 19903
0.05861
0.02431
0.55742
0.82982
0.71139
0.45299
0.33233
0.24933
0.19951
0.05872
0.02435
0.95910
0.83126
0.71258
0.45364
0.33276
0.24963
019973
0.05877
0.02437

3 CONTINUED

co
0.25782
0.28930
0.30817
0.36145
0.37446
0.01834
0.07928
0.13563
0.25810
0.31518
0.35444
0.37801
0.44470
0.46100
0.01905
0.08245
0.14121
0.26921
0.32894
037002
0.39470
046446
0.48151
0.01921
0.08217
0.14249
0.27177
0.33210
037356
0.3984%
0.46886
0.48604
0.01924%
0.068333
0.14280
0.27244
0.33293
0437453
0.39949
0.47001
0.48721
0.01925
0.,08337
0.14288
027264
0.33319
0.37482
0.39980
0.47036
0.48757

CH4
0.00939
0.00531
0.00341
¢.00030
0.00005
0.03171
0.02383
0.01753
0.00714
0.00385
0.00217
0.00139
0.00012
0.00002
0.01441
0.01083
0.00796
0.00324
0.00174
0.00098
0.00063
000005
0.00001
0.00722
0.00542
0.00399
0.00162
0.00087
0.00049
C.30031
0.00003
0.00000
0.00397
0.00298
0.00219
0.00089
0.00048
0.00027
0.00017
0.00001
0.00000
0.00235
0.00177
0.00130
0.00053
0.00028
0.00016
0.00010
¢.00001
0.00000

H20
0.03044
0. 02569
0.02194
0.00761
0.00328
0.00147
0. 00551
0.0080¢9
0.00982
0.00881
0.00744
0. 00636
0.00221
0. 00095
0., 00045
0.00169
0. 00249
0.00302
0.00271
0. 00229
0.00195
0.00068
0.00029
0.00016
0. 00060
0.00089
0.00108
0. 00097
0.00081
0. 00070
0.00024
J.00010
0. 00007
0.00025
0.00036
0.00044
0.00040
O« 00033
0.00029
0.00010
0. 00004
0.00003
0.00011
0.00017
0.00020
0. 00018
0.00015
0.00013
0.00005
0.00002

coz
0.03501
0., 04408
0.05002
0.06881
0.07386
0.00003
0. 00051
0.00151
0.00546
0.00814%
0.01029
0.01171
0.01620
0.01741
0.00001
0.00012
0.00035
0.00127
0.00190
0.00240
0.00273
0.00379
0. 00407
0.00000
0.00003
0.00010
0.00035
0.00053
0.00067
0. 00076
0.00106
0.00113
0. 00000
0.00001
0.00003
0.00012
0.00018
0. 00022
0.00025
0.00035
0.00038
0.00000
0. 00000
0.00001
0.00005
0. 20007
0.00009
0.00010
0.00014
0.00015

)



Ty K
500

600

700

800

900

1000

TABLE-

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
D.75
1.00
4,00

10.00
0.01
0.05
0.1¢
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30

N2
0.05505
0.21264%
0.33119
0.52741
0.59845
0.64170
0.66575
0.72702
0.74063
0.05304
0.20609
0.32264%
0.51911
0.59170
0.63635
0.66135
D.72551
0.73986
0.04807
0.18984%
030130
0.49777
D.5T7367
0.62140
0.64851
0.71955
0.73575
0.04071
0.16537
0.26850
0.46214
0s54119
0.59220
0.62163
0.70049
0.71885
0.03431
0.14250
0.23547
0.41788
0.49509
0.54572
0.57521
0.65522
0.67405
0.03086
0.12876&
0.21352
0.38130

H2
0.01824
0.01538
0.01287
0.00757
0.00515
0.00359
0.00273
0.00069
0.00027
0.09058
0.07639
0.06403
0.03859
0.02726
0.01977
001545
0.00420
0.00171
0.26933
0.22696
0.19010
0.11537
0.08261
0.06086
0.04813
0.01366
0.00561
0.53229
0.44788
037433
0.22665
0.16269
0.12030
0.09544
0.02743
0.01131
075694
0.63658
0.53168
0.32158
0.23085
0.17075
0.13550
0.03900
U.01609
0.87366
0.73450
0.61308
0.36997

ca
0.00000
0.00000
0, 00000
0.00001
0.00001
0.00001
0.00002
0.00002
0.00002
0.00002
0.00009
0.00015
0.00031
0.00040
0.00047
0.00051
0.00063
0.00066
0.00028
0.00121
0.00210
0.00415
0.00517
0.00589
0.00633
0.00757
0.00788
0.00201
0. 00864
0.01467
0.02750
0.03334
0.03730
0,03966
0.04621
0.04778
0.00798
0.03339
0.05551
0.09975
0.11884
0013147
0.13888
0.15915
0.16397
0.01524
0.0637C
0.10578
0.18956

CH4
0.89013
0.63265
0.44294%
0.15310
0.07088
003446
0.01993
0.00126
0.00020
0.82123
0.58405
0.41036
0.14907
0.07436
0.03911
0.02388
0.00177
0.00029
0.65085
046215
0.32423
0.11943
0.06123
0.03323
0.02078
0.00167
0.00028
0.40022
0.28335
0.19792
0.07256
0.03739
0.02044
0.01287
0.00106
0.00018
0.18622
0.13171
0.09187
0.03361
0.01732
0.00948
0.00597
0.00049
0.00008
0.07502
0.,05303
0.03694
0.01345

4 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS
P= 1 ATM,N/O0= 3.00

H2 O
0. 03645
0.13690
0. 20521
0.27225
0.25206
0.21268
0.17933
0. 05737
0.02401
0.03493
0. 12946
0.19071
0., 24005
0.21850
0.18484
0. 15724
0.05273
0.02237
0. 03118
0.11434
0.16578
0.19885
0.17736
0. 14886
0.12648
0.04296
0.01835
0.02438
0. 08792
0.12483
D.14171
0.12332
0.10202
0.08604
0.02882
0.01229
0. 01423
0.05003
0.06947
0.07551
0.06457
0.05284
0.04430
0.01461
Je 00621
0.00509
0.01787
0.02478
0.02679

co2
0.00012
0.00243
0.00779
0.03967
0.07345
0. 10755
0.13224
0.21364
0.23486
0.,00020
0., 00392
0.01212
0.05285
0.08778
0.11946
0.14157
0.21516
0.23510
0, 00029
0.00550
0.01649
0. 06442
0.09996
0.12976
0.14977
0.21458
0.23213
0.00037
0.00685
0.01975
0.06944
0.10206
0.12774
0.14436
0.19599
0.20958
0.00033
0.00579
0.01600
0.05167
0.07333
0. 08975
0.10015
0.13152
0. 13960
0.00012
0.00214
0.00589
0.01893
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Ty K 0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

1100

1200

1300

1400

1500

N2
0.45280
0.49979
0.52721
0.60169
0.61924
0.02950
0.12330
0.20473
0.36628
0.43517
0.48043
0.50683
0.57846
059533
0.02899
0.12140
0.20188
0.36210
0.43058
0.47560
0.50185
0.57313
0.58990
0.02878
0.12067
0.20087
0.36085
0.42932
0.47435
0.50062
0.57192
0.58871
0.02868
0.12036
0.20045
0.36040
0.42890
0.47396
0.50025
0.57160
0.58840
0.02864
0.12021
0.20026
0.36022
0.42874
0.47382
0.50012
0.57150
0.58830

TABLE~

H2
0.26520
0.19593
0.15538
0.04462
0.01840
0.91975
0.77300
0.64481
0.38825
0.27792
0.20511
0.16255
0.04659
0.01920
0.93755
0.78780
0.65689
039497
0.28249
0.20835
0.16505
0.04724
0.01946
0.94495
0.79391
0.66183
0.39760
0.28422
0.20955
0.16595
004747
0.01955
0.94830
0. 79667
0.66404
0.39873
0.28494
0.21003
D.16631
0.04755
0.01958
0.94996
0.79803
0.66512
0.39927
0.28528
0.21025
0.16647
0.04758
0.01960

4 CONTINUED

co
0.22547
0.24915
0.26300
0.30073
0.30965
0.01817
0.07617
0.12679
0.22802
0.27152
0.30020
0.31697
036264
0.37342
0.01887
0.07915
0.13181
0.23708
0.2822¢
0.31202
0.32940
0.37666
0.38780
0.01902
0,07983
0.13297
0.23918
0.28472
0.31470
0.33220
0.37974
0.39094
0.01906
0.07999
0.13326
0.23974
0.28538
D.31542
033295
0.38054
0.39175
0.01906
0.08003
0.13334
0.23992
0.28559
0.31565
0.33318
0.38079
0.39200

CH4
0.00691
0.00377
0.00237
0.00020
0.00003
0.03111
0.02197
0.01529
0.00554
0.00284
0.00155
0.00097
0.00008
0.00001
0.01414
0.00998
0.00694
0.,00251
0.00128
0.00070
0.00044
000004
0.00001
0.00708
0.00500
D.00347
0.00125
0.00064
0.00035
0.00022
0.00002
0.00000
0.00389
0.00275
0.00191
0.00069
0.00035
0.00019
0.00012
0.00001
0.00000
0.00231
0.00163
0.00113
0.00041
0.00021
0.00011
0.00007
0.00001
0.00000

H20
0.02284
0. 01865
0.01561
0.00513
0.00218
0.00144%
0. 00509
0.00706
0. 00765
0.00652
0.00532
0. 00445
0.00146
0.00062
0.00044
0.00156
0. 00217
0.00234
0. 00200
0.00163
0.00136
0. 00045
0.00019
0.00016
0. 00056
0.00077
0.00C83
0.00071
0.00058
0. 00048
0.00016
0.00007
0.00006
0.00023
0. 00032
0.00034
0.00029
0. 00024
0.00020
0. 00006
0.00003
D.00003
0. 00011
0.00015
J.00016
0.00013
0.00011
0. 00009
0.00003
0. 00001

co2
0.02678
0.03270
0.03643
0.04764
0.05050
0.00003
0.00048
0.00132
0.00426
0.00604
0.00738
0.00823
0.01077
0.01142
0.00001
0.00011
0. 00030
0.00099
0.00140
0.00171
0.00190
0. 00249
0.00264%
0.00000
0.00003
0,00008
0. 00027
0.00039
0.00048
0. 00053
0. 00069
0.00073
0.00000
0.00001
0.00003
0.00009
0.00013
0.00016
0.00018
0.00023
0.00024
0.00000
0.00000
0.00001
0.00004
0.00005
0.,00006
0.00007
0.0000%9
0.00009
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Ty K
500

600

700

800

900

1000

TABLE-

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0,50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.06808
0.25293
0.38299
0.58311
0.65133
0.69183
0. 71403
0.76955
0.78169
0.06561
0.24536
0.37351
0.57453
0.64452
0.68651
0.70969
0.76810
0.78095
0.05950
0.22656
034990
0.55260
0.62647
0.67180
0.,69716
0.76238
0.77700
0.05047
0.19830
0.31375
0.51628
0.59427
0.64328
0.67111
0.74412
0.76080
0.04261
D.17192
0.27742
0.47127
0.54862
0.59793
0.62618
0.70104
0.71830
0.03838
0.15609
0.25335
0.43445

H2
0.01811
0.01498
0.01235
0.00710
0.00479
0.00332
0.00252
0.00063
0.00025
0.08995
0.07437
0.06143
0.03614
0.02529
0.01824%
0.,01421
0.00384
0.00156
De26T44
0.22081
0.18206
0.10747
0.07611
0.05568
D.04386
0.01232
0.00505
0.52851
0.43525
0.35748
0.20949
0.14836
0.10874
0.08583
0.02433
0.01000
0.75151
0.61808
0.50662
0.29553
0.20894
0.15301
0.12072
0.03420
0.01406
0.86738
0.71299
0.58385
0.33950

ca
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00002
0.00002
0.00002
0.00008
0.00014
0. 00030
0.00038
0.00044
0.00048
0.00058
0. 00061
0.00028
0.00119
0.00203
0.00392
0.00484
0.00548
0.00587
0. 00696
0.00723
0.00201
0.00847
0.01421
0. 02604
0.03125
0.03473
0.03677
0.04238
0.04371
0.00794
0.03271
0.05364
0.09383
0.11050
0.12132
0.12759
0.14443
0.14837
0.01515
0.06203
0.10129
0.17567

CH4
0.87774
0.59992
0.40823
0.13480
0.06141
0.02957
0.01701
0.00106
0.00017
0.80977
0.55357
0.37771
0.13070
0.06404
0.03331
0.02022
000147
0.00024
D.64172
0.43745
0.29739
0.10362
0.05198
0.02782
0.01726
0.00136
0.00023
039455
0.26760
0.18051
0.06199
0.03109
0.01670
0.01041
0.00084
0.00014
0.18356
0.12416
0.08342
0.02838
0.01419
0.00761
0.00474
0.00038
0.00006
0.07395
0.04997
0.03350
0.01133

5 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS
= 1 ATMyN/O= 3.76

H20
0.03595
0.12986
0.,18923
0.23997
0.21866
0.18273
D.15326
0. 04838
0.02019
0. 03446
0. 12290
0.17600
0.21153
0.18928
0.15845
0.13399
0.04426
0.01872
0.03078
0.10874
0. 15326
0.17493
0.15298
0. 12678
0.10694
0.03562
0.01515
0.02409
0. 08379
0.11550
0.12399
0.10539
0.08585
0.07175
0.02344
0.00994
0. 01405
0.04758
0.06397
0.06527
0.05435
0. 04370
0.03625
0.01163
0.00491
0.00502
0. 01690
0.02259
0.02279

coz2
0.00012
0.00230
0.00T719
0.03501
0.06380
0.09253
0.11316
0.18036
0.19768
0.00020
0.00373
0.01121
0. 04681
0.07649
0.10304
0.12141
0.18175
0.19793
0.00029
0.00526
0. 01537
0.05746
0.08761
0.11244
0.12891
0.18136
0.19535
0.00037
0.00658
0.01854
0.06222
0.08964
0.11071
0.12413
0.16489
0.17541
0.00023
0.00555
0.01494
0.04572
0.06341
007643
0.08453
0.10832
0.11430
0.00012
0.00203
0.00540
0.01626
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Ty K

1100

1200

1300

1400

1500

a/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.50739
0.55405
0.58082
0.65189
0.66829
0.03671
0.14982
0.24380
0.41970
0.49077
0.53626
0.56237
0.63168
0.64T767
0.03608
0.14763
0.24071
0.41565
0.48652
0.53191
0.55797
0.62717
0.64314
0.03582
0.14680
0.23961
Q.41444%
0.48535
0.53080
0.55688
0.62616
0.64215
0.03571
0.14644
0.23916
0.41401
0.48497
0.53046
0.55656
0.62589
0.64189
0.03565
0.14627
0.23895
0.41383
0.48482
0.53033
0.55645
0.62581
0.64181

TABLE- 5

H2
0.23959
0.17522
0.132813
0.03903
0.01603
0.91314
0.75028
0.61393
0.35611
0.25095
0.18333
0.14443
0.04074
0.01672
0.93081
D.76458
0.62531
0.36210
0. 25493
0.18611
014655
0.04128
0.01694
0.593815
0.77048
0.62993
C.36441
0.25641
0.18711
014730
0.04146
0.01701
0.94147
0.77313
0.63199
036539
0.25702
0.18751
0.14760
0.04153
0.01704
0.94312
0. TT444
0.63300
0.36586
0.25730
0.18769
0.14773
0.04156
0.01705

CONTINUED

ce
0. 20612
0.22575
0.23707
0.26731
0.27433
0.01804
0.07396
0.12081
0. 20949
0.24569
0.26898
0.28238
0.31812
0.32640
0.01873
0.07681
0.12545
0.21734
0.25474
0.27876
0.29256
0.32928
0.33777
0.01889
0.07746
0.12653
0.21917
0.25682
0.28097
0.29484
0.33171
0.34023
0.01892
0.07762
0.12681
0.21966
0.25738
0.28157
0.29545
0.33234
0.34086
0.01892
0.07765
0.12688
0.21981
0.25756
0.28175
0.29564
0.33254
0.34106

CH4
0.00564
0.00302
0.00188
0.00015
0.00003
3.030Q066
0.02070
0.01386
0.00466
0.00232
0.00124%
0.00077
0.00006
0.00001
0.01394%
0.00940
0.00629
0.00211
0. 00105
0.00056
0.00035
0.00003
0.00000
0.00698
0.00471
0.00315
0.00105
0.00052
0.00028
0.00017
0.00001
0.00000
0.00384
0.00259
0.00173
0.00058
0.00029
0.00015
0.00009
0.00001
0.00000
0.00227
0.00153
0.00102
0.00034
0.00017
0.00009
0.00006
0.00000
0.00000

H20
0.01887
0.01511
0.01251
0. 00399
0.00168
0.00142
0. 00479
0.00641
Je 00644
0.00533
0.00426
0. 00352
0.00112
0.00047
000044
0.00147
0. 00196
0.00197
0.00163
0.00130
0.00107
0. 00034
0.00014
0.00016
0. 00052
0.00070
0.00070
0.00058
0.00046
0. 00038
D.00012
0. 00005
0. 00006
0.00021
0. 00029
0.00029
0.00024
0. 00019
0.00016
0.00005
0.00002
0.00003
0. 00010
0.00013
0.00013
0.00011
0.00009
0. 00007
0.00002
0.00001

co2
0.02238
0.02684
0.02960
0. 03764
0.03964
0.,00003
0.00045
0.00120
0.00360
0.00495
0.00593
000653
0.00829
0.00873
0.00001
0.00010
0.00028
0.00083
0.00114
0.00136
0.00150
0.00190
0.00200
0.00000
0. 00003
0.00008
0.00023
0.00032
0.00038
0. 00042
0.00053
0.00056
0.00000
0.00001
0.00003
0.00008
0.00011
0.00013
0.00014
0.00018
0.00018
0.00000
J.00000
0.00001
0.00003
0. 00004
0.00005
0. 00005
0.00007
0.00007
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Ty K
500

600

700

800

200

1000

TABLE- 6 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
Q.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0«50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
D.05
0.10
0.30
0.50
075
1.00
4,00

10.00
0.01
0.05
0 01.0
030

N2
0.08849
0.31025
0.45190
0.65005
0.71273
0.74887
0.76835
0.81609
0.82635
0.08531
0.30133
O.44138
0.64134
0.70601
0.74372
0.76418
0.81473
0.82565
0.07747
0.27924
0.41530
061930
0.68845
0.72966
0.75234%
0.80941
0.82197
0.06587
0.24613
0.37562
0.58326
0.65753
0.70275
0.72795
0.79248
0.80691
0.,05577
0.21529
0.33591
0.53881
0.61385
0.66010
0.68605
0.75302
0.76810
0.05024
0.19683
0.30978
0.50316

= 1 ATMyN/0= 5,00

H2
0.01791
0.01438
0.01163
0.00649
0.00434
0.00300
0.00227
0.00056
D.D0022
0.08894
0.07140
0.05779
0.03265
0.02282
0.01635
0.01269
0.00240
0.00137
De26444
0.21174
0.17077
0.09720
0.06791
0.04926
0.03862
0.01071
0.00438
0.52251
0.41654%
0.33372
0.18723
0.13036
0.09452
0.07414
0.,02068
0.00847
0.74288
0.59048
0.47108
026174
0.18152
0.13121
0.10287
0.02860
0.01170
0.85739
0.68075
0.54215
0.29977

co
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0. 00002
0.00002
0.00002
0.00008
0.,00014
0. 00027
0.,00034
0.00040
0.00043
0.00052
0.00054
0.00027
0.00115
0.00192
0.00362
0.00442
0.00497
0.00530
0.00622
0.00644
0.00199
0.00822
0.01356
0.02410
0.02856
0.03148
0.03318
0.03774
0.03881
0.00788
0.03167
0.05094
0.08592
0.09970
0.108432
0.11340
0.12650
0.12950
0.0149%
0.05952
0.09481
0.15722

CH4
0.85832
0.55339
036209
0.11283
0.05043
0.02401
0.01373
0.00085
0.00013
0.79181
0.51020
0.33428
0.10869
0.05211
0.02676
0.01613
0.00116
0.00019
0.62739
0.40224
0.26166
0.08478
0.04138
0.02177
0.01338
0.00103
0.00017
0.385564
0.24508
0.15731
0.04952
0.02400
0.01262
0.00776
0.00060
0.00010
0.17936
J.11332
0.07213
0.02227
0.01071
0.00560
0.00344
0.00027
0.00004
0.07225
0.04555
0.02889
0.00883

H20
0.03516
0.11985
0o 16798
0.20121
0.17990
0. 14868
0.12395
0.03855
0.01604
0.03371
0.11354
0.15640
0.17723
0.15537
0.12846
0. 10789
0.03503
J.01476
0. 03015
0.10073
0.13649
0.14611
0.12471
0. 10177
0.08509
0. 02770
0.01172
0.02363
0.07783
0.10290
0.10258
0. 08465
0.06765
0. 05592
0.01774
0.00747
J.01378
0.04402
0. 05648
0. 05294
0.04260
0. 03351
0.02746
0.00852
0. 00357
0.00491
0.01548
0.01964%
0.01801

caz2
0.00012
0.00213
0.00639
0.02940
0.05259
0.07543
0.09169
0014394
0.15724
0.00020
0.00345
0.01001
0.03952
G. 06334
0.08432
0.09868
0.14517
0.15748
0. 00028
0.00491
0.01385
0.04900
0.07313
0. 09256
0.10527
0.14492
0.15531
0.00036
0.00620
0.01689
0.05331
0. 07490
0.0909%
0.10104
0.13076
0.13824
0. 00032
0.00521
0.01247
0.03833
0.05162
0.06105
0.06678
0.08309
0.08708
0.00012
0,00187
0.00473
0.01302
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Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
075
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0,30
0.50
0.75
1.00
4400

10.00

N2
0.57549
0.62024
0.64538
0.71040
0.72505
0.04819
0.18956
0.29956
048941
0.56079
0.60501
0.62988
0.69420
0.70870
0.04739
0.18704
0.29628
0.48571
0.55713
0.60140
0.62631
0.69074
0.70526
0.04705
0.18607
0.29511
0.484562
0.55614
0.60049
0.62543
0.68997
0.70452
0.04691
0.18566
0.29463
0.48422
0.55582
0.60020
0.62517
0.68977
0.70432
0.04683
0.18546
0.2944%1
0.48406
0.55569
0.60010
0.62508
0.68970
0. 70426

TABLE-

H2
0.20738
0.14976
0.11721
0.03249
0.01329
0.90260
0. 71616
0.56972
0.31400
0.21687
0e15643
0.12234
0.03385
0.01384
0.92005
0.72968
0.58004
0.31901
0.22008
0.15862
0.12400
0.03426
0.01400
0.92730
073524
0.58420
0.32090
0.22125
0.15939
0.12457
0.03440
0,01405
0.93058
0.73773
0.58605
0.32170
0.22172
0.15970
0.12479
0.03444
0.01407
0.93221
0.73896
0.58695
0.32207
0.22194
0.15983
0.12489
0.03446
0.01408

6 CONTINUED

co
0.18124
0.19628
0.20480
0.22704
0.23209
0.01784
0.07064
0.11224
0.18513
0.21290
0.23021
0.23998
0.265317
0.27111
0.01852
0.07329
0.11635
0.19147
0.21994
0.23764
0.24760
0.27343
0.279217
0.01867
0.07390
0.11731
0.19295
0.22156
0.23931
0.24930
0.27518
0.28101
0.018740
0.07405
0.11756
0.19335
0.22199
0.23976
0.24976
0.27563
0.28146
0.01870
0. 07409
0.11763
0.19348
0.22213
0.23991
0.24990
0.27571
0.28160

CH4
0.00423
0.00220
0.00135
0.00010
0.00002
0.02996
0.01886
0.01193
0.00363
0.00173
0.00090
0.00055
0.00004
0.00001
0.01362
0.00856
0.00541
0.00164
0.00078
0.00040
0.00025
0.00002
0.00000
0.00682
0.00429
0.00271
0.00082
0.00039
0.00020
0.00012
0.00001
0.00000
0.00375
0.00236
0.00149
0.00045
0.00021
0.,00011
0.00007
0.00001
0.00000
0.00222
0.00140
0.00088
0.00027
0.00013
0.00007
0.00004
0.00000
0.00000

H20
0.01436
0,01123
0.00917
0., 00282
0.00118
0.00139
0. 00437
0.00552
0. 00502
0.00399
0.00311
0. 00254
0.00078
0.00032
0.00043
0.00134
0. 00169
0.00153
0.00121
0. 00094
0.00077
0.00023
0.00010
0.00015
0. 00048
0.00060
0.00054
0.00043
0.00033
0. 00027
0.00008
0.00003
0. 00006
0.00020
0.00025
0.00022
0.00018
0. 00014
0.,00011
0.00003
0.00001
0.00003
0. 00009
0.00011
0.00010
0. 00008
0.00006
0. 00005
0.00002
0.00001

coz2
0.01730
0. 02029
0.02209
0.02715
0.02837
0.00003
0. 00041
0.00103
0.00281
0.00371
0.00434
0. 00472
0.00577
0.00602
0.00001
0.00009
0.00024
0.00064
0.00085
0.00099
0.00108
0.00131
0.00137
0.00000
0. 00003
0.00007
0.00018
0.00024
0.00027
0. 030030
0.00036
0.00038
0. 00000
0.00001
0.00002
0.00006
0.00008
0. 00009
0.00010
0.00012
0.00013
0.00000
0. 00000
0.00001
0.00002
0.00003
0.00004
0.00004
0.00005
0.00005
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Te K
500

600

700

800

9300

1000

TABLE-

a/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4,00
10.00
0.01
0.05
0.10
0.30
0.50
G.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.16253
0.47320
0.62199
0.78748
0.83195
0.85617
0.86882
0.89868
0.90490
0.15695
0.46137
0.61007
0. 77942
0.82610
0.85184
0.86538
0.89760
0.90435
0.14316
0.43228
0.58101
0.75975
0.81147
0.84055
0.85604
0.89351
0.90148
0.12280
0.38932
D.53806
0.72904
0.78678
0.81970
0.83737
0.88052
0.88977
0.10509
0.34986
0.49604
0.69200
0.75257
0.78730
0.80598
0.85173
0.86156
0.09559
0.32668
0.46943
0.66478

H2
0.01716
0.01255
0.00964
0.00504
0.00330
0.00225
0.00170
0.00042
0.00016
0.08520
0.06217
0.04765
0.02526
0.01709
0.01208
0.00931
0.00245
0.00099
0.25321
0.18339
0.13913
0.07241
0.04903
003490
0.02708
0.00732
0.00297
0.49994%
0.35742
0.26653
0.13385
0.08958
0.06340
0.04907
0.01322
0.00537
071024
0.50231
0.36983
0.18129
0.12029
0.08471
0.06538
0.01749
C.00710
0.81941
0.57668
0.42219
0.20466

co
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00002
0.00007
0.00011
0.00021
0.00027
0.00020
0.00032
0.0003¢9
0.00040
0.00026
0.00102
0.00164
0.00289
0.00344
0.00382
0.00403
0.00462
3.00476
0.00193
0.00742
0.01169
0.01925
0.02215
0.02396
0.02499
0.02763
0.02823
0.00764
0.02826
0.04285
0.06564%
0.07354
0.07826
0.08086
0.08741
0.08885
0.01439
0.05127
0.07565
0.11123

CH4
0.78791
Q0.42123
0.24839
0.06787
0.02917
0.01359
0.00769
0.00046
0.00007
0.72664
0.38685
0.22726
0,06387
0.02922
0.01461
0.00868
0.00060
0.00010
0.57526
0.30176
0.17367
0.04704
0.02157
0.01093
0.00658
0.00048
0.00008
0.35305
0.18045
0.10035
0.02530
0.01133
0.005638
0.00340
0.00025
0.00004
D.16395
0.08200
0.04445
0.01068
0.00470
0.,00233
0.00139
0.00010
0.00002
0.,06599
0,03269
0.01752
0.00412

7 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS
P= 1 ATMsN/0=10.00

H20
0.03229
0.0913¢9
0.11558
0.12172
0.10474
0. 08471
0.06982
0.02113
0.00874
0.03101
0., 08687
0.10789
0.10682
0. 08969
0.07228
0. 05986
0.01878
0.00786
0. 02784
0.07766
0. 09454
0.08677
0.07013
0. 05532
0.04537
0.01406
0.00588
0.02194
0. 06032
0.07083
0.05856
0, 04511
0.03454
0.02787
0.00830
0.00345
0. 01277
0.03342
0.03730
0.02801
0.02082
0. 01560
0.01244
000360
0, 00148
0.00451
J.,01130
0.01220
0.00870

caz
0.00011
0.00162
0. 00441
0.01789
0.03082
0.04326
0.05197
0.07930
0.08611
0.00018
0.00267
0.00700
0.02443
0.03763
0.04889
0.05644
0.08017
0.08630
0,00026
0.00389
0.01001
0.03115
0.04436
0. 05449
0.06090
0.08001
0.08483
0.00034
0.00506
0.01254
0.03400
0. 04505
0.05272
0. 05731
0.07009
0.07314
0. 00030
0.00415
0.00953
0.02237
0.02808
0. 03180
0.03395
0.03967
0. 04099
0.00011
0.00138
0.00301
0.00652

5%



Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00

N2
0.72579
0.76084
0.77972
0.82598
0.83593
0.09184
0.31778
0.45961
0.65562
0.71713
0.75250
0.77156
0.81826
0.82830
0.09043
0.31473
0.45654
0.65331
0.71513
0.75069
0.76984
0.81678
0.82687
0.08985
0.31357
0.45546
0.65263
0.71460
0.75024
0.76943
0.81646
0.82656
0.08960
0.31307
0.45502
0.65239
0.71442
0.75010
0.76931
0.81637
0.82649
0.08947
0.31283
0.45482
0.65229
0.71436
0.75005
0.76927
0.81635
0.82646

TABLE- 7 CONTINUED

H2
0.,13521
0.09497
0.07319
0.01951
0.00791
0.86246
0. 60547
0.44191
0.21289
0.14030
0.09838
0.07575
0.02015
0.00816
0.87906
0.61628
0.44905
0.21558
014187
0.09940
0.07650
0.02032
0.00823
0.88595
0.62068
0.45186
0.21655
0.14242
0.09974
0.,07675
0.02038
0.00825
0.88906
0.62265
0.45310
0.21695
0.14264
0.09987
0.07684
0.02039
0.00826
0.89061
0.62361
0.45370
0.21714
0.14273
0.09993
0.07688
0.02040
0.00826

co
0.12290
0.12973
0.13345
0.14269
0.14469
0.01705
0.05984
0.08734
0.12620
0.13860
0.14578
0.14966
0.15922
0.16128
0.01769
0.06186
0. 09001
0.12938
0.14182
0.14899
0.15286
0.16235
0.16439
0.01783
0.06234%
0.09065
0.13012
0.14255
0.14970
0.1535¢
0.16301
0.16504
0.01786
0.06246
0.09083
0.13032
0.14275
0.14989
0.15374
0.16318
0.16521
0.01787
0.06250
0.09089
0.13039
0.14281
0.14996
0.15381
0.16323
0.16526

CH4
0.00180
0.00089
0.00053
0.00004
0.00001
0.02735
0.01348
0.00718
0.00167
0.00072
0.00036
0.00021
0.00001
0.00000
0.01243
0.00611
0.00324
0.00075
0.00032
0.00016
0.00009
0.00001
0.00000
0.00623
0.00306
0.00162
0.00037
0.00016
0.00008
0.000405
0.00000
J.00000
0.00342
0.00168
0.00089
0.00020
0.00009
0.00004
0.00003
0.00000
0.00000
0.00203
0.00099
0.00053
0.00012
0.00005
0.00003
0.00002
0.00000
0.00000

H20
0.00635
0. 00471
0.00373
0.00106
0.00044%
0.00127
0. 00313
0.00333
0.00232
0.00168
0.00124
0. 00098
0.00028
0.00011
0. 00039
0.00095
0. 00101
0.00070
0.00050
0. 00037
0.00029
0.00008
0.00003
0.00014
0. 00034
0.00036
0.00025
0, 00018
0.00013
0. 00010
0.00003
0.00001
0. 00006
0.00014
0. 00015
C.00010
0.00007
0. 00005
0.00004
0. 00001
0.00000
0.00003
0. 00006
0.00007
0.00005
0. 00003
0.00002
0. 00002
0.00001
0.00000

co2
0.00796
0.00886
0.00938
0.01072
0.01103
0.00002
0. 00029
0.00062
0.00130
0. 00157
0.00174
0.00184%
0.00208
0.00213
0. 00001
0.00007
0.00014
0.00029
0.00035
0. 00039
0.00041
0.00046
0.00047
0.00000
0. 00002
0.00004
0.00008
0.00010
0.00011
0.00011
0.00013
0.00012
0. 00000
0.00001
0.00001
0.00003
0.00003
0.00004
0.00004
0.00004
0.00004
0.00000
0. 00000
0.00001
0.00001
0.00001
0.00001
0.00001
0.00002
0.00602
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Ty K
500

600

700

800

900

1000

TABLE- 8 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
44,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30

N2
0.27945
064183
0.76633
0.88070
0.90799
0.92232
0.92966
0.94660
0.95006
0.27057
0.62872
0.75497
0.87414%
0.90343
0.91902
0.92706
0.94580
0.94965
0.24866
0.59700
0.72810
0.85906
0.89276
0.91099
0.92049
0.94291
094757
0.21644
0.55166
0.69049
0.83699
0.87568
0.89672
0.90771
0.93372
0.93915
0.18858
0.51153
0.65548
0.81148
0.85296
0.87551
0.88729
0.91514
0.92094
0.17372
0.48906
0.63511
0.79549

P= 1 ATM¢:N/0=20.00

H2
0.01591
0.01032
0.00754
0.00375
0.00242
0.00164
0.00123
0.00030
0.00012
0.07893
0.05090
0.03699
0.01844%
0.01225
0.00857
0.00657
0.00171
0.00069
0.23427
0.14843
0.10561
0.05058
0.03333
0.02335
0.01796
0.00475
0.00192
0.46145
0.28345
0.19513
0.08813
0.05703
0.03958
0.03031
0.00795
0.00321
0.65387
0.39062
0.26238
0.11429
0.07315
0.05047
D.03852
0.01003
0.00405
0.75324
0.44355
0.29441
0.12695

ca
0.00000
0.00000
0. 00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00001
0.00002
0.00006
0.00009
0.00016
0.00020
0.00022
0.00024
D.00028
0.00029
0.00025
0.00086
0.00133
0.00222
0.00260
0.00285
0.00299
0.00336
0.00344
0.00183
0. 00640
0.00959
0.01469
0.01646
0.01752
0.C1811
0.01956
0.01988
0.00721
0.02363
0.03337
0.04636
0.05033
0.05259
0.05380
0.05674
0.05737
0.01334%
0. 04035
0.05430
0.07085

CH4
0.67679
0.28477
D.15222
0.03755
0.01571
0.00722
0.00405
0.00024
0.00004
0.62360
0.25935
0.13697
0.03405
0.,01501
0.00735
0.00432
0.00029
0.00005
0.49243
0.19766
0.10008
0.02295
0.00997
0.00489
0.00289
0.00020
0.00003
0.30078
011349
0.05378
0.01097
0.00459
0.00221
0.00130
0.00009
0.00001
0.13896
0.04959
0.02237
0.00425
0.00174
0.00083
0.00048
0.00003
0.00001
0.05576
J.01934
0.00852
0.00156

H20
0.02776
0.06197
0.07118
0.06793
0.05695
0. 04541
0.03715
0.01105
0. 00456
0.02673
0. 05913
0.06656
0. 05915
0.04807
0.03799
0. 03114
0.00953
0.00397
0. 02416
0.05325
0.05828
0.04670
0.03602
0. 02761
0.02228
0. 00663
0.00275
0.01920
0. 04124
0.04256
0.02942
0.02135
0.01577
0.01248
0.00354
0.00145
0.01110
0.02173
0.02061
0.01247
0.00867
0. 00625
0.00488
0.00134
0. 00055
0.00384
0.00684
0.00611
0.00341

coz
0.00009
0.00111
0.00273
0.01007
0.01692
0.02341
0.02791
0.04180
0.04522
0.00016
0.001 84
0.00442
0.01405
0.02104
0.02684
0.03067
0.04239
0.04535
0.00023
0.00279
0.00660
0.01849
0.02533
0.,03032
0.03339
0.04215
0.04428
0.00031
0.00376
0.00845
0.01980
0. 02488
0.02819
0. 03009
0.03514
0.03629
0.00027
0.00290
0.00578
0.01116
0.01315
0.01436
0.01503
0.01672
0.01709
0.00009
0.00086
0.00155
0.00264
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Ty K

1100

1200

1300

1400

1500

a/H
0.50
0.75
1.00
4400

10,00
0.01
0.05
0,10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00

N2
0.83829
0.86156
0.87372
0.90243
0.90842
0.16790
0.48091
0.62834%
0.79103
0.83448
0.85809
0.87042
0.89954
0.90560
0.16571
0.47817
0.62631
0.78998
0.83367
0.85740
0.86979
089903
0.90512
0.16481
047714
0.62560
0.78968
0.83346
0.85723
0.86964
0.89892
0.90502
0.16441
0.47669
0.62531
0.78957
0.83339
0.85718
0.86959
0.89889
0.90499
0.16422
0.47648
0.62518
0.78953
0.83336
0.85716
0.86958
0.89888
0.50498

TABLE~ 8 CONTINUED

H2
0.08025
0.05519
0.04206
0.01091
0.00440
0.79225
0.46328
0.30569
0.12974
0.08237
0.05656
0.04307
0.01115
0.00449
0.80725
0.47049
0.30959
0.13086
0.08297
0.05693
U0.04334
0.01121
0.00451
081346
047338
0.31109
0.13125
0,08318
005705
0.043242
0.01123
0.00452
0.81626
0.47466
0.31174
0.13141
0.08325
0.05710
0.04345
0.01123
0.00452
0.81765
0.47529
0.31206
0.13148
0.08329
0.05712
0.04346
0.01123
0.00452

co
0.07551
0.07809
0.07945
0.08269
0.08338
0.01568
0. 04591
0.06063
0.07726
0.08177
0.08424
0.08553
0.08858
0.08922
0.01623
0.04718
0.06201
0.07852
0.08295
0.08536
0.08662
0.08960
0.09022
0.01636
0.04749
0.06235
0.07882
0.08322
0.08561
0.08686
0.08981
0.09042
0.01639
0.04758
0.06245
0.07890
0.08329
0.08568
0.08692
0.08986
0.09047
0.01640
0.04761
0.06248
0.07893
0.08332
0.08570
0.08694
0.08588
0.09049

CH4
0.00063
0.00030
0.00017
0.00001
0.00000
0.02308
0.00789
0.00344
0.00062
0.00025
0.00012
0.00007
0.00000
0.00000
0.01048
0.00356
0.00154
0.00028
0.00011
0.000305
0.,00003
0.00000
0.00000
0.00525
0.00178
0.00077
0.00014
0.000405
0.00003
0.00001
0.00000
0.00000
0.00288
0.00097
0.00042
0.00007
0.00003
0.00001
0.00001
0.00000
0.00000
0.00171
0.00058
0.00025
0.00004
0.00002
0.00001
0.00000
0.00000
0.00000

H20
0.00231
0. 00165
0.00128
0.00034
0.00014
0.00107
0. 00184
0.00160
0.00087
0.00058
0.00041
0. 00032
0.00009
0.00003
0.00033
0.00056
0.00048
0.00026
0.00017
0. 00012
0.00009
0.00003
0.00001
0.00012
0. 00020
0.00017
0.00009
0. 00006
0.00004
0.00003
0.,00001
0.00000
0. 00005
0.00008
0. 00007
0.00004
0.00002
0. 00002
0.00001
0.00000
J. 00000
0.00002
0. 00004
0.00003
0.00002
0. 00001
0.00001
0., 00001
0.00000
0.00000

co2
0.00300
0.00321
0.00332
0.00360
0.00366
0.00002
0.00017
0. 00030
0.00049
0.00055
0.00058
0. 00060
0.00064
0.00065
0. 00000
0. 30004
0.00007
0.00011
0.00012
0.,00013
0.00013
0.00014
0.00014
0.00000
000001
0.00002
0.00003
0.00003
0.00004
0.00004
0.00004
0.00004
0. 00000
0.00000
0.00001
0.90001
0.00001
0. 00001
0.00001
0.00001
0. 00001
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00001
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TABLE- 9 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS
P= 5 ATMyN/G= 0.0

Te K Q/H N2 H2 co CH4% H20 coz2
500 0.01 0.0 0.,00844 0,00000 0.95264%4 0.03879 0.,00013
0.05 0.0 000780 0.,00000 0.81417 0.17495 0.00308

0.10 0.0 0.00709 0.00000 0.67239 0.30889 0.01163

030 0.0 0.00497 0.00001 0.33054 0.58084 0.08364

0.50 0.0 0.00367 0.00001 0.18046 0.63358 0.18229

0.75 0.0 0.00271 0.00001 0.09835 0.59949 0.29943

1.00 0.0 0.00213 0.00001 0.06094 0.54194 0.39497

4.00 3.0 0.00059 0.00002 0.00471 0.21214 0.78254
10.00 0.0 0.00024 0.00002 0.00079 0.09340 0.90555

600 0.01 0.0 0.04285 0.00001 0.91899 0.03794 0,00021
0.05 0.0 0.03966 0.00004 0.787C6 0.16832 000492

0.10 0.0 0.032616 0.00008 0.65432 0.29166 0.01778

0.30 0.0 0.02616 0.00020 0.34257 0.52222 0.10885

0.50 0.0 0.02015 0.00028 0.20329 0.56305 0.21323

0.75 0.0 0.01553 0.00035 0.12064 0.53685 0.32664

1.00 0.0 0.01258 0.00039 0.07924 0.49129 0.41650

4,00 0.0 0.00380 0.00054 0.00721 0.20351 0.78493
10.00 0.0 0.00158 0.00058 0.00125 0.09105 0.90554

700 0.01 0.0 0.13585 0.00013 0.82790 0.03582 0.00030
0.05 0.0 0.12585 0.00060 0.71052 0.15634 0.00669

0.10 0.0 0.11509 0.00111 0.59418 0.26638 0.02324

0.30 0.0 0.08509 0.00261 0.32481 0.46047 0.12702

0.50 0.0 0.06714 0.00354 0.20220 0.49312 0.23400

0.75 0.0 0.,05298 0.00429 0.12594 0.47223 0.34456

1.00 0.0 0.04371 0.00480 0.08570 0.43539 0.43040

4.00 0.0 0.01402 0.00647 0.00882 0.18829 0.78240
10.00 0.0 0.00594 0,00694 0.,00158 (0.08553 0.90002

800 0.01 0.0 0.30597 0.00091 0.66121 0.03154 0.00038
0.05 0.0 0.28376 0.00419 0.56868 0.13529 0.00808

0.10 0.0 0.26019 0.00767 0.478l5 0.2269 0.02703

0.30 0.0 0619547 0.01719 0.26986 0.38188 0.13559

0.50 0.0 0.15662 0.02287 0.17324 0.40717 0.24011

0.75 0.0 0.12547 0.02741 0.11119 0.39098 0.34494%

1.00 0.0 0.10467 0.03044 0.07738 0.36218 0.42532

4,00 0.0 0.03504 0.04054 0.00867 0.16145 0.75431
10.00 0.0 0.01504 0.04343 0.,00160 0.07422 0.86571

900 0.01 0.0 0.52450 0.00391 0.44705 0.,02415 0.00040
0.05 0.0 0.48694 0.01776 0.38532 0.10179 0.00819

D.10 0.0 0.44758 0.03197 0.32554 0.16839 0.02653

0.30 0.0 034023 0.06932 0.188l1 0.27758 0.12476

0.50 0.0 0.,27533 0.,09107 0.12319 0429510 Q.21532

0.75 0.0 0.22265 0.10832 0.08056 (0.28385 0.30463

1.00 0.0 0.18702 0,11981 0.05684 0.26370 0.37264

4.00 0.0 0.06428 0.15834 0.00671 0.11978 0.65089
10.00 0.0 0.02782 0.16950 0.00126 Q0005550 0.74591
1000 0.01 0.0 0.72037 0.01024 0.25502 0.01409 0.00028
0.05 0.0 0.66894 0.04631 0.21991 0.05918 0.00565

0.10 0«0 0.61520 0.08304 0.18600 0,09759 0.01816

0.30 0.0 0.46894 0.17874 0.10807 0.16011 0.08414



Ts K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0'30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
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TABLE~ 9 CONTINUED

H2
0.38042
0.30836
0.25948
0.08983
0.03898
D.84616
0.78520
0.72101
0.54585
044045
0.35534
0.29800
0.10191
0.04405
0.91216
0.84606
0.77609
0.58437
0.46928
0.37686
0.31498
0.10627
0.04573
0454432
0.87577
0.80307
D4 60352
0.48376
0.38778
0.32364
0.10856
0.04663
0.96006
0.89031
0.81629
0.61298
0.49098
0.39326
0.32803
0.10977
0.04711
0.96817
0.89781
0.82311
0.61785
0.49468
039606
0.33026
0.11037
0.04734

cao
0.23407
0.27787
0.30701
0.40492
0.43337
0.01618
0.07408
0.13423
0.29445
0.38827
0.46273
0.51226
0.67803
0.72592
0.01876
0.08655
0.15794
0.35159
0.46650
0.55806
0.61901
0.82250
0.88094
0.01949
0.09015
0.16489
036900
0.49077
0.58796
0.65272
0.86872
0.93060
0. 01966
0.09102
0.16664
0.37368
0.49747
0.59637
066227
0.88205
0. 94495
0.01969
0.09118
0.16701
De37494
049940
0.59888
0.66518
0.88625
0.94948

CH4
0.07112
0.04673
0.03309
0.00397
0.00075
0.13164
0.11335
0.09558
0.05478
0.03567
0.02321
0.01633
0.00191
0.00036
0. 06691
0.05757
0.04844
0.02746
0.01771
0.01142
0.00798
0.00091
0.00017
0.03537
0.03042
0.02558
0.01445
0.00928
0.00596
0.00415
0.00047
0.00009
0.01994
0.01715
0.01442
0.00813
0.00522
0.00335
0.00233
0.00026
0.00005
0.01198
0.01030
0.00866
0.00488
0.00313
0.00201
0.00139
0.00016
0.00003

H20
0.17010
0. 16368
0.15218
0. 06949
0.03227
0.00591
0. 02512
0.0418C
0.06941
0.07385
0.07101
0.06592
0.02984
0.01381
0. 00214
0.00517
0.01534
0. 02572
0.02740
0.02633
0.02441
0.01094
0. 00504
0.00081
0. 00346
0.00581
0.00976
0. 01041
0.01000
0.00926
0. 00414
0.00190
0.00034
0.00145
0.00243
0. 00410
0.00437
0.00419
0.00389
0.00173
0. 000890
0.00016
0.00067
0.00113
0.00190
0.00203
0.00195
0.00181
0. 00080
0.00037

coz
0.14429
0.20335
0.24824
0.43180
0.49463
0.00011
0. 00225
0.00738
0.03551
0. 06175
0.08771
010749
0.18832
0.21586
0. 00003
0.00066
0.00219
0.01085
0.01910
0.02733
0.03363
0.05938
0. 06812
0.00001
0.00020
0.00065
0.00327
0.00578
0.00830
0.01022
0.01811
0.02078
0.00000
0.00007
0.00022
0.00111
0.00197
0.00283
0.00349
0.00619
0.00710
0.00000
0.00003
0.00009
0.00043
0.00077
0.00111
0.00136
0.00242
0.00278



Ty K
500

600

700

800

900

1000

TABLE-10 EQUILIBRIUM GAS-PHASE MCOLE FRACTIONS
P= 5 ATMyN/0O= 1.00

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
De10
0.30
0.50
0.75
1.00
4,00
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00
10.00
0.01
0.05
0.10
0.30

N2
0.01915
0.08302
0.14239
0.27215
0.33283
0.37460
0.39967
0.47048
0.48776
0.01882
0.08175
0.14046
0.26967
0.33056
0.37266
0.39800
0.46985
0.48743
0.01794
0.07829
0.13518
0.26258
0.32379
0.36660
0.39257
0.46713
0.48558
0.01631
0.07185
0.12518
0.24822
0.30925
035274
037949
0.45790
047773
0.01420
0.06322
0011123
0.22561
0.28429
0.32693
0.35353
043323
0.45383
0.01227
0.05482
0.09679
0.19810

H2
0.00836
0.00747
0.00656
0.00424
0.,00300
0.00214
0.00165
0.00043
0.00017
0.04244%
0.03796
0.03346
0.02227
0.01641
0.01223
0.00970
0.00275
0.00112
0.13453
0.12045
0.10643
0.07219
0.05435
0.04140
0.03339
0.00999
0.00415
0.30301
0.27146
0.24029
0.16486
0.12555
0.09675
0.07870
0.02431
0.01021
0.51940
0.46564
0.41278
0.,28525
0.21853
0.16931
0.13826
0.04333
0.01827
0.71336
063969
0.56734
0.39277

cao
0. 00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0. 00001
0.00001
0.00004
0.00008
0.00017
0.00023
0.00028
0.00031
0.00039
0.00042
0.00013
0.00057
0.00104
0.00224
0.00291
0.00341
0.00374
0.004T71
0.00497
0.00090
0.00404
0.00717
0.01487
0.01894
0.02195
0.02384
002960
0.03111
0.00388
0.01715
0.03000
0.06027
0.07575
0.08704
0.09410
0.11545
0.12103
0.01016
0.04462
0.07765
0.15451

CH4
0.93432
0.74629
0.57625
024021
0.12016
0.06138
003650
0.00249
0.00040
0.50130
0.72131
0.56043
0.24828
0.13475
0.07483
0.04713
0.00377
0.00063
0.811S5
0.65085
0.50813
0.23378
0.13250
0.07690
0.05003
0.00448
0.00077
0.64844
0.52047
040779
019196
0.11133
0.06611
0.04375
0.00418
0.00074
0.43840
0.35235
0.27689
0.13223
0.07760
0.04658
0.03107
0.00305
0.00054
0.25009
0.20110
0.15818
0.07581

H2 O
0. 03805
0.16039
0.26483
0.42250
0.42235
0.37456
0.32501
0.11221
0. 04780
0.03722
0.15442
0.25028
0.38006
0.37520
0.33498
0.29404
0. 10717
0.04635
0, 03515
014367
0.22912
0. 33552
0.32824
0.29359
0.25912
0.09783
0. 04286
0.03098
0.12468
0. 19594
0.27862
0.27029
0.24136
0.21329
0. 08181
0.03609
0. 02373
0. 05400
0.14574
0. 20234
0.19484
0.17344
0. 15313
0.05888
0. 02603
0.01384
0.05453
0. 08416
0.11593

caz2
0.00013
0.00282
0.00997
0. 06090
0.12165
0.18731
0.23716
0.41437
0.46386
0.00021
0.00452
0.01528
0.07955
0.14284
0.20503
0.25083
0.41607
0.46404
0.00030
0.00617
0.02010
0. 09370
D.15822
0.21809
0.26115
0.41585
0.46167
0.00037
0.00749
0,02362
0.10147
0.16464
0.22109
0.,26092
0.40220
044413
0.00039
0.00764
0.02336
0. 09431
0.14899
0.19669
0.22991
U0.34606
0.38030
0.00027
0.00524
0.01588
0.06288
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4+00

10.00
0.01
0.05
D.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
Je10
0-30
0.50
0.75
1.00
4.00

10.00

N2
0.25089
0,28964
0.31397
0.38773
0.40700
0.01102
0.04908
0.08643
0.17593
0.22224
0.25612
0.27734
034140
0.35807
0.01037
0.04616
0.08125
0.16509
0.20826
0.23972
0.25936
0.31833
0.33359
0.01005
0.04483
0.07902
0.16098
0.20327
0.23409
0.25323
0.31106
0.32597
0.00920
0.04422
0.07804
0.15939
0.20148
0.23219
0.25137
0.30890
0.32376
0.00982
0.04392
0.07T757
0.15870
0.20076
0.23146
0.25064
0.30819
0.32305

TABLE-10 CONTINUED

H2
0.30126
U.23363
0.19091
0.05994
0.02529
0.83795
0.75111
0.66561
0.45919
0.35129
0.27181
0.22176
0.06924
0.02%16
0.90331
0.80943
0.71679
0.49292
0.37614
€.29039
0.23654
0.07344
0.03088
0.93516
0.83783
0.74167
0.50910
0.38792
0.29909
0.24341
0.07532
0.03164
C.95074
0.85170
0.75377
0.51684
0.39246
0.30312
0.24655
0.07614
0.03197
0.95878
0.85885
0.75998
0.52073
0.39621
0.30508
0.24805
0.07651
0.03211

co
0.19342
0.22163
0.23924
0.,29222
0.30600
0.01603
0,07100
Del2441
0.25067
0.31525
0.36223
0.39156
0.47983
0.50274
0.01857
0.08274
0.14570
029645
0.37430
0.43113
0.46667
0.57363
0.60138
0.01930
0.08615
0.15200
0.31040
0.39247
0.45242
0.48992
0.60269
0.63185
0.01947
0.08700
0.15364
0.31430
0.39765
0.45854
049662
0.61103
0. 64062
0.01949
0.08717
0.15403
0.31544
0.39924
0.46046
0.49873
0.61368
0.64338

CH4
0044050
0.02682
0.01791
0.00177
0.00031
0.12909
0.10372
0.08145
0.03877
0.02269
0.01358
0.00904
0.00088
0.00016
0.06562
0.05269
0.04132
0.01954
0.01138
0.00678
0.00450
0.00043
0.00008
0.03469
0.02784
0.02182
0.01028
020597
0.00355
0.00235
0.00023
0.00004
0.01956
0.015569
0.01229
0.00578
0.00335
0.00199
0.00132
0.00013
0.00002
0.01175
0.00943
0.00738
0.00347
0.00201
0.00119
0.00079
0.00007
0.00001

H20
0.11131
0. 09891
0.08724
0.03346
0. 01478
0.00580
0.02303
0.03576
0.04971
0. 04782
0.04252
0,03750
0.01435
0.00633
0. 00210
0.00838
0.01307
0. 01829
0.01762
0., 01567
0.01382
0.00527
0. 00232
0.00079
0. 00316
0.00494
0.00693
00 00668
0.00593
0.00523
0.00199
0.00088
0.00033
0.00133
0.00207
0. 00291
0.00280
0. 00249
0.00219
0.00083
0. 00037
0.00015
0.00062
0. 00096
0.00135
0.00130
0.00116
0.00102
0. 00039
0.00017

coz
0.09852
0.12937
0.15073
0.22489
0.24661
0.00011
0.00206
0.00634
0.02574%
0.04071
0.05375
0.06281
0.09431
0.10353
0. 00003
0.00060
0.00186
0. 00771
0.01230
0.01631
0.01911
0.02888
0.03174
0.00001
0.00018
0.00055
0.00231
0. 00370
0.00491
0.00576
0. 00872
0.00958
0.,00000
0.00006
0.00019
0. 00079
0.00126
0.00167
0.00196
0.00297
0.00326
0.00000
0.00002
0.00007
0.00031
0.00049
0.00065
0.00077
0.00116
0.00128
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Ty K
500

600

700

800

200

1000

TABLE-11 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.02758
0.15329
0.24G623
042777
0.49935
0.54495
0.57103
0.63988
0.65569
0.03694
0.15104
0.24608
0.42432
0.49641
0.54256
0.56902
0.63917
0.65532
0.03522
0.14491
0.23745
0.41450
0.48770
0.53513
0.56255
0.63616
065330
0.03206
0.13350
0.22114
0.39476
0.46915
0.51831
0.54712
0.62600
0.64475
0.02796
0.11821
0.19843
0.26380
0.43744
0.48710
0.51658
0.598%0
0.61883
0.02422
0.10335
0.17493
0.32618

P= 5 ATMsN/0= 2.00

H2
0.00828
0.00718
0.00614
0.00376
0.00259
0.00183
0.00140
0.00036
0.00014
0.04204
0.036417
0.03129
0.01971
0.01417
0.01039
0.00817
0.00225
0.00092
0.12326
0.11567
0.09942
0.06365
004669
0.03495
0.02789
0.00811
0.00335
0.30012
0.26055
0.22408
Del4447
0.10685
0.08067
0.06482
0.01932
0.00804
051443
044660
0.38418
0.24819
0.18399
0.13925
0.11208
0.03365
0.01403
0.70652
0.61332
052749
0.34040

co
0. 00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0. 00004
0.00007
0.00015
0.00020
0.00024
0.00026
0.00033
0.00034%
0. 00012
0.00055
0.00097
0.00199
0.00253
0. 00292
0.00317
0.00389
0.00407
0.00089
0.00390
0.00677
0.01332
0.01655
0.01886
0.02028
0.02443
0.02548
0.00385
0.01661
0.02837
0. 05407
0.06623
0.07472
0.07988
0.09479
0.09853
0.01008
0.04309
0.07311
0.13740

CH4
0.91669
0.68884
0.50413
0.18860
0.09002
0.04458
0.02603
0.00169
0.00027
0.88429
0.66563
048996
0.19440
0.10053
0.05406
0.03341
0.00254
0.00042
0.79660
0.60024
0.44341
0.18176
0.09779
0.05478
0.03490
0.00295
0.00050
0.63614
0.47944
035464
0.14740
0.08063
0.04596
0.02967
0.00264
0.00046
0.43005
0.32413
023985
0.10010
005501
0.03151
0.02042
0.00184
0.00032
0.24531
0.18486
013674
0.05695

H20
0. 03733
0.14808
0.23177
0.33199
0.31672
0.27232
0.23205
0.07625
0. 03210
0.03652
0.14264
0. 21919
0.29868
0. 28117
0.24318
0.20951
0.07256
0.03101
0.03451
0.13290
0.20101
0. 263606
0.24543
0.21224%
0. 18358
0.06552
0.02831
0.03043
0.11561
0. 17235
0.21867
0.20104
0.17294
0.14939
0. 05366
0.02328
0.02333
0. 08729
0.12827
0.15794
0.14343
0.12246
0.10538
0.03754
0.01627
0.01360
0.05048
0. 07367
0.08935

coz2
0.00012
0.00261
0.00873
0. 04789
0.09131
0.13632
0.16949
0.28181
0.31179
0.00021
0.00418
0.01341
0.06274
0. 10752
0.14957
0.17962
0.28315
0.31199
0.00029
0.00573
0.01773
0. 07442
0.11986
0.15998
0.18790
0.28337
0.31046
0.00037
0.00699
0.02101
0.08139
0.12578
0.16326
0.18872
0.27396
0.29799
0.00039
0.00716
0.02089
0.07590
0.11389
014496
0.16566
0.23329
0.25202
0.00027
0.00489
0.01408
0.04972
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

NZ
0.39516
0.44222
0.,47037
0.54980
0.56921
0.02178
0.09320
0.15814
0.29631
0.35969
0.40304
0.42900
0.50232
0.52024
0.02051
0.08806
0.14980
0.28205
0.34298
0.38470
0.40970
0.48028
0.49751
0.01990
0.08572
0.14623
0.27671
0.33713
0.37858
040343
0.47361
0.49075
0.01961
0.08464
0.14465
027466
0.33505
0.37653
0.40140
0.47167
0.48883
0.01946
0.08410
0.14389
0.27377
0.33421
0.37574
0.40066
0.47103
0.48821

TABLE-11 CONTINUED

H2
0.25212
0.19066
0.15337
0.04594
0.31915
0.829%2
0.72015
0.61884
0.39795
0.29398
0.22183
0.17818
0.05310
0.02210
0.89464
0.77T601
0.66630
0.42703
0.31470
0.23698
0.19009
0.05640
0.02344
0.92619
0.80314
0.68919
0.44061
0.32414
0.24374
0.19533
0.05777
0.02399
0.94161
0.81635
0.70025
0.44695
0.32844%
0.24674
0.19761
0.05832
0.02421
0.94956
0.82315
0.70590
C.45010
0.33052
0.24816
0.19867
0.05857
0.02430

COo
0.16726
0.18788
0.20032
0.23592
024475
0.01588
0.06819
0.11608
0.21925
0.26725
0.30036
0.32031
G.37714
0.329116
0.0183%
0.07926
0.13530
0.25675
0.31339
0.35244
037595
0.44274%
0.45915
0.01911
0.08249
0.14101
0.26808
0.32734
0.36814
0.39267
0.46216
0.47922
0.01928
0.08331
0.14254%
0.27132
0.33136
0.37267
0.39748
046770
0.48488
0.01930
0.C8250
0.14294
0.27231
0.33263
0.,37412
0.39903
0. 46545
0.48666

CH4
0.03124
0.01786
0.01156
0.00104
C.00018
0.12663
0.09535
0.07041
0.02912
0.01589
0.00905
0.00584
0.00082
0.0000¢9
0.06437
0.04843
0.03570
001466
0.00796
0.00452
0.00291
0.00026
0.,00004
0.03402
0.02558
0.,01884
0.00770
0.00417
0.00236
0.00151
0.00013
0.00002
0.01918
0.01442
0.01061
0.00432
0.00233
0.00132
0.00084
0.00007
0.00001
0.01153
0.00866
0.00637
0.00259
0.00140
0.00079
0.00050
0.00004
0.00001

H20
0.08055
0. 06843
0.05869
0.02071
0. 00895
0.0056¢
0. 02121
0.03102
0.03768
0. 03393
0.02877
0.02465
0. 00865
0.00273
0. 00206
0.00770
0.01128
0.01372
0.01235
0. 01045
0.00895
0.00313
0. 00135
0.00078
0.00290
0., 00426
0.00518
0. 00465
0.003%93
0.00336
0.00117
0.00050
0.00032
0. 00122
0.00179
0. 00217
0.00195
0.00164
0. 00140
0.00049
0. 00021
0.00015
0.00057
0. 00083
0.00101
0. 00090
0.00076
0.00065
0. 00023
0.00010

coz2
0.07367
0.09296
0.10568
0.14659
D.15776
0.00010
0.00190
0.00552
0.01969
0. 02926
0.03695
0.04203
0.05826
0.06268
0.00003
0.00055
0.00161
0. 00579
0.00862
0.01090
0.01241
0.01720
0. 01850
0.00001
0.00016
0. 00048
0.00172
0.00257
0.00325
0.00370
0.00513
0.00551
0.00000
0.00006
¢.00016
0. 00059
0.00087
0.,00110
0.00126
0.00174
0.00187
0.00000
0.00002
0.00006
0.00023
0.00034
0. 00043
0.00049
0. 00068
0.00073
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Ty K
500

600

700

800

S00

1000

TABLE~12 EQUILIBRIUM GAS-PHASE NOLE FRACTIONS

Q/H
0.01
0.05
0.10
030
0.50
0.75
1.00
4,00

10.00
0.01
0.05
010
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
075
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
D.05
0.10
0.30

N2
0.05533
0.21354
0.33237
0.52851
0.59930
0.64234
0.66625
0.72716
0.74069
0.05440
0.21052
0.32841
0.52465
0.59615
0.63984%
0.66420
0.72646
0.74034
0.05189
0.20229
0.31758
0.51372
0.58688
0.63216
0.65762
0.72351
0.73837
0.04727
0.18701
0.29717
0.49187
0.56732
0.61493
0.64206
0.71361
0.73006
0.04129
0.16655
0.26881
0.45780
0.53406
0.58312
0.61141
0.68732
0.70505
003584
0.14667
0.23953
0.41661

P= 5 ATMyN/0= 3,00

H2
0.00820
0.00692
0.00579
0.00341
0.00232
0.00162
0.00123
0.00031
0.00012
0.04164
0.03514
0.02949
0.01786
0.01265
0.,00919
0.00718
0.00195
0.00079
0.13201
0.11141
0.09359
005747
0.04145
0.03069
0.02434
0.00696
0.00286
0.29730
0.25076
0.21056
0.12964
0.09402
0.07008
0.05587
0.01630
0.00675
0.50958
042945
0.36013
0.22109
0.16025
0.11944%
0.09526
0.02786
0.01154
0.69984%
0.58940
0.49365
0.30171

co
0. 00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0. 00004
0.00007
0.00014
0.00018
0.00021
0.00023
0.00028
0.00030
0.00012
0.00053
0.00092
0.00182
0.00227
0.00260
0.00280
0.,00339
0.00354
0.00089
0.00378
0. 006432
0.01218
0.01491
0.01681
0.01796
0.02126
0.02208
0.00283
0.,01611
0.02699
0. 04946
0.05955
0.06641
0.07050
0.08202
0.08483
0.01000
0.04169
0. 06920
0.12445

CH4&
0.89971
0.63960
0.44803
0.15521
0.07194
0.03499
0.02022
0.00128
0400020
0.86789
0.61789
0.43511
0415957
0.08004
0404222
0.02582
0.00191
0.00031
0.78180
0455678
0.39298
0.14817
0.07707
0.04225
0.02658
0.00217
0,00037
0.62427
044411
0.31311
0.11869
0.06244
0.03468
0.02205
0.00188
0.00032
0.42198
0.29971
0.21076
0.07943
0.04173
0.02318
0.01475
0.00126
0.00022
0.24069
0.17072
0.11976
0.04473

H20
0. 03664
0.13752
0.20605
0. 27340
0.25333
0.21389
0.18041
0.05773
0. 02416
0.03585
0.13253
0. 19498
0.24595
0.22472
0.19074
0.16258
0. 05476
0.02326
0.03389
0. 12364
0.17905
0. 21699
0.19567
0.16576
0. 14170
0.04899
0.02102
0.02991
0.10777
0. 15379
0.17950
0.15932
0. 13386
0.11405
0. 03941
0.01694
0.02294
U. 08144
0.11440
0.12870
0.11232
0.09335
0. 07904
0.02689
0.01153
0.01337
0.04694%
0. 06526
0.07172

co2
0.00012
0.00242
0.00777
0.032947
0.07310
0.10716
0.13188
0.21352
0. 23481
0.00020
0.00389
001195
0.05184
0. 08627
0.11781
0.13999
0.21463
0.23500
0.00029
0.00534
0.01587
0.06183
0.09666
0.1265%
0.14696
0.21498
0.23385
0.00036
0.00656
0.01895
0.06811
0.,10200
0.12964%
0.14802
0.20753
0.22384
0.00038
0. 00674
0.01891
0.06352
0.09208
0.11449
0.12903
0.17465
0.18684%
0.00026
0.00458
0.01261
0.04079
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Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0,01
0.05
0.10
0.30
0.50
0,75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.49002
0.53780
0.56555
0.64064
0.65831
0.03228
0.13313
0.21873
0.38452
0.45408
0.49957
0.52604
0.59784
0.61476
0.03043
0.12627
0.20849
036959
0.43776
0.48247
0.50852
0.57925
0.59592
0.02955
0.12317
0.20411
0.36408
0.43217
0.47690
0.50299
0.57385
0.59054
0.02912
0.12174
0.20219
0.36198
0.43020
047505
0.50122
0.57229
0.58903
0.02890
0.12102
0.20127
0.36107
0.42940
0.47435
0.50057
0.57178
0.58855

TABLE-12 CONTINUED

H2
0.,21806
0.16216
0.12915
0.03759
0.01555
0.82205
0.69188
0.57873
0.35199
0.25358
0.18809
0. 14954
0.04329
0.01789
0.88615
0.74537
0.62273
0.37709
0.,27089
0.20048
0.15915
0.04586
0.01892
0.91738
0.77127
064379
0.38854%
0.27853
0.20580
0.16320
0.04688
0.01933
0.63265
0.78386
0.65391
0.39380
0.28193
0.20809
0.16492
0.04727
0.01948
0.94053
0.79033
0.65906
0.39639
0.28355
020916
0.16570
0.0474%
0.01955

co
0.14856
0.16468
0.17421
0.20064
0.20701
0.01573
0. 06562
0.10889
0.19538
0.23282
0.25770
0.27234
0.31264
0.32227
0.01821
0.07607
0.12634%
0.22668
0.26990
0.29851
0.3152¢8
0.36119
0.37209
0.01892
0,07914
0.13153
0.23603
0.28090
0.31051
0.32782
0.37504
0.38621
0.01909
0.07993
0.13296
0.23873
0.28408
0.31397
0.33142
0.37892
0.39013
0.01912
0.08012
0.13335
0.23958
0.285140
0.31508
0.33258
0.38015
0.39136

CH4
0.02337
0.01292
0.00820
0.00069
(. 00012
0.12424
0.08801
0.06158
0.02278
0.01182
0.00650
0.00411
0.00034
0.00006
0.06315
0.04468
0.03119
0.01144
0.00590
0.00323
0.00204
0.00017
0.00003
0.03338
0.02359
0.01644
0.00599
0.,00308
0.00168
0.00106
0.00009
0.00001
0.01882
0.01329
0.00925
0.00336
0.00172
0.00094%
0.00059
0.00005
0.00001
0.01131
0.00799
0.00555
0.00201
0.00103
0.00056
0.00035
0.00003
0.00000

H20
0.06188
0.05101
0.04298
0.01441
0. 00615
0.00559
0. 01961
0.02721
0.02970
0. 02550
0.02093
0.0175¢
0. 00584
0.00249
0.00202
0.00710
0.00985
0. 01070
0.00915
0. 00749
0.00628
0.00207
0. 00088
0.00076
0.00268
0. 00371
0.00402
0.00343
0.00280
0.00235
0. 00077
0.00033
0.00032
0.00112
0.00156
0. 00168
0.00143
0.00117
0. 00098
0.00032
0. 00014
0.00015
0.00052
0. 00072
0.00078
0. 00066
0.00054%
0.00045
0. 00015
0.00006

co2
0.05812
0.07142
0.07992
0.10602
0.11286
0.00010
0.00176
0.00486
0.01564%
0.02220
0.02720
0.03038
0. 04004
0.04254
0.00003
0.00051
0.00140
0.00451
0.00639
0.00782
0.00872
0.01145
0.01215
C.00001
0.00015
0., 00042
0.00134
0.00189
0.00231
0.00258
0.00338
0.00358
0.00000
0.00005
0.00014
0.00045
0.00064%
0.00078
0.00087
0.00114
0.00121
0.00000
0.00002
0.00005
0.00018
0.00025
0.00031
0.00034
0.00045
0.00047
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Ty K
500

600

700

800

200

1000

TABLE-~13 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

a/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
D.05
0.10
0.30
050
0.75
1.00
4,00

10.00
0.01
0.05
0.10
030

N2
0.06842
0.25399
0.38430
0.58425
0.65219
0.69247
0.71453
0.76969
0.78175
0.06728
0.25048
037991
0.58025
0.64900
0.568998
0.71249
0.76901
0.78141
0.06419
0.24096
0.36791
0.56896
063967
0.68236
0.70602
0.76616
0.77951
0.05853
0.22329
0.34533
0.54651
0.62008
0.66538
0.69081
0.75663
0.77152
0.05119
0.19964
0.31403
0.51164
0.58693
0.63414
0.66095
0.73140
0.74756
004449
0.17670
0.28178
0.46972

P= 5 ATM,N/0= 3.76

H2
0.00814
0.00673
0.00556
0.00320
0.00216
0.00150
0.00114
0.00028
0.00011
0.04135
0.03421
0.02830
0.01674
06.01176
0.00850
0.00663
0.00179
0.00073
0.13109
0.10844%

0.08976

0.05375
0.03841
0.02827
0.02235
0.00633
0.00260
0.29521
0.24395
0.20162
0.12071
0.08657
0.06406
0.05086
0.01467
0.00606
0.50596
041747
0.34417
0.20473
0.14646
0.10822
0.08588
0.02476
0.01022
0.69485
0.57260
047104
0.27823

co
0. 00000
0.00000
0. 00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00001
0.00004
0.00006
0.00013
0. 00017
0.00019
0.00021
0.00026
0.00027
0. 00012
0.00052
0.00089
0.00171
0.00212
0.00242
0.00260
0.00312
0.00324
0.00088
0.00370
0.00620
0.01150
0.01394
0.01563
0.01665
0,01953
0.02024%
0.00380
0.01577
0.02607
0. 04664
0.05561
0.06160
0.06515
0.07499
0.07736
0.00994
0.04070
0.06657
0.11643

CH4%
0.88719
0.60655
0.41300
0.13674
0.06238
0.03005
0.01728
0.00108
0.00017
0.85580
0.58583
0.40085
0.14031
0. 06921
0.03615
0.02198
0.00160
0.00026
0.77088
0.52758
0.36145
0.12963
0.06617
0.03585
0.02241
0.00180
0.00030
0.61550
0.42032
0.28711
0.10290
0.052¢3
0.02898
0.01827
0.00152
0.00026
0.41601
0.28321
0.19249
0.06811
0.03486
0.01903
0.01198
0.00100
0.00017
0.23727
0.16113
0.10904
0.03804

H20
0.03613
0.13043
0.18998
0. 24100
0.21980
0.18383
0.15424%
0.04871
0. 02032
0.03536
0.12574
0. 17984
0.21677
0.19485
0.16375
0.13881
0. 04611
0.01952
0. 03344
0.11741
0.16529
0.19112
0.16932
0.14187
0.12051
0.01751
0.02952
0.10247
0. 14210
0.15773
0.13722
0. 11381
0.09623
0. 03257
0.01393
0.02266
0. 07746
0.10559
0.11239
0.09586
0.07847
0. 06585
0.02185
0. 00931
0. 01319
0.04452
0. 05990
0.06188

co2
0.00012
0.00230
0.00716
0.03480
0.06346
0.09215
0.11281
0.18024
0.19763
0.30020
0.00369
0.01103
0.04579
0. 07501
0.10143
0.11988
0.18123
0.19781
0.00028
0.00508
0.01471
0.05483
0.08431
0.10924
0.12612
0.18161
0.19683
0.00036
0.00627
0.01765
0.06066
0.08925
0.11215
J0.12719
0.17508
0.18800
0.00038
0., 00645
0.01764
0.05649
0.08028
0.09853
0.11019
0.14600
0.15538
0.00026
0.00436
0.01167
0.03570
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Te K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4000

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
001
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
054334
0.59002
0.61670
0.68733
0. 70362
0.04013
0.16110
0.,25901
Ca43757
0.50854
0.55378
0.57969
0.64846
0.66435
0.03786
0.15323
0.24787
0.42292
0.49318
0.53810
0.56387
0.63234
0.64817
0.03677
0.14966
0.24313
0.41757
0.48799
0.53309
0.55897
0.62777
0.64367
0.03624
0.14802
0.24104
0.41553
048617
053143
0455741
0.62647
Oe64242
0.33597
0.14720
0.24004
0.41465
048544
0.53080
0.55685
0.62605
0.64202

TABLE-13 CONTINUED

H2
0.19822
0.14600
0.11562
0.03313
0.01366
0.81617
0.67192
0.55176
0.32388
022985
0.16881
0.13343
0.03801
0.01565
0.87980
0.72368
0.59332
034640
0.24504
0.17952
Oe.14167
0.04017
0.01651
0.91079
0.74868
0.61309
0.,35652
0.25161
0.18401
0.14506
0.04100
0.01684
0.92594
0.76081
0.62255
0.36112
0.25449
0.18592
0e14647
0.04131
0.01696
0.93376
0.76704
0.62736
0.36337
0.25586
0.18680
0.14711
0.04145
0.01701

co
0.13740
0.15116
0.15920
0.18113
0.18633
0.01563
0. 06380
0.10404
0.18063
0.21234
0.23296
0.24492
0.27723
0.28481
0,01808
0.07382
0.1203¢
0.20820
0.24423
0.26750
0.28093
0.31695
0.32533
0.01878
0.07676
0.12514
0.21636
0.25355
027747
0.29124
0.32798
0.33651
0. 01895
0.07754
0.12648
0.21873
0.25625
0.280324
0. 29419
0.33106
0.3395¢%
0.01898
0.07773
0.12686
0.21949
0.25712
0.28127
0.29514%
0.33203
0.34056

CH4
0.01931
0.01048
0.00657
0.00054
0. 00009
0.12247
0.08301
0.05597
0.,01929
0.00971
0.00524
0.00327
0.00027
0.00005
0.06225
0.04212
0.02831
0.00965
0.00483
0.00259
0.00161
0.00013
0.00002
0.03290
0.02223
0.01491
0.00504
0.00251
0.00134
0.00083
0.00007
0.00001
0.01855
0.01252
0.00839
0.00282
0.00140
0.00075
0.00046
0.00004
0.000C1
0.01115
0.00752
0.00503
0.00169
0.00084
0.00045
0.00028
0.00002
0.00000

H20
0.05202
0.04216
0.03516
0.01146
0. 00486
0.00551
0.01851
0.02479
0.02526
0. 02108
0.01698
0.01411
0. 00455
0.00192
0. 00199
0.00669
0.00893
0. 00903
0.00749
0. 00601
0.00498
0.00159
0. 00067
0.00075
0.00252
0.00336
0.00338
0. 00280
0. 00224
0.00185
0. 00059
0.00025
0.00031
0. 00106
0.00141
0.00141
0.00117
0.00093
0. 00077
0.00024
0. 00010
0.00015
0.00049
0. 00065
0.00066
0.00054
C. 00043
0.00036
0.00011
0.00005

coz
0.04972
0.06018
0.06675
0.08640
0. 091 44
0.00010
0.00167
0.00443
0.01337
0.01847
0.02223
0.02457
0.03148
0.03323
0.00003
0. 00048
0.00127
0.00380
0.00524
0.00628
0.00693
0.00882
0.00929
0.00001
0.00014
0.00038
0.00112
0.00154
0.00185
0.00204
0.00258
0.00272
0.00000
0.00005
0.00013
0.00038
0.00052
0.00063
0. 00069
0.00087
0.00092
0.00000
0.00002
0. 00005
0.00015
0.00020
0.00024
0.00027
0.00034
0.00036
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Ty K
500

600

700

800

900

1000

TABLE-14 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
D75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
075
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.08893
0.31149
0.45336
0.65122
0.71358
0.74949
0.76884
0.81622
0.82640
0.08746
0.30736
0.44848
0.64714%
0.71043
0.74707
0.T76687
0.81558
0.82608
0.08349
0.29616
0.43517
0.63570
0.70125
0.73971
0.76068
0.81291
0.82431
0.07622
0.27540
0.41024
0.61314
0.68218
0.72347
0.74626
0.80402
0.81684
0.06679
0.24766
0.37582
0.57835
0.65013
J0.69378
0.71812
0.78060
0. 79462
0.05818
0.22082
0.34051
0.53693

P= 5 ATMyN/O= 5.00

H2
0.00805
0.00647
0.00523
0.00293
0.00196
0.00135
0.00102
0.00025
0.00010
0.04089
0.03286
0.02664
0.01530
0.01064%
0.00764
0.00594
0.00159
0.00064
0.12962
0.10408
0.08439
0. 04894
0.03456
0.02526
0.01989
0.00558
0.00229
0.29189
0.23390
0.18907
0.10911
0.07717
0.05659
0.04470
0.01272
0.00523
0.50023
0.39969
032165
0.18347
0.12909
0.09437
0.07441
0.02109
0.00867
0.68692
0.54756
C.43897
024764

co
0. 00000
0,006000
0.00000
0. 00000
0.00000
0.00001
0. 00001
0.00001
0.00001
0.00001
0.00004
0.00006
0.00012
0.00015
0.00018
0.0001¢9
0. 00023
0.00024
0.00012
0.00050
0.00084
G. 00157
0.00193
0.00219
0.00234
0.00278
0. 00289
0.00087
0.00357
0. 00588
0.01060
0.01272
0.01416
0.01502
0.01743
0.01802
0.00377
0.01525
0.02476
0.04293
0.05055
0.05555
0.05848
0.06645
0.06834%
0.00984
0.03921
0.06279
0.10579

CH4
0.86757
0.55957
0.36643
0.11457
0.05129
0.02444
0. 01397
0.00086
0.00014
0.83686
0.54025
035530
0.11721
0.05667
0.02925
0.01767
g.00127
0.00021
0.75376
0.48601
0.31951
0.10744%
0.05359
0.02863
0.01775
0.00140
0.00023
0.60175
0.38639
0.25248
0.08408
0.04206
0.02262
0.01411
0,00114
0.00019
0.40664
0.25961
0.16813
0.05470
0.,02708
0.01447
0.00900
0.00072
0.00012
0.22189
0.14734
0.09470
0.03014

H20
0.03533
0. 12035
0.16862
0.20207
0.18089
0.14963
0. 12480
0.03884%4
0.01616
0.03458
0.11609
0. 15970
0.18171
0.16019
0. 13308
0.11205
0.03665
0.01546
0.03272
0.10853
0.14694
0.1599¢
0.13876
0.11474
Ce 09674
0.03227
0.01373
0.02892
0.09489
0. 12644
0.13148
0.11159
0. 05110
0.07633
0. 02520
0.01072
0.02229
0.07174
0.09373
0. 09270
0. 07680
0.06170
0. 05121
0.01649
0.00698
0. 01292
0.04102
0. 05265
0.05004

co2
0.00012
0.00212
0.00636
0.02921
0.05227
0.07508
0., 09136
0.14382
0.15720
0.000290
0.00341
0. 30981
0.03852
0.06191
0. 08279
0.09723
0.14468
0.15736
0.00028
0.00472
0.01315
0.04636
0.06991
0.08948
0.10259
0.14505
015655
0.00035
0.00585
0.01589
0.0515%9
0.07428
0. 09206
0.10358
0.13949
0.14900
0.00037
0. 006 04
0.01592
0.04785
0.06635
0.08013
0. 08878
0.11465
0.12126
0. 00026
0.00405
0.01038
0. 02947
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0e 75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.60849
0.65245
0.67709
0.74070
0.75504
0.05258
0.20264
0.31583
0.50602
0.57644
0.61992
0.64435
0.70756
0.72183
0.04966
0.19351
0.30389
0.49237
0.56288
0.60654
0.63110
0.69472
0.70908
0.04827
0.18939
0.29884
0.48746
0.55840
0.60237
0.62712
0.69120
0.70566
0.04759
0.18748
0.29663
0.48560
0.55683
0.60100
0.62586
0.69020
0.70472
0.04724
0.18654
029557
0.48481
0.55621
060049
0.62540
0.68988
0.70442

TABLE~14 CONTINUED

H2
0.17321
0.12608
0.09916
0.02789
0.01144
0.80681
0.64205
0.51327
0.28706
0.19983
014495
0.11375
0.03179
0.01302
0.86967
0.69111
0.55121
0.30612
0.21228
0.15355
0.12030
0.03345
0.01369
0.90029
0.71473
0.56910
0.31450
0.21752
0.15705
0.12290
0.03406
0.01393
0.91525
072616
0.57761
0.31826
0.21977
0.15850
0.12396
0.03429
0.01402
0.92297
0.73201
0.58192
0.32008
0.22083
0.15917
0.12443
0.03439
0.01405

co
0.12300
0.13405
0414041
0+15740
0.16136
0401545
0.06107
0.09709
0.16115
0.18613
0.20193
0.21093
0.23468
0.24014
0.01786
0.07044
0.11166
0.18396
0.21166
0.22901
0.23883
0.26450
0.27034
0.01856
0.07320
0.11600
0.19061
0.21897
0.23663
0424660
0.27251
0.27837
0.01872
0.07395
0.11722
0. 19256
0.22109
0.23882
0.24881
0.27471
0.28056
0.01875
0.07414
0.11758
0.19318
0.22178
0.23953
0.24952
0.27541
0.28125

CH4
0.01474
0.00781
0.00483
0.00038
0.00006
0.11968
0.07579
0.04843
0.01515
0.00734
0.00386
0.00238
0.00019
0.00003
0.06083
0.03841
0.02443
0.00754
0.00362
0.00190
0.00116
0.00009
0.00002
0.03215
0.02026
0.01285
0.00392
0.00188
0.00098
0.00060
0.00005
0.00001
0.01812
0.01141
0.00722
0.00219
0.00105
0.00054
0.00033
0.00003
0.00000
0.01089
0.00685
0.00433
0.00131
0.00062
0.00032
0.00020
0.00002
0.00000

H20
0.04070
0.03228
0. 02660
0.00838
0.00353
0.00538
0.01693
0. 02152
0.01998
0.01606
0.01264%
0.01036
0. 00322
0.00135
0.00194
0. 00609
0.00770
0.00705
0.00562
0.00440
0, 00360
0.00111
0. 00046
0. 00073
0.00229
0. 00289
0.00263
0.00209
0.00163
0.00133
0.00041
0.00017
0.00031
0. 00096
0.00121
0.Q00110
0.00087
0.00068
0. 00055
0.00017
0.00007
0. 00014
0.00045
0.00056
0.00051
0.00040
0. 00031
0.00026
0. 00008
0.00003

co2
0.03985
0.04732
0.05192
0.06525
0.06857
0.00010
0.00153
0.00386
0.01064
0.01419
0.01670
0.01822
0.02256
0.02362
0.00003
0.00044
0.00109
0.00297
0.00393
0.00460
0.00501
0.00614
0.00641
0.00001
0.00013
0.00032
0.00087
0.00115
0.00134
0.00146
0.00178
0.00186
0.00000
0. 00004
0.00011
0.00029
0.00039
0.00045
0. 00049
0.00060
0.00063
0.00000
0.00002
0. 00004
0.00012
0.00015
0. 00018
0.00019
0.00023
0.00024
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Ty K
500

600

700

800

S00

1000

TABLE-15 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
075
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
050
Q.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00
10.00
0.01
0.05
0.10
030

N2
0.16330
0.47485
0.6236%
0.78858
0.83271
0.85670
0.86923
0.89879
0.90494
0.16072
046936
0.61810
0.78477
0.82993
0.85464
0.86758
0.89827
0.90468
0.15375
0.45453
0.60309
0.77427
0.82201
0.84851
0.86252
0.89617
0.90328
0.14096
0.42723
0.57537
0.75415
0.80610
0.83541
0.85108
0.88922
0.89740
0.12440
0.39114
0.53784
0.72401
0.78002
0.81198
0.82917
0.87129
0.88036
0.10931
0.35666
0.50029
0.68967

P= 5 ATMyN/0=10.00

H2
0.00772
0.00564
0.00434
0.00227
0.00149
0.00102
0.00077
0.00019
0.00007
0.03918
0.02865
0.02204
0.01183
0.00805
0.00572
000442
0.00117
0.00047
0.12416
0.09053
0.06941
0.03729
0.02568
0.01848
0.01443
0.00396
0.00162
0.27949
0.20246
0.15384%
0.08107
0.05551
0.03989
0.03115
0.00860
0.00351
0.47869
0.34359
0.25792
0.13219
0.08946
0.06382
0.04963
0.01355
0.00553
0.65696
0.46765
0.34738
017393

Co
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00003
0. 00005
0.00009
0. 00012
0.00013
0.00014
0.00017
0.00018
0.00012
0.00044
0.00070
0.00124
0.00149
0.00167
0.00177
0.00207
0.00214
0.00084
0.00317
0.00499
0.00841
0.00986
0.01081
0.01137
0.01288
0.01324
0.00365
0.01360
0.02099
0.03365
0.03850
0.04155
0.04328
0.04783
0.04887
0.00948
0.03439
C.05169
0.07891

CH4
0.79643
0.42616
0.25167
0.06915
0.02981
0.01391
0.00786
0.00047
0.00007
0.76814
0.41073
0.24305
0.06999
0.03246
0.01636
0.00976
0.00068
0.00011
0.69160
036769
0.21614
0.06237
0.02957
0.01532
0.00934
0.00070
0.00012
0.55169
0.28949
0.16715
0.04641
0.02176
0.01124
0.00685
0.00052
0.00009
0.37238
0.19184
0.10811
0.02840
0.01300
0.00662
0.00400
0.00030
0.00005
0.21211
0.10748
0.05930
0.01487

H20
0.03244
0. 09173
0.11597
0.12228
0.10543
0.08539
0. 07043
0.02134
0.00883
0.03178
0.08861
0. 10996
0.10978
0.09301
0. 07551
0.06282
0.01993
0.00836
0.03012
0. 08315
010140
0. 09605
0.07s58
0.06400
0. 05313
0.01703
0.00718
0. 02670
0.07303
0.08724
0.07749
0.06219
0. 04902
0.04025
0.01259
0.0052¢9
0.02054
0. 05501
0.06371
0.05235
0. 04054
0.03121
0.02528
0.00763
0.00318
0. 01190
0.03072
0.03430
0. 02622

co2
0.00011
0.00162
0.00438
0. 01772
0.03056
0.04297
0. 05170
0.07921
0.08608
0.00018
0.00261
0.00680
0.02354
0.03643
0. 04764
0.05528
0.07978
0.08620
0.00026
0.00366
0.00926
0.02878
0.04167
0.05202
0. 05880
0.08007
0.08567
0. 00032
0.00462
0.01142
0.03246
0.04459
0.053¢63
0.05930
0.07619
0.08048
0.00035
0. 00481
0.01144
0.02940
0. 03848
D.04482
0.04864
0.05940
0.06201
0. 00024
0.00311
0. 00704
0. 01640
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Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.74788
0.78129
0.79929
0.84346
0.85299
0.09950
0.33381
0.47524
0.66661
0.72625
D.T76056
0.77907
0.82452
0.83432
0.09441
0.32258
0.46371
0.65750
0.71828
0.75328
0.77216
0.81849
0.82847
0.09197
0.31757
0.45894
0.65440
0.71581
0.75117
0.77023
0.81697
0.82703
0. 09079
0.31527
0.45687
0.6532%
071497
0.75049
0.769632
0.81655
0.82665
0.09019
0.31413
0.45589
065275
0.71463
0.75024
0.76942
0.81642
0.82653

TABLE~15 CONTINUED

H2
011652
0.08258
0.06397
0.01729
0.00703
0.77131
0.54578
0.40236
0.19809
0.13174
0.09292
0.07179
0.01926
0.00782
0.83118
0.58563
0.42939
C.20887
0.13820
0.09715
0.07491
0.02000
0.00811
0.86029
0.60451
0e44173
0.21332
0.14072
009874
0.07606
0.02025
0.00821
0.87451
0.61356
0.44748
0.21524%
014176
0.09937
0.07650
0.02034
0.00824
0.88184
0.61817
0.45037
D.21616
0.14224
0.09966
0.07669
0.02037
0.00825

ca
0.08856
0.09441
0.09767
0.10600
0.10787
0.01479
0.05222
0. 07686
0.11315
0.12527
0.13243
0.13635
0. 14618
0.14834
0.01706
0.05953
0.08676
0.12546
013793
0.14519
0.14913
0.15887
0.16098
0.01771
0.06170
0.08967
0.12888
0.14133
0.14853
0.15242
0.16199
0.16406
0.01787
0.06231
0.09052
0.12988
0.14231
0.14948
0.15334
0.16283
0.16487
0.01791
0.06248
0. 09079
0.13021
0.14263
0.14979
0.15364
0.16309
0.16513

CH4
0.00667
0.00335
0.00201
0.00015
0.00002
0.10938
0.05477
002976
0.00721
0.00319
0.00159
0.00095
0.00007
0.00001
0.0555%6
0.02758
0.01483
0.00351
0.00154
0.00076
0.00045
0.00003
0.00001
0.02935
0.01449
0.00774
0.00180
0.00079
0.00039
0.00023
0.000C2
0.00000
0.01655
0.00814
0.00433
0.00100
0.00043
0.00021
0.00013
0.00001
0.00000
0.00994
0.00489
0.00259
0.00060
0.00026
0.00013
0.00008
0.00001
0.00000

H20
0.01971
0.01489
0.01194
0.00350
0. 00145
0.00493
0.01231
0. 01335
0.00968
0.00713
0. 00531
0.00423
0. 00122
0.00050
0.00177
0. 00436
0.00466
0.00328
0.00239
0.00177
0. 00140
0.00040
0.00016
0. 00067
0.00164
0.00174
0.00121
0.00087
0. 00064
0.00051
0.00014
0.00006
0.00028
0. 00068
0.00072
0.00050
0. 00036
0.00027
0.00021
0.00006
0.00002
0. 00013
0.00032
0. 00034
0.00023
0.00017
0.00012
0.00010
0.00003
0. 00001

caz
0.0206&5
0.02348
0.02512
0.02959
0.03064
0.00009
0.00112
0. 00242
0.00524
0.00643
0.00718
0.00762
0. 00875
0.00901
0.00003
0.00031
0.00066
0.00138
0.00167
0.00185
0.00195
0.00222
0.00227
0. 00001
0.00009
0.00019
0.00040
0.00048
0.00053
0.00056
0.00063
0.00065
0.00000
0. 00003
0.00007
0.00013
0.00016
0.00018
0. 00019
0.00021
0.00022
0. 00000
0.00001
0.00003
0.00005
0.00006
0.00007
0.00007
0.00008
0.00008
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Ts K
500

600

700

800

900

1000

TABLE-16 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4000

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30

N2
0.28068
0.64366
0.76792
0.88160
0.90859
0.92273
0.92997
0.94668
0.95009
0.27658
0.63756
0.76260
0.87846
0.9063¢9
0.,92113
0.92871
0.94629
0.94990
0.26548
0.62119
0.74839
0.87004
0.90032
0.91654
0.92496
0.94475
0. 94886
024517
0.59152
0.72288
0.85465
0.88868
0.90716
0.91682
0.93975
0.94455
0.21895
055327
0.68970
0.83257
0.87031
0.89088
0.90166
0.92725
0.93261
0.19518
0.51793
0.65827
0.80942

P= 5 ATM,N/0=20.00

H2
0.00715
0.00464
0.00340
0.00170
0.00110
0.00075
0.00056
0.00014
0.00005
0.03630
0.02352
0.01721
0.00875
0.00587
0.00413
0.00318
0.00083
0.00033
0.11499
0.07394
0.05363
0.02697
0.01818
0.01292
0.01002
0.00271
0.00110
0.25853
0.16360
0.11647
0.05638
0.03751
0.02649
0.02049
0.00551
0.00224
0.44199
0.27338
0.18999
0.08784
0.05746
0.04016
0.03088
0.00819
0.00332
0.60540
0.36638
0024937
0D.11125

co
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0. 00000
0.00001
0.00003
0.000C04
0.00007
0.00009
0.00010
0.00011
0.00013
0.00013
0.00011
0.00037
0.00056
0.00094
0.00112
0.00124
0.00131
0.00150
0.00155
0.00079
0.00268
0. 00403
0,00642
0.00738
0. 00799
0.00834
0.00927
0.00948
0.00343
0.01149
0.01679
0.02499
0.02787
0.02960
0.03056
0.03300
0.03354%
0. 00886
0.02803
0.03913
0.05406

CH4
0.68419
0.28842
0.15459
0.03847
0.01617
0.00744
0.00418
0.00025
0.00004
0.65962
0.27694
0.14817
0.03828
0.01722
0.00853
0.00505
0.,00035
0.00006
0.59320
0.24529
0.12903
0.03262
0.01483
0.00749
0.00451
0.00033
0.,00005
0.47207
0.18903
0.09581
0.02245
0.00994
0.00496
0.00296
0.00021
0.00004
0.31747
0.12145
0.05866
0.01254
0.00536
0.00262
0.00155
0.00011
0.00002
0.18012
0.06597
0.03056
0.00608

H20
0.02788
0. 06217
0.07139
0.06829
0.05743
0.04589
0. 03758
0.01120
0. 00462
0. 02734
06.06016
0. 06775
0.06110
0.05033
0. 04021
0.03317
0.01031
0.00430
0.02600
0. 05666
0.06250
0.05280
0. 04219
0.03319
0.02722
0.,00845
0.00354
0. 02316
0.04987
0.05335
0.04116
0.03147
0. 02407
0.01943
0.00581
0. 00241
C.01785
0. 03698
0.03754
0.02584
0. 01884
0.01399
C.01111
0.00318
0.00131
0. 01025
0.01962
0.01864
0. 01149

coz2
0.00009
0.00110
0.00270
0.00993
0.01672
0.02319
0. 02771
0.04173
0.04519
0.00015
0.00179
0.00424
0.01324
0.02011
0.02590
0.02980
0.04210
0.04528
0.00022
0.00255
0.00589
0.01663
0. 02336
D.02861
0.03199
0.04226
0.04490
0.00029
0.00330
0.00745
0.01894
0.02501
0.02933
0.03196
0.03945
0.04128
0.00031
0.00343
0.00732
0.01621
0.02016
0.02275
0.02425
0.02827
0.02921
0.00021
0.00207
0.00403
0. 00770
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4. 00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4+ 00

10.00

N2
0.84974
0.87172
0.88323
0.91053
0.91624
0.17981
0.49569
0.63918
0.79635
0.83846
0.86141
0.87341
0.90185
0.90779
0.17188
0.48526
0.63110
0.79190
0.83496
0.85840
0.87065
0.89961
0.90565
0.16809
0.480T71
0.62789
0.79047
0.83395
0.85758
0.86993
0.89909
0.90517
0.16626
0.47865
0.62652
0.78995
0.83361
0.85733
0.86971
0.,89895
0.90504
0.16533
0.47764
0.62588
0.78973
0.83347
0.85723
0.86963
0.89891
0.,90500

TABLE-16 CONTINUED

H2
0.07184%
0.04983
0.03815
0.01001
0.00405
0.70968
0.42259
0.28336
0.12332
0.07895
0.05447
0.04159
0.01084
0.00437
0. 76401
0.45010
0.29892
0.12811
0.08159
0.05613
0.04278
0.01110
0.00448
0.79033
0.46277
0.30570
0.12996
0.08255
0.05671
0.04318
0.01118
0.00451
0.80316
O 46875
0.30879
0.13073
0.08294
0.05693
0.04334
0.01121
000452
0.80976
0.4TL76
C.31032
0.13110
0.08311
0.05703
0.04340
0.01122
0.00452

co
0.05874
0.06144
0« 06290
0.06649
0.06727
0.01365
0.04077
0.05476
0.07162
0.07645
0.07915
0.08058
0.08401
0.08474
0.01565
0.04559
0.06022
0.07692
0.08150
0.08401
0.08533
0.08846
0.08912
0.01623
0.04701
0.06178
0.07831
0.08277
0. 08520
0.08647
0.08948
0.09011
0.01639
0. 04743
0.06225
0.,07871
0.08313
0.08553
0.08678
0.08975
0.09037
0. 01642
0.04757
0.06240
0.07885
0.08325
0.08564
0.08689
0.08983
0. 09045

CH4
0.00254
0.00122
0.00072
0.00005
0.00001
0.09260
0.03283
0.01476
0.00280
0.00115
0.00055
0.00032
0.00002
0.00000
0.04694
0.01629
0.00719
0.00132
0.00054
0.00025
0.00015
0.00001
0.00000
0.02477
0.00849
0.00371
0.00067
0.00027
0.00013
0.00007
0.00000
0.00000
0.01396
0.00475
0.00206
0.00037
0.00015
0.,00007
0.00004
0.00000
0.00000
0.00838
0.00285
0.00123
0.00022
0.00009
0.00004
0.00002
0.00000
0.00000

H20
0.00806
0.00585
0. 00458
0.00127
0. 00052
0.00418
0.00744
0. 00670
0.00381
0.00261
0. 00186
0.00145
0.00039
0.000186
0.00150
0. 00257
0.00225
0.00123
0. 00083
0.00059
0. 00046
0.00012
0.00005
0. 00056
0.00095
0.00083
0.00045
0.00030
0. 00021
0.00016
0.00004
0. 00002
0.00024
0. 00040
0.00034
0.00018
0. 00012
0.00009
0.00007
0. 00002
0.00001
0.020011
0.00018
0.00016
0. 00008
D.00006
Je 00004
0.00003
0.00001
0. 30000

coz
0.00909
0.00994
001042
0.01164
0.01192
0.00008
0.00068
0.00123
0.00210
0.00239
0.00257
0.00266
0.00289
0.00294
0.00002
0.00018
0.00032
0.00052
0.00058
0.00062
0.00064
0.00069
0.00070
0.00001
0.00005
0.00009
0.00015
0.00016
0.00017
0.00018
0.00019
0.00019
0.00000
0.00002
0.00003
0.00005
0.00005
0.00006
0.00006
0.00006
0.00006
0.00000
0.00001
0.00001
0.00002
0.00002
0.00002
0.00002
0.00002
0.00003
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Ty K
500

600

700

800

900

1000

TABLE~17 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00

0.01
0.05
0.10
030
0.50
0.75
1.00
4,00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
D.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30

9 & & 6 o & & ¢ & €& o 0 o o ® B & 8 =
OCO00ODOLOCOOOOLOOOOLLOCLOUOLLoCLLGLUoDOOOCODCoDODCODODOOOCo N

CO0O0O0O0LOoO0O00OO00OLOODLOTCUOGCGLoODOLUOoOLOOCOODOOO0DOOOROO

2 & 3 & & ® o &6 & ® & s ® 3 9 & & © B

P=10 ATMyN/O= 0.0

H2
0.00598
0.00552
0.00502
0.00352
0.00260
0.00192
0.00151
0.00042
0.00017
0.03050
0.02823
0.02574
0.01862
0.01434
0.01105
0.00895
0.00270
0.00112
0.09818
0.09095
0.08317
006149
0.04850
0.03826
003155
001011
0.00428
0.22845
0.21185
0.19423
0.14581
0.11675
0.09348
0.,07795
0.02605
0.01117
De41354
0.38387
0.35272
0.26778
021652
0.17498
0.14692
0.05045
0.02183
0.60885
0.56542
0.52006
039669

co
0.00000
0. 00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00001
0., 00001
0,00003
0.00006
0.00014
0.00020
0. 00025
0.00028
0.00038
0.00041
0.00009
0.00042
0.00079
0.00184
0.00250
0.00304
0.00339
0.00458
0.00491
0.00064
0.00297
0.00544
0.01221
0.01626
0.01950
0.02166
0. 02886
0.03092
0.00282
0.01282
0.02313
0.05033
0.06620
0.07878
0.08715
0.11521
0.12334
0.00795
0.03593
0.06437
0.13830

CH4
0.95506
0.81624
0.67411
0.33140
0.18092
0.09859
0.06107
0.00472
0.00079
0.93110
0.79744%
0.66299
0.34713
0.20596
0.12217
0.08021
0.00729
0.00126
0.86483
0.74222
0.62070
0.33923
0.21106
0.13136
0.08933
0.00916
0.00164
0.73720
0.63396
0.53289
0.30033
0.19255
0.12344%
0.08583
0.00958
0.00176
0.55582
0.47892
0.40436
0.23306
0.15237
0.09952
0.07016
0.00827
0.00155
0.36436
0.31423
0.26584%
0.15467

H20
0.03884%
0.17516
0.30924
0.58147
0. 63426
0.60013
0654250
0.21231
0.09348
0. 03818
0.16938
0.29346
0. 52538
0.56647
0. 54009
0.49421
0.20460
0. 09151
0.03660
0.15971
0.27212
0.47048
0. 50387
0.48250
0.44479
0.19216
0.08724
0.03333
0.14311
0.24026
0. 40477
0.43165
Co 41445
0.38385
0.17090
0. 07853
0.02741
0.11586
0.19202
0.31727
0.33738
0.32448
0.30140
0. 13682
0.06339
0. 01850
0.07762
0.12790
0. 20960

coz
0.00013
0.00308
0.01163
0.08360
0.18222
0.29935
0.39490
0.78253
0.90555
0.00021
0.00492
0.01776
0.10872
0.21303
0.32644
0.41634%
0.78503
0. 90569
0.00030
0.00669
0.02321
0.12697
0.23406
0.34484%
0.43092
0. 78400
0.90193
0.00038
0.00811
0.02718
0.13688
0.24279
0.34913
0.42071
0.76460
0.87761
0.00041
0.00854%
0.02777
0.13155
0.22753
0.32224%
0.39437
0.68924
0.78989
0.00033
0.00680
0.02183
0.10074



0/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
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TABLE-17 CONTINUED

H2
0.32203
0.26123
0.21995
0.07638
0.03318
0.76243
0.70771
0.65031
0.49404%4
0.39986
0.32354
0.27194
0.09384%4
0.04069
0.85928
0.79718
0.73161
0.55241
0.44478
0.35812
0.,29992
0.10204
0. 04404
0.91297
0.84679
0.77672
0.58469
046943
0.37692
0.31498
0.10623
0.04571
0.94129
0.87298
0.80055
0.60182
0.48256
0.38695
0.32303
0.10848
0.04661
0.95654
0.88707
0.81337
0.61100
0.48957
0.39227
0.32729
0.10965
0.04707

cc
0.18095
0.21468
0.23711
0.31246
0.33436
0.01426
0.06496
0.11714
0.25453
0.33432
039747
0.43945
0.58016
0.62097
0.01802
0.08287
0.15070
0.33299
0.44034
0.52563
0.58236
0.77196
0.82659
0.01935
0.08932
0.16305
0.36324
0.48209
0.57678
0.63982
0.85025
0.91067
0.01970
0.09107
0.16651
0.37228
0.49492
0.,59278
0.65796
0.87542
0.93774
0.01976
0.,09143
0.16730
0.37482
0.49876
0.59774
0.66368
0. 88364
0.94661

CH4
0.10193
0.06707
0.04755
0.00573
0.00108
0.21375
0.18417
0.15551
0.08975
0.05879
0.03849
0.02719
0.00324
0.00061
0.11876
0.10221
0.08609
0.04908
0.03182
0.02063
0.01447
0.00167
0.00031
0.06612
0.05688
0.04785
0.02712
0.01748
0.01127
0.00787
0.00030
0.00017
0.03834
0.03298
0.02773
0.01567
0.01008
0.00648
0.00452
0.00051
0.00009
0.02339
0.02012
0.01692
0.00955
0.00613
0,00393
0.00274
0.00031
0.00006

H20
0.22263
0.21426
0.19925
0.09117
0. 04239
0.00939
0.03971
0. 06580
0.10861
0.11546
Del1107
0.10322
0. 04702
0.02182
0. 00388
0. 01654
0.02760
0. 04605
0.04903
0.04T12
0.04372
0.01972
0,00911
0.00155
0.00663
0.01111
0.01862
0. 01985
0, 01906
0.01767
0. 00792
0.00365
0.00066
0. 00284
0.00477
0.00802
0.00854
0.00821
0. 00760
0.00340
0.00156
0.00031
0.00133
0. 00224
0.00377
0.00402
0. 00386
0.00357
0.00159
0.00073

co2
017247
0.24276
0.29613
0.51425
0.58896
0.00017
0.00346
0.01124
0.05308
0.09157
0.12943
0.15821
0. 27575
0.31591
0.,00006
0.00121
0.00399
0. 01946
0.03404
0.04850
0. 05953
0. 10461
0.11994%
0.00002
0.00038
0.00128
0.00633
0.01115
0.01597
0.01965
0.03470
0.03984Q
0.00001
0.00013
0.00044
0.00221
0.00390
0.00559
0.00689
0.01219
0.01399
0.00000
0.00065
0.00017
0.00087
0.00153
0.00220
0.00271
0.00481
0.00552



Ty K
500

600

700

800

900

1000

TABLE~-18 EQUILIBRIUM GAS~PHASE MOLE FRACTIONS
P=10 ATMyN/0= 1.00

a/H
0.01
0.05
0.10
0«30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.01917
0.08311
0.14253
0.27232
0.33298
0.37471
0.39976
0.47051
0.48777
0.01894
0.08221
0.14115
0.27055
0.33136
0.37333
0.39857
0.47006
0.48754
0.01830
0.07969
0.13731
0.26539
0.32643
0.36892
039463
0.46810
0.48621
0.01705
0.07477
0.12967
0.25447
0.31542
0.35848
0.38480
0.46133
0.48053
0.01527
0.06752
0.11805
0.23605
0.29536
0.33800
0436440
0.44269
0.46274
0.01336
0.05936
0.10428
0.21101

H2
0.00592
0.00529
0.00465
0.00300
0.00212
0.00152
0.00117
0.00031
0.00012
0.03021
0.02702
0.02382
0.01586
0.01169
0.,00871
0.00691
0.00196
0.00080
0.09723
0.08706
0.07694%
0.05224
0.03936
0.03000
0.02420
0.00724
0.00301
0.22624%
0.20272
0.17950
0.12335
0. 09405
0.07255
0.05907
0.01830
0.00769
0.40953
0.26718
032560
0.,22539
0.17295
0.13422
0.10974
0.03456
0.01460
0.60294
054079
0.47987
0.33212

co
0. 00000
0.00000
0.00000
0.00000
0.00000
0. 00001
0.00001
U.00001
0.00001
0.00001
0.00003
0.00005
0.00012
0.00016
0.00020
0.00022
0.00028
0.00029
0.00009
0.00041
0.00073
0. 00158
0.00205
0.00241
0.00264
0.00334
0.00352
0.00064
0.00286
0.00507
0.01052
0.01342
0.01556
0.01692
0.02106
0.02214
0.00279
0.01236
0.02164%
0.04359
0.05486
J0.06310
0.06828
0.08401
0. 08816
0.00789
0.03461
0.06016
0.11950

CH4
0.93669
0.74820
0.57775
0.24089
0.12051
0.06155
0.03660
0.00250
0.00040
0.91318
0.73087
0.56798
0.25184
0.13675
0.07595
0.04783
0.00383
0.00064
0.84818
0.68003
0.53116
0.24488
0.13898
0.08074
0.05255
0.00471
C.00081
0.72299
0.58047
0.45511
0.21490
0.12495
0.07436
0.04928
0.00473
0.00083
0.54508
0.43819
034455
0.16510
0.09722
0.05855
0.03914
0.00388
0.0006%
0.35731
0.28744%
0.22634
0.10907

H20
0. 03809
0.16058
0.26511
0. 42293
0.42282
0.37500
0.32539
0.11233
0. 04785
0.03745
0.15535
0. 25174
0.38229
0.37753
0.33716
0.29600
0.10791
0.04667
0.03591
0.14666
0.23383
0. 34263
0.33554
0.30042
0. 26532
0.10036
0.04398
0.03272
0.13169
0. 20702
0.29509
0.28689
0.25670
0.22718
0., 08758
0.03BT70
0.02693
0. 10682
0.16584
0.23123
0.22334
0.19936
Qe 17637
0.06835
0.03029
0.01817
0.,07150
0. 11029
0.15209

cD2
0.00013
0.00282
0.00997
0. 06085
0.12157
0.18721
0.23706
0.41434
0. 46385
0.00021
0.00452
0.01526
0.07934
0.14251
0.20465
0.25047
0.41597
046406
0.00030
0.00615
0.02003
0.09328
0.15763
0.21751
0. 26065
0.41625
0.46246
0.00037
0.00750
0.02363
0.10167
0.16527
0.22235
0.26276
0. 40701
0.45011
0.00041
0.00793
0.02431
0. 09864
0.15627
0.20677
024207
D.36651
0.40352
0.00033
0.00631
0.01906
0.07521

7.3



Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4000

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
G.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.26572
0.30554
0.33040
0.40521
0.42465
0.01183
0.05253
0.09220
0.18637
0.23470
0.26991
0.29192
0.35827
0.37554%
0.01088
0.04825
0.08465
0.17079
0.21483
0.24682
0.26678
032669
0.34221
0.01035
0.04602
0.08088
0.16374
0.20623
0.23712
0.25639
0.31416
0.32909
0.01008
0.04491
0.07908
0.16080
0.20289
0.23355
0.25268
0.31007
0.32490
0.00993
0.04433
0.07819
0.15949
0.20150
0.23214
0.25127
0.30868
0.32352

TABLE-18 CONTINUED

H2
0.25614%
0.19910
0.16298
0.05153
0.02179
0. 75504
D.67704
0.60048
0a41595
0.31928
0.24780
0.20262
0.06379
302694
0.85096
0.76276
0.67596
046649
0.35701
0.27636
0.22554
0.07052
0.02972
0.90412
0.81021
0.71761
0.49389
037715
0.29135
0.23744
0.07385
0.,03107
0.93217
0.83521
073946
0.50799
0.38732
0. 29880
0.24327
0.07539
0.03168
0.94726
0.84863
0.75115
0.51537
0.39254%
0.30255
0.24616
0.07611
0.03196

Co
0.14954
0.17137
0.18501
0.22632
0.23714
0.01413
0.06228
0.10868
0.21731
0.27254
0.31269
0.33778
0.41355
043333
0.01784
0.07918
0.13899
0.28104
0.35402
0.40725
0.44055
0.54105
056723
0.01915
0.08528
0.15014
0.30532
0.38545
0.44398
0.48060
0.59097
0.61964
0.01850
0.08698
0.15336
0.31280
0.39533
0.45562
0.49333
0.60680
0.63621
0.01956
0.08735
0.15418
0.31508
0.39847
0.4593%
0.49748
0.61198
0.64162

CH4
0.06448
0.03896
0.02611
0.00261
0.00047
0.20962
0.16855
0.13259
0.06362
0.03748
0.02258
0.01510
0.00150
0.00027
0.11647
0.09358
0.07349
0.03500
0.02050
0.01228
0.00818
0.00080
0.00014
0.06484
0.05207
0.04085
0.01935
0.01128
0.00673
0.00447
0.00043
0.00008
0.03760
0.03018
D.02366
0.01117
0.00649
0.00386
0.00256
0.00025
0.00004
0.02294
0.01841
0.01443
0.00679
0.00394
0.00234
0.00155
0.00015
0.00003

H20
0.14633
0. 13035
0.11520
0.04455
0. 01974
0.00921
0. 03642
0.05637
0.07807
0. 07516
0.06692
0.05911
0.02279
0.01008
C. 00380
0.01512
0.02352
0. 03282
0.03164
0.02818
0.02487
0.00955
0. 00422
0.00152
0. 00606
0.00945
0.01322
0. 01275
0.01134
0.01001
0.00383
0.00169
0.00065
0.00260
0.00406
0. 00568
0.00548
0. 00487
0. 90429
0.00164
0. 00072
0.00030
0.00122
0. 00190
D.00267
0.00257
0.00229
0.00201
C. 00077
0.00034

Co2
0.11778
0.15468
0.18029
0.26978
0.29621
0.00016
0.,00318
0.00968
0.03869
0.06085
0.08010
0.09347
0.14011
0.15384%
0.00006
0.00110
6.00339
0.01386
0.02200
0.02911
0.03407
0.05139
0.05648
0.00002
0.00035
0.00108
0.00447
0. 00713
0.00946
0.01109
0.01676
0.01843
0.00001
0.00012
0.00037
0.00156
0.00249
0.00330
0.00387
0.00586
0.00644
0.00000
0.00005
0.00015
0.00061
0.00098
0.00130
0.00153
0.00231
0.00254

74



Ty K
500

600

700

800

900

1000

TABLE-19 EQUILIBRIUM GAS~PHASE MOLE FRACTIONS

a/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030

N2
0.03763
0.15346
0.24946
0.42800
0.49954
0.54510
0.57114
0.63992
0.65570
0.03717
0.15185
0.24721
0.42554%
0:.49744
0.54339
0.56971
Je63941
0.65544
0.03592
0.14738
0.24093
0.41838
0.49108
0.53797
056500
0.63723
0.65399
0.,03350
0.13866
0.22846
0.40332
0.4T7697
0.52522
0.55333
0.62974
0.647T78
0.03003
0.12583
0.20952
0.37801
0.45139
0.50034%4
0.52922
0.60919
0.62843
0.02632
0.11138
0.18709
0.34366

P=10 ATMyN/O0= 2.00

H2
0.00586
0.00508
0.00435
0.00266
0.00184%
0.00129
0.00099
0.00025
0.00010
0.02992
0.02596
0.02228
0.01404
0.01010
0.00741
0.00583
0.00161
0.00065
0.09631
0.08362
0.07190
0.04613
0.03389
0.02539
0.02028
0.00590
0.00244
0.22408
0.19462
0.16753
0.10842
0.08041
0.06085
0.04897
0.01467
0.00611
0.40562
0.35232
0.30341
0.19696
0.14655
0.11127
0.08977
0.02717
0.01136
059717
0.51869
044664
0.28981

co
0. 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00001
0.306003
0.00005
0.00011
0.00014
0.00017
0.00018
0.00023
0.00024
0.00009
0.00039
0.00069
0.00141
0.00178
0.00206
0.00224
0.00275
0.00288
0.00063
0.00276
0.00477
0.00940
0.0117¢0
0.01335
0.01437
0.01738
0.01814
0.00277
0.01195
0.02042
0.03902
0.04790
0.05414
0.05796
0.06910
0.07193
0.00782
0.03341
0.05664
0.10644

CH4
0.91901
0.69062
0.50547
0.18918
0.09031
0.04472
0.02612
0.00170
0.00027
0.89595
0.67452
0.49668
0.19739
0.10218
0.05498
0.03398
0.00259
0.00043
0.83215
0.62732
0.46387
0.19096
0.10304
0.05785
0.03630
0.00313
0.00053
0.70929
0.53503
0.39647
D.16605
0.09133
0.05231
0.03387
0.00304
0.00053
0.53472
0.40344
0.29919
0.12608
0.06980
0.04024
0.02619
0.00240
0.00042
0.35051
026443
0.19608
0.08255

H20
0,03738
0.14824
0.23200
0. 33232
0.31708
0.27266
0.23235
0.07635
0. 03214
0.03675
0.14347
0. 22041
0.30041
0.28298
0.24490
0.21106
0. 07315
0.03126
0. 03525
0.13559
0.20499
0. 26925
0.25112
0.21755
0. 18841
0.06750
0.02919
0.03213
0.12196
0. 18184
0.23169
0.21390
0.18468
0.15995
0. 05796
0.02522
0.02646
0. 09906
0.14581
0.18089
0.16523
0.14180
0. 12246
D.04419
0.01923
0. 01785
0.06621
0.09665
0.11786

co2
0.00012
0.00261
0.00873
0. 04784
0.09123
0.13622
0.16939
0.28178
0.31178
0.00021
0.00417
0.01337
0.06251
0.10716
0.14916
0.17923
0.28302
0.31197
0.00029
0.00570
0.01763
0.07387
0.11909
0.15918
0.18717
0.28349
0.31096
0.00037
0.00698
0.02093
0.08112
0.12569
0.16360
0.18951
0.27720
0.30221
0.00040
0. 00741
0.02165
0.07905
0.11913
0.15220
0.17440
0.24795
0.26864
0.00032
0.00588
0.01690
0.05968

75



Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0,10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4,00

10.00

N2
0.41369
0.46106
0.48926
0.56838
0.58764
0.02336
0.09929
0.16746
0.31022
0.37485
0.41883
0.44511
0.51916
0.53726
0.02150
0.09175
0.15526
0.28952
0.35076
039255
0.41756
0.48810
0.50534
0.02048
0.08781
0.14920
0.28030
0.34060
0.38187
0.40660
047644
0.49350
001995
0.08585
0.14632
0.27648
0.33669
0.37799
0.40276
0.47273
0.48982
0.01967
0.08484
0.14489
0.27478
0.33507
0.37647
0.40131
0.47148
0.48862

TABLE-19

H2
0.21555
0.16360
0.13195
0.03989
001667
0.74781
0.64932
0.55873
0.36139
0.26814
0.20308
0.16354
0.04917
0.02051
0.84280
0.73146
0.62880
0.40503
0.29958
0.22629
0.18189
0.05434
0.02263
0.89545
0.77683
0.66722
0.42819
0.31586
0.23804
0.19105
0.05678
0.02361
0.92322
0.80066
0.68724
0.43982
0.32380
024363
0.19532
0.05784
0.02403
0.93816
0.81344
0.69790
0.44581
0.32779
0.24636
0.19737
0.05831
0.02421

CONTINUEC

co
0.12969
0.14584
0.15564%
0.18394
0.19103
0.01400
0.05986
0.10156
0.19091
0.23247
0.26121
0.27859
032845
0.34085
0.01766
0.07584
0.12909
0.24390
0.29740
0.33436
0.35666
0.42035
0.43610
0.01896
0.08161
0.13919
0.26373
0.32175
0.36176
0.38585
0.45436
0.47121
0.01930
0.08325
0.14218
0.26992
0.32942
0.37040
0.39503
0.46489
0.48202
0.01937
0.08363
0.14300
0.27188
0.33192
0.37324
0.39806
0.46832
0.48552

CH4
0.04567
0.02631
0.01711
0.00156
0.00027
0.20563
0.15503
0.11479
0.04802
0.02644
0.01516
0.00983
0.00089
0.00015
0.11425
0.08606
0.06360
0.02639
0.01444%
0.00824
0.00532
0.00048
0.00008
0.06360
0.04787
0.03531
0.01454
0.00791
0.00449
0.00290
0.00026
0.00004
0.03688
0.02774
0.02044
0.00837
0.00454
0.00257
0.00165
0.00014%
0.00002
0.02250
0.01692
0.01245
0.00508
0.00275
0.00155
0.00100
0.00009
0.00001

H20
0.10680
0. 09116
0.07846
0.02803
0. 01217
0.00904
0.03357
0. 04901
0.05959
0. 05384
0.04582
0.03935
0.01395
0.00604
0.00373
0. 01389
0.02032
0. 02473
0.02230
0.01894
0. 01624
0.00572
0.00247
0.00149
0.00556
0. 00814
0.00990
0.00891
0. 00755
0.00646
0.00226
0.00098
0.00064
0. 00238
0.00350
0.00425
0.00382
0.00323
0. 00276
0.00096
0.00041
0. 00030
0.00112
0. 00164
0.00199
c.00179
0. 00151
0.00129
0.00045
0. 00019

coz2
0.08860
0.11203
0.12758
0.17820
0.19222
0.00016
0.00294
0.00845
0.02986
0.04427
0.05590
0.06358
0. 08838
0.09518
0.00005
0.00101
0.00293
0. 01044
0.01553
0.01962
0.02233
0.03102
0.03338
0.00002
0.00032
0.00093
0.00334
0.00497
0.00628
0.00715
0.00991
0.01066
0.00001
0.00011
0.00032
0.00116
0.00173
0.00218
0.00248
0.00344
0.00370
0. 00000
0.00004
0.00013
0.00046
0.00068
0.00086
0.00098
0.00135
0.00145
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Ty K
500

600

700

800

900

1000

TABLE-20 EQUILIBRIUM GAS~PHASE MOLE FRACTIONS

Q/H
0.01
005
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
Q.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.05539
0.21376
0.33265
0.52877
0.59951
0.64249
0.66637
0.72719
0.74071
0.05473
0.21160
0.32983
0.52602
0.59726
0.64070
0.664%90
0.72669
0.74045
0.052990
0.20562
0.32194
0.51803
0.59048
0.63508
0.66009
0.72455
0.73904
004937
0.19392
0.30632
0.50131
0.57553
0.62196
0.64828
0.71724
0.73300
0.04432
0.17673
0.28263
0.47333
0.54856
0.59649
0.62397
0.69722
0.71425
0.03891
0.15739
0.25463
0.43555

P=10 ATMyN/0= 3.00

H2
0.00581
0.00490
0.00410
0.00241
0.00164
0.00115
0.00087
0.00022
0.00009
0.02964
0.02501
0.02100
0.01273
0.00902
0.00656
0.00513
0.00139
0.00057
0.09541
0.08055
0.06772
0.04171
0.03015
0.02236
0.01775
0.00509
0.00209
0.22199
0.18738
0.15757
0.09759
C.07106
0.05313
0.04246
0.01247
0.00517
0.40181
0.33897
0.28482
0.17621
0.12840
0.09613
0.07690
0.02271
0.00944
0.59154
0.49872
0.41857
0.25792

ca
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0. 00001
0.00001
0.00003
0. 00005
0.00010
0,00013
0.00015
0.00016
0. 00020
0.00021
0.00009
0.00038
0.00065
0.00128
0.00160
0.00183
0.00198
0.00240
0.00250
0.00063
0.00267
0.00453
0.00858
0.01052
0.01188
0.01271
0.01513
0.01573
0.00275
0.01157
0.01939
0.03565
0.04306
0.04813
0.05119
0.05992
0.06209
0.00776
0.03233
0.05365
0.09667

CH4
0.90199
0.64126
044924
0.15572
0.07220
0.03511
0.02029
0.00128
0.00020
0.87934
0.62619
0.44120
0.16217
0.08146
0.04301
0.02631
0.00195
0.00032
0.81671
0.58208
0.41146
0.15612
0.08155
0.04485
0.02827
0.00232
0.00039
0.69608
0.49594
0.35070
0.13452
0.07133
0.03988
0.02546
0.00220
0.,00038
0.52472
0.37344
0.26365
0.10091
0.05359
0.03003
0.01922
0.00168
0.00029
0.34393
0.24447
0.17220
0.06538

H2D
0.03668
0. 13766
0.20625
0.27368
0.25363
0.21418
0.18066
0.05781
0.02419
0.03608
0.13328
0. 19602
0.24739
0.22623
0.15218
0.16389
0.05527
0.02347
0.03461
U0e 12607
0.18248
0,22163
0. 20040
D.17020
0.14574
0.05065
0.02175
0. 03157
0.11357
0.16209
0.15039
0.16996
0. 14353
0.12271
0.04290
0. 01850
0.02601
0.09234
0.12999
0.14788
0. 13013
0.10891
0.09266
0. 03204
0.01379
0. 01754
0.06159
0.08579
0. 09526

co2
0.00012
0. 00242
0.00776
0.03942
0.07302
0.10707
0.13179
0421349
0.23480
0.00020
0.00288
0.01191
0.05160
0.08591
0.11740
0.13961
0.21450
0.23498
0.00029
0.00531
0.01575
0.06122
0.09582
0.12568
0. 14617
0.21499
0.23422
0. 00036
0.00652
0.01880
0.06761
0.10160
0.12961
0.14838
0.21007
0.22721
0.000329
0.00695
0.01952
0.06601
0. 09626
0.12031
0.13607
0.18643
0.20015
0. 00032
0.00550
0.01516
0.04922
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Te K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0«30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.50907
0.55655
0.58401
0.65803
0.67541
0.03459
0.14124%
0.23024
0.39928
0.46918
0.51467
054109
0.61263
0.62949
0.03188
0.13118
0.21519
0.37736
Q.44529
0.48970
0.51555
0.58573
0.60228
0.03040
0.12595
0.20775
0.36779
0.43548
0.47989
0.50578
0.57612
0.59272
0.02962
0.12335
0.20423
0.36385
0.43176
0.47637
0.50240
0.57314
0.58981
0.02921
0.12200
0.20248
0.26210
0.43022
0.47500
0.50114
057214
0.58887

TABLE-20 CONTINUED

H2
0.18746
0.14006
0.11189
0.03291
0.01366
0.74074%
0.62410
0.52311
0.32067
0.23224
017299
0.13792
0.04029
0.01669
0.83482
0.70284
0.58824
0.35856
0.25869
0.19210
0.15284
0.04435
0.01834
0.88695
0.74621
0.62370
0.37825
0.27199
0.20145
0.16000
0.04618
0.01906
0.91445
0.76894
0.64205
0.38796
0.27832
0.20576
0.16324
0.04694
0.01936
0.92924
0.78111
0.65178
D.39290
0.28144
0.20783
0.16476
0.04727
0.01948

ca
0.11565
0.12846
0.13608
0.15752
0.16275
0.01387
0.05764
0. 09544
0.17095
0.20383
0.22582
0.23882
0.27497
0.28370
0.01749
0.07279
0.12060
0.21584
0.25702
0.28439
0.30050
0.34489
0.35551
0.01877
0.07826
0.12979
0.23231
0.27640
030557
0.322686
0.36948
0.38060
0.01911
0.07983
0.13255
0.23748
0.28249
0.31218
0.32955
0.37694
0.38815
0.01918
0.08022
0.13334
0.23915
0.28450
0.31438
0.33183
0.37936
0.39057

CH4
0.03454
0.01928
0.01230
0.00106
0.00018
0.20176
0.14322
0.10062
0.03781
0.01983
0.01100
0.00699
0.00060
0.00010
0.11210
0.07945
0.05566
0.02068
0.01076
0.00594
0.00376
0.00032
0.00005
0.06240
0.04417
0.03086
0.01135
0.00587
0.00322
0.00203
0.00017
0.00003
0.03618
0.02558
0.01784
0.00651
0.00335
0.00183
0.00115
0.00010
0.00002
0.02208
0.01560
0.019086
0.00395
0.00203
0.00110
0.00069
0.00006
0.00001

H20
0.08283
0.06874
0. 05817
0.01980
0.00849
0. 00888
0.03107
0. 04312
0.04735
0.04089
0.03374
0.02845
0. 00957
0. 00409
0.00366
0. 01281
0.01776
0.01938
0. 01664
0.01368
0. 01150
0.00383
0.00163
0. 00146
0.00512
0. 00710
0.00771
0.00659
0. 00540
0.00453
0.00150
0. 00064
0.00063
0. 00220
0.00304
0.00330
0.00281
0.00230
0. 00192
0. 00063
0.00027
0. 00029
0.00103
0.00143
0. 00155
0.00132
0. 00107
0.00090
0.0002¢%
0. 00013

caz
0.07045
0.,08692
0. 09754
0.13068
0,13951
0.00016
0.00272
0.00746
0.02394
0.03404
0.04178
0.04673
0.06194
0.06594
0.00005
0. 00093
0.00255
0.00818
0.01160
0.01420
0.01585
0.02088
0.02219
0. 00002
0.00029
0.00081
0.00259
0.00367
0. 00448
0.00500
0.00655
0.00695
0.00001
0. 00010
0.00028
0.00090
0. 00127
0.00155
0.00173
0.00226
0.00240
0. 00000
0.00004
0.00011
0.00035
0.00050
0.00061
0.00068
0.00089
0.00094
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Te K
500

600

700

800

S00

1000

TABLE-21 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

a/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

0.01

0.05
0.10
0.30
0.50
0.75
1.00
4.00
10.00
0,01
0.05
0.10
0.30

N2
0. 06850
0.25424
0.38461
0.58453
0.65240
0.69262
0.71465
0.76972
0.78176
0.06769
0.25174
0.38148
058167
0.65012
0.69084
0.71319
0.76923
0.78152
0.065%4
024480
0.37273
0.57341
0.64328
0.68525
0.70845
0.76716
0.78015
0.06110
0.23128
0.35544
0.55618
0.62826
0.67227
0.69686
0.7T6011
0.77433
0.05490
0.21140
0.32926
0.52746
0.60130
0.64718
0.67310
0.74086
0.75633
0.04826
0.18906
0.29837
0.48885

P=10 ATM,N/0O= 3.76

H2
0.00577
0.00477
0.00393
0.00226
0.00153
0.00106
0.00081
0.00020
0.00008
0.02943
0.02436
0.02015
0.01194
0.00839
0.00607
0.00473
0.00128
0.00052
0.09474
0.07841
0.06497
0.03906
0.02798
0.02063
0.01633
0.00464
0.00191
022043
0.18234%
0.15100
0.09107
0.06563
0.04875
0.03880
0.01128
0. 00467
0.39897
0.32966
0.27251
0.16369
0.11785
0.08752
0.06969
0.02031
0.00841
0.58734
0.48474
0.39988
0.23860

co
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00003
0. 00005
0.00009
0.00012
0.00014%
0.00015
0.00018
0.00019
0.00009
0.00037
0.00062
0.00120
0.00149
0.,00170
0.00183
0.00220
0.00230
0.00062
0.00260
0. 00436
0.00809
0.00983
0.01104
0.01178
0.01390
0.01442
0.00273
0.01131
0.01871
0.03361
0.04021
0.04468
0.04735
0.05488
0.05672
0.00772
0.03156
0.05164
0.09066

CH4
0.88944
0.60813
041413
0.13721
0.06262
0.03016
0.01735
0.,00108
0.00017
0.86710
0.59376
0.40655
0.14271
0.07051
0.03686
0.02242
0.00164
0.00027
0.80531
0.55169
0.373871
0.13688
0.07022
0.03819
0.02392
0.00193
0.00033
0.68634
0.46965
0.32206
0.11714
0.06084
0.03356
0.02126
0.00180
0.00031
0.51734
0.35321
0.24136
0.08709
0.04514
0.02490
0.01578
0.00134
0.00023
0.339C6
0.23095
0.15717
0.05595

H20
0.03618
Q0. 13057
0.15016
0.24124
0. 22007
0.18409
Qe 15447
0.04879
0.02036
0. 03558
0.12644%
0.18078
0.21804
0.19621
0. 16505
0.14000
0. 04657
0.01972
0.03414
0.11968
0.16839
0.19525
0. 17356
0.14585
C. 12414
0. 04247
0.01818
0. 03115
0.10791
014969
0.16746
0.14669
0.12239
0.10391
0.03564
0. 01530
0.02568
0.08778
0.12000
0.12950
0. 11154
0.09205
0.07767
0.02624
0.01123
0. 01731
0.05845
0.07889
0. 08264

co2
0.00012
0.00230
0.00716
0.03476
0.06338
0.09206
Cell1l273
0.18021
0.19762
0. 00020
0.00368
0.01099
0. 04555
0.07465
0,10104
0.11950
0.18110
0.19778
0.00028
0.00505
0.01457
0.05419
0. 08347
0.10837
0.12533
0.18159
0.19714
0. 00035
0.00622
0.01746
0.06007

- 0.08874

0.11198
0.12739
0.17728
0.19097
0.00039
0.00665
0.01817
0.05865
0. 08396
0.10366
0.11641
0.15637
0.16707
0. 00031
0.00525
0.01405
0. 04329
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Te K

1100

1200

1300

1400

1500

0/H
050
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
075
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
% .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.56201
0.60808
0.63431
0.70356
0.71952
0.04296
017044
0.27158
D.45222
0.52298
0.56788
0.59356
0.66164
0.67738
0.03963
0.15886
0.25516
0.43052
0.50022
0.54467
0.57016
0.63789
0.65356
0.03781
0.15285
0.24707
0.42117
0.49106
053577
0.56143
0.62969
0.64548
0.03686
0.14987
0.24326
0.41735
0.48761
0.53261
0.55845
0.62718
0.64307
0.03635
0.14832
0.24136
0.41565
0.48619
0.53139
0.55734
0.62634
0.64228

TABLE-21 CONTINUED

H2
0.17109
012668
0.10066
0.02916
0.01206
D.73546
0.60634
0.49923
0.29581
0.21117
0.15580
012351
0. 03551
0.01465
G.82885
0.68261
0.56091
0.33002
0.23455
017244
0.13640
0.03894%
0.01604
0.88059
0.72452
0.59429
0.34752
0.24607
0.18040
0.14243
0.04044
0.01663
0.90788
0. 74645
0.61149
0.35605
0.25146
0.18400
0.14510
0.04105
0.01687
0.92256
0.75817
0.62058
0.36035
0.25410
0.18571
0.14635
0.04131
0.01696

Co
0.10732
0.11837
0.1248%
0.14292
0.14727
0.01378
0.05608
0.09133
0.15864%
0.18679
0.20526
0.21604
0. 24548
0.25241
0.01736
0.07063
0.11488
0.19862
0.23316
0.25560
0.26861
0.30377
0.31202
0.01863
0.07589
0.12345
0.21306
024969
0.27334
0.28699
0.32357
0.33209
0.01897
0.07742
0.12606
0.21760
0.25487
0.27884%
0.29265
0.32949
0.33803
0.01903
0.07781
0.12682
0.21908
0.25659
0.28067
0.29452
0.33140
0.33994

CH4
0.02877
0.01577
0.00996
0.00084
0.00014
0.19889
0.13519
0.09164
0.03218
0.01640
0.00893
0.00561
0.00046
0.00008
0.11050
0.07495
0.05060
0.01752
0.00885
0.00478
0.00299
0.00024
0.00004
0.06151
0.04164
0.02802
0.00958
0.00480
0.00258
0.00161
0. 00013
0.00002
0.03567
0.02411
0.01618
0.00549
0.00274
0.00147
0.00091
0.00007
0.00001
0.02176
0.01470
0.00985
0.00332
0.00165
0.00088
0.00055
0.00004
0.00001

H20
0.07015
0.95729
0. 04803
0.01592
0.00678
0.00875
0.02937
0. 03938
0.04053
0.03407
0.02762
0.02305
0.00753
0.00320
0.00360
0.01207
0.01613
0. 01641
0.01369
0.01103
0. 00917
0.00296
0.00125
0. 00144
0.00482
0. 00643
0.00649
0.00539
0. 00432
0.00358
0.00115
0.00048
0.00062
0. 00207
0.00276
0.00277
0. 00229
0.00184
0. 00152
0.00048
0.00020
0. 00029
0.00097
0.00129
0.00130
0.00107
0. 00086
0.00071
0. 00023
C-.00009

coz2
0.06066
0.07381
0.08215
0.10759
0.11423
0.00016
0.00258
0.00683
0.02062
0.02859
0.03452
0.03824
0.04937
0.05222
0.00005
0.00088
0.00232
0.00692
0.00954
0.01147
0.01267
0.01620
0.01709
0.00002
0.00028
0.00073
0.00218
0.00299
0. 00359
0.00395
0.,00503
0.00529
0.00001
0.00010
0.00025
0.00075
0.00103
0.00124
0. 00136
0.00173
0.00182
0. 00000
0.00004
0.00010
0.00030
0.00041
0. 00049
0.00053
0.00068
0.00071
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Ty K
500

600

T00

800

900

1000

TABLE-22 EQUILIBRIUM GAS—-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
J.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.08903
0.31178
0.45370
0.65150
0.71379
0.74964
0.76855
0.81625
0.82641
0.08799
0.30884
0.45022
0.64859
0.71153
0.74790
0.76755
0.81579
0.82619
0.08510
0.30068
0.44052
0.64020
0.70479
0.74249
0.76299
0.81385
0.82491
0.07953
0.28478
0.42138
0.62281
0.69010
0.73001
0.75195
0.80724
0.81946
0.07155
0.26144
0439252
059402
0.66389
0. 70604
0.72945
0.78930
0.80270
0.06302
0.23525
0.35859
0.55561

P=10 ATM,N/0= 5.00

H2
0.00570
0.00458
0.00371
0.00207
0.00139
0.00096
0.00072
0.00018
0.00007
0.02911
0.02339
0.01898
0.01092
0.00760
0.00546
0.00425
0.00114
0.00046
0.09368
0.C7528
0.06112
0.03562
0.02523
0.01849
0.01458
0.00410
0.00168
0.21796
0.17492
0.14178
0.08260
0.05877
0.04329
0.03430
0.00985
0.00406
0.39447
0.21588
0.25518
0.14742
0.10453
0.07687
0.,06085
0.01745
0.00720
0.58067
0.46395
C.3T7344
0.21342

co
0. 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00001
0.00003
0.00004
0.00008
0.00011
0.00012
0.00013
0.00016
0.00017
0.60G60%
0.00035
0.00059
0.00111
0.00136
0.00154
0.00165
0.00197
0.00205
0.00062
0.00251
0.00413
0.00745
0.00896
0.01000
0.01063
0.01241
0.01285
0.00271
0.01093
0.01774
0.03093
0.03658
0.04035
0.04257
0.04876
0.05026
0.00764
0.03042
0.04878
0.08272

CH4
0.B6977
0.56104
036746
0.11499
0.05150
0.02454%
0.01403
0.00086
0.00014
0.84791
0.54763
0.36048
0.11934
0.05782
0.02988
0.01806
0.,00130
0.00021
0.78745
0.50844
0.33515
0.11382
0.05713
0.03066
0.01907
0.00151
0.00025
0.67105
0.43218
0.28394
0.09638
0.04879
0.02648
0.01662
0.00137
0.00023
0.50574
0.32431
0.21164
0.07063
0.03551
0.01920
0.01203
0.00099
0.00017
0.33141
Q21157
0.137C7
0.04477

H2Q
0.03538
Ue 12047
0.16878
0.20228
0.18112
0.14986
0. 12501
0.03891
0. 01618
0.03480
0.11671
0. 16050
0.18279
0.16136
0. 13421
0.11313
0.03705
0.01564
0.03340
0.11056
0. 14962
0.16354
0.14241
0.11818
0. 09989
D.03356
0.01431
0. 03050
0.09983
0.13211
0.13%985
0.11970
0. 09842
0.08285
0.02778
0.01186
0.02515
0. 08125
0.10657
0.10733
0. 09001
0.07300
0. 06098
0.02003
0.00852
0. 01695
0.05393
0. 06959
0. 06745

coz2
0.00012
0.00212
0.00635
0. 02916
0.05220
0.07499
0. 09128
014379
0.15719
0.00020
0.00340
0.00977
0.03828
0.06157
0.08241
0.09688
0.14455
0.15733
0.00028
0.00468
0.01300
0.04572
0. 06907
0.08864
0.10183
014500
0.15680
0. 00035
0.00579
0.01566
0.05091
0.07369
0.095179
0.10365
0.14136
0.15154%
0.00038
0.00620
0.01635
0.04967
0. 06948
0.08453
0.09412
0.12346
0.13115
0.00031
0.00488
0.01253
0.03604
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Ty K

1100

1200

1300

14090

1500

0/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
44,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.62606
0.66909
0.69314%
0.75514
0.76912
0.05622
0.21350
0.32939
0.51990
0.58949
0.63231
0.65633
0.71849
0.73254
0.05194
0.20005
0.31169
049940
0.56903
0.61209
0.63630
0.69906
0.71325
004960
019308
0.30305
049076
0«56104
0.60460
0.62911
0.69267
0.70703
0.04839
0.18962
0.29898
0.48726
055807
0.60198
0.62670
0.69074
0.70520
0.04774
0.18783
0.29696
0.48572
0.55685
0.60097
0.62580
0.69010
0.70462

TABLE-22 CONTINUED

H2
0.15043
0.11013
0.08694
0.02473
0.01018
072707
(e 57984
046525
0.26326
0.18449
0.13448
0.10586
0.02986
0.01226
0.81935
0.65230
0.52184
0.29252
0.20389
0.14803
0.11624
0.03254
0.01334
0.87047
0.69196
0.55218
0.30715
0.21317
0.15429
0.12092
0.03366
0.01378
0.89742
0.71264%
0.56770
0.31415
0.21743
0.15706
0.12294
0.03410
0.01295
0.91191
0.72368
0.57586
031764
0.21948
0.15835
0.12387
0.03429
0.01402

co
0.09660
0.10564
0.11089
0.12517
0.12855
0.01363
0.05375
0.08545
0.14237
0. 16494
0.,17937
0.18767
0.20984
0.21500
0.01715
0.06741
0.10673
0.17600
0.20282
0.21974
0.22937
0.25476
0.26059
0.,01840
0.07234
0.11442
0.18786
0.21591
0.23345
0.24338
0.26931
0.27521
0.01874
0.07379
0.11679
0.19158
0.21998
0.23766
024764
0.27358
0.27946
0.01881
0.07418
0.11750
0.19282
0.22134%
0.23906
0.24905
0.27495
0.28081

CH4
0.02224
0.01192
0.00743
0.00060
0.00010
0.19438
0.12363
0.07959
0.02548
0.,01251
0.00665
0.00412
0.00033
0.00006
0.10798
0.06844
0.04380
0.01376
0.0066%
0.00352
0.00217
0.00017
0.00003
0.06010
0.03798
0.02419
0.00748
0.00360
0.00189
0.00116
0.00009
0.00002
0.03485
0.02198
0.01395
0.00427
0.00205
0.00107
J.00065
0.00005
0.00001
0.02126
0.,01339
0.00848
0.00258
0.00123
0.00064%
0.00039
0.00003
0.00001

H20
0.05552
0.04445
0. 03683
0.01183
0, 00500
0.00856
0.02692
0. 03434
0.03237
0.02628
0.02083
0.01716
0. 00541
0.00228
0.00352
0.01101
0.01394
0. 01289
0.01035
0.00814
0. 00667
0.00208
0. 00087
0.00140
0.00439
0. 00554
0.00506
0.00404
0. 00316
0.00258
0.00079
0.00033
0.00060
0. 00188
0.00237
0.00215
0.00171
0.00134
0. 00109
0.00033
0.00014
0. 00028
0.00088
0.00111
0.00101
0.00080
0. 00062
0.00051
0. 00016
0. 00006

co2
0.04915
0.05878
0. 06477
0.08253
0.08705
0.00015
0.00237
0. 00598
0.01661
0.02229
0. 02636
0.02885
0. 03607
0.03787
0.,00005
0. 00080
0.00200
Q. 00544
0.00722
0.00848
0. 00924
0.01139
0.01192
0.00002
0.00025
0. 00063
0.00169
0.00224
0.00262
0.00284
0.00348
0.00364
0.00001
0. 00009
0.00022
0.00058
0.00077
0.00090
0. 00098
0.00119
0.00124
0. 00000
0.00003
0. 00009
0.00023
0.00030
0., 00035
0.00038
0.00047
0.00049
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Ty K
500

€00

T00

800

900

1000

TABLE-23 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0«75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10,00
0,01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.16349
0.4T524
0.62404
0.78884%
0.83289
0.85683
0.86933
0.89881
0.90495
0.16165
0.47133
0.62008
0.78611
0.83090
0.85535
0.86814
0.89845
0.90477
0.15657
0.46051
0.60910
0.77836
0.82503
0.85079
0.86438
0.89689
0.90375
0.14678
0.43953
0.58767
0.76263
0.81257
0.84057
0.85549
0.89169
0.89944
0.13277
0.40897
0.55584%
0.73723
0.79086
0.82134%
0.83770
0.87778
0.88642
0.11779
0.37505
0.51916
0.70449

P=10 ATMN/0=10.00

H2
0.00546
0400400
0400307
0.00161
0.00106
0.00072
0.00054
0.00013
0.00005
0.02789
0.02040
0.01571
0.00845
0.00577
0.00410
0.00317
0.00084
0.00034
0.08974
0.06554
0.05039
0.02730
0.01889
0.01365
0.01068
0.00295
0.00120
020874
0.15176
0.11597
0.06212
0.04292
0.03105
0.02434
0.00680
0.00278
0.37761
0.27260
0.20632
0.10805
0.07392
0.05314
0.04152
0.01149
0.00470
0.55557
0.39801
0.29822
0.15252

co
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00001
0.00002
0. 00004
0.00007
0.00008
0.00009
0.00010
0. 00012
0.00013
0.00008
0.00031
0.00049
0.00087
0.00105
0.00117
0.00125
0.00146
0.00151
0.00059
0.00222
0.00348
0,00588
0.00692
0.0C762
0.00804
0.00919
0.00946
0.00261
0. 00971
0.01500
0.02430
0.02800
0.03038
0.03176
0.03545
0.03631
0.00736
0.02677
0.04047
0.06279

CH4
0.79846

0.42733

0.25245
0.06946
0.02996
0.01398
0.00790
0.00047
0.00007
0.77832
0.41661
0. 24695
0.07154
0.03330
0.01682
0.01004
0.,00070
0.00011
0.72262
0.38545
0.22778
0.06686
0.03202
0.01671
0.01023
0.00078
0.00013
0.61545
0.32533
0.18996
0.05450
0.02602
0.01361
0.00837
0.00065
0.00011
0.46343
0.24152
0.13835
0.03794
0.01776
0.00918
0.00560
0.00043
C.00007
0.30337
0.15570
0.08741
0.02286

H20
0.03248
0. 09181
0.11606
0.12241
0.10559
0.08556
0.07058
0.02139
0.00885
0.03196
0.08904
0.11047
0.11049
0,09282
0. 07631
0.06356
0.02022
0.00848
0.03072
0. 08457
0.10315
0.09842
0. 08208
0.06638
0.05530
0.01791
0.00757
0.02812
0.07663
0.06179
0.08309
0.06756
0. 05380
0.04447
0.01419
0. 00599
0.02323
0. 06230
0.07282
0.06181
0. 04873
0.03801
0.03104
0.00959
0.00402
0. 01563
0.04070
0.04611
0. 03658

coz2
0.00011
0.00162
0.00437
0.01768
0.03049
0.04290
0. 05164
0.07918
0.08607
0.00018
0.00260
0.00676
0.02333
0.03614
0.04733
0.05499
0.07967
0.08617
0.00025
0. 00361
0.00%09
0.02819
0.04094
0.05131
0. 05816
0. 08000
0.08583
0.00032
0.00453
0.01113
0.03178
0.04401
0. 05334
0.05929
0.07748
0.08222
0.00035
0.00489
0.01168
0.03067
0.04072
0.04794
0.05237
0.06526
0.06848
0. 00029
0.00377
0.00863
0. 02076
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4400

10.00

N2
0.76074
0.79296
0.810321
0.85295
0.86216
0.10587
034736
0.48875
0.67647
0.73451
0.76790
0.78592
0.83024
0.83981
0.09839
0.33060
0.47120
0.66210
0.72179
0.75620
Q.TT4TT
0.82044
0.83029
0.09430
0.32206
0.46291
0.65648
0. 71726
0.75229
0.77118
0.81760
0.82760
0.09218
0.31785
045907
0.65427
0.T1564%
0.75098
0.77003
0.81678
0.82684
0.09104
0.31569
0.45719
0.65331
0.71498
0.75048
0.76961
0.81651
0.82660

TABLE-23 CONTINUED

H2
0.10321
0.07365
0.05729
0.01566
0.00639
0.69532
049487
0.36764
0.18428
0.12355
D.08761
0.06790
0.01838
0.00748
0.78330
0.55441
0.20152
013409
009461
0.,07311
0.01963
0.00797
0.83195
0.58643
0.43021
0.20952
0.13870
0.09754%
0.07522
0.02009
0.00815
0.85757
0.60291
0.44083
0.21317
0.14070
0.09876
3.07609
0.02027
0.00821
U.87134
De61163
Ue44633
021495
0.14164%
0.09931
0.07647
0.02034
000824

co
0.07102
0.07612
0.07901
0.08653
0.08824
0.01305
0.04622
0.06838
0.10201
0.11362
0.12062
0.12449
0. 13434
0.13654
0.01637
0.05706
0.08328
0.12115
0.13361
0.14093
O 14493
0.15490
0.15708
0.01755
0.06092
0.08849
0.12740
0.13987
014712
0.15105
0.16076
0.1628¢
0.01788
0. 06211
0.09013
0.12934
0e14177
0.14896
0.15285
0.16240
016446
0.01795
0.06246
0.09067
0.12999
0.14241
0.14958
015344
0.16292
0.16496

CH4
0.01047
0.00533
0.00323
0.00024
0.00004
017777
0.09005
0.04970
0.01249
0.00561
0.00282
0.00170
0.00012
0.00002
0.09869
0. 04944
0.02689
0.00653
0.00289
0.00144%
0.00086
0.00006
0.00001
0.05490
0.02728
0.01468
0.00348
0.00153
000075
0.00045
0.00003
0.00001
0.03182
0.01573
0.00841
0.00197
0.00086
0.00042
0.00025
0.00002
0.00000
0.01941
0.00956
0.00509
0.00118
0.00051
0.00025
0.00015
0.00001
0.00000

H20
0.02800
0.02142
0. 01729
0.00518
0. 00215
0. 00784
0.01975
0. 02171
0.01624
0.01213
0. 00913
0.00730
0.00213
0.00088
0.00321
0. 00792
0.00852
0.00611
0 00449
0.00334
0.00265
0.00076
0.00031
0. 00128
0.00313
0.00234
0.00234
0.00170
0. 00126
0.00100
0.00028
0.00012
0.00055
0. 00134
0.00142
0.00099
0. 00071
0.00053
0.00042
0.00012
0.00005
0. 00026
0.00063
0.00067
0. 00046
0.00033
0.00024
0.00019
0.00005
0. 00002

caz
0. 02656
0.03052
0.03288
0.03944
0.04102
0.00014
0.00175
0. 00383
0.00852
0.01058
0.01192
0.01270
0.01479
0.01527
0.00005
0. 00057
0.00122
0.00258
0.00313
0.00349
0.00369
0.00421
0.00433
0. 00001
0.00018
0.00038
0.00078
0.00094
0.00104
0.00110
0.00124%
0.00127
0.00001
0. 00006
0.00013
0.00027
0. 00032
0.00035
0.00037
0.00042
0.00043
0.00000
0.,00002
0.30005
0. 00010
0.,00013
0.00014
0.00015
0.00016
Q.00017
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Ty K
500

600

700

800

9400

1000

TABLE-24 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00
10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.030
4,00
10.00
0.01
0.05
0.10
0.30

N2
0.28098
0.64410
0.76830
0.88182
0.90874
0.52283
0.93005
0.94670
0.95010
0.27805
0.63975
0.76450
0.87956
0.90715
0.92167
0.92913
0.94642
0.94996
0.26997
0.627T7
0.75404
0.87327
0.90259
0.91822
0.92631
0.94527
0.94920
0.25440
0.60480
0. 73406
0.86096
0.89327
0.91074
0.91986
0.94149
0.94602
0.23219
057195
0.70527
0.84186
0.87760
0.89708
0.90730
0.93160
0.93671
0.20852
0.53646
0.67352
0.81873

P=10 ATM,N/0=20.00

H2
0.00506
0.00329
0.00241
0.00120
0.00078
0.00053
0. 00040
0.00010
0.00004
0.02584
0.01676
0.01228
0.00627
0.00422
0.00297
0.00229
0.00060
0.00024
0.08314
0.05365
0.03910
0.01993
0.01353
0.00967
0.00752
0.00204
0.00083
0.19320
0.12327
0.08866
0.04400
0.02963
0.02110
0.01639
0.00447
0.00182
0.34901
0.21877
0.15430
007358
0.04876
0.03437
0.02656
0.00714
0.00290
0.51261
031495
0.21768
0. 09992

co
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00002
0.00003
0.00005
0.00006
0.00007
0.00007
0.00009
0.00009
0.00008
0.00026
0.00039
0.00066
0.00078
0.00087
0. 00092
0.00106
0.00110
0. 00055
0.00186
0.00279
0.00448
0.00518
0. 00564
0.00591
0.00663
0.00680
0.00245
0.00817
0.01200
0.01821
0.02051
0.02194
0.02275
0.02485
0.02533
0.00688
0.02203
0.03118
0. 04429

CH4
0.68595
0.28930
0.15515
0.03869
0.01628
0.00749
0.00421
0.00025
0.00004
0.66846
0.28129
0.15097
0.03937
0.01781
0.00885
0.00524
0.00036
0.00006
0.62012
0.25829
0.13718
0.03562
0.01643
0.00838
0.00507
0.00038
0.00006
0.52724
0.21464%
0.11104
0.02735
0.01240
0.00629
0.00380
0.00028
0.00005
0.39589
0.15555
0.07738
0.01760
0.00773
0.00384
0.00229
0.00017
0.00003
0.25827
0097590
0.04657
0.00981

H20
0.02791
0. 06222
0.07144
0.06838
0. 05754
0.04600
0.03769
0.01124
0.00463
0. 02749
0.06041
0. 06804
0.06157
0.05089
C. 04077
0.03368
0.01051
0. 00439
0.02648
0.05753
0.06355
0.05437
0. 04387
0.03478
0.02866
0. 00902
0.00379
0. 02432
0.05224
0.05629
0. 04480
0. 03489
0. 02705
0.02201
0.00674
0. 00282
0.02014
0.04209
0. 04358
0.03154
0. 02354
0.01775
0.01422
0. 00418
000173
0. 01347
0. 02651
0.02593
0. 01691

co2
0.00009

0.00110

0.00270
0.00990
0.01667
0.02314
0.02766
0.04171
0.04519
0. 00015
0.00177
0.00419
0.01317
0.01988
0.02567
0.02958
0.04202
0. 04526
0.00022
0.00249
0.00573
0.01615
0. 02280
0.02809
0.03153
0.04222
0.04502
0.00028
0.00319
0.00716
0.01841
0.02463
0.02919
0.03203
0.04039
0.04249
0.00031
0.00347
0.00748
0.01722
0.02185
0.02500
0.02688
0. 03207
0.03331
0.00025
0.00256
0.00512
0.01033
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Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10. 00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.85732
0.87840
0.88945
0.91573
0.92124
0.18978
0.50868
0.64914
0.80156
0.84241
0.86473
0.87643
0.90420
0.91002
0.17808
0.49268
0.63629
0.79409
0.83645
0.85956
0.87165
0.90031
0.90629
0.17172
0.48479
0.63056
0.79143
0.83454%
0.85801
0.87028
0.89931
0.90536
0.16841
0.48097
0.62798
0.79042
0.83387
0.85751
0.86986
0.89903
0.90511
0.16665
047903
0.62673
0.78998
0.83361
0.85732
0.86970
0.89894%
0.90503

TABLE-24 CONTINUED

H2
D.06524
0.04556
0.03502
0.00928
0.00376
0.64051
0.38659
0.26260
0.11686
007542
0.05229
0.04003
0.01050
0.00424
0.72063
0.42882
0.28739
0.12498
0.07999
0.05519
0.04213
0.01098
000443
076473
0.45072
029945
Del2841
0.08180
0.05628
0.04290
0.01113
000449
0.78789
0.46174
0.30525
0.12991
0.08255
0.05672
0.04320
0.01119
0.00451
0.80031
0.46T749
0.30819
0.13062
0.08290
0.05691
0.04333
0.01121
0.00452

co
0.04866
0.05125
0.05267
0.05625
0.05704
0.01206
0.03650
0.04962
0.06627
0.07127
0.07412
0.07565
0.07938
0.08018
0.01502
0.04388
0.05825
0.07508
0.07981
0.08243
0.08382
0.08713
0.08782
0.01607
0.04644
0.06109
0.07769
0.08222
0.08469
0.08599
0.08908
0.08973
0.01637
0.04725
0.06200
0.07848
0.08292
0.08535
0.08661
0.08%961
0.09024
0.01645
0.04751
0.06231
0.07875
0.08316
0.08556
0.08682
0.08978
0.09040

CH4
Q.00418
0.00204
0.00121
0.00008
0.00001
0.15085
0.05495
0.02536
0.00502
0.00209
0.00101
0.00059
0.00004
0.00001
0.08353
0.02958
0.01328
0.30251
0.00103
0.00049
0.00029
0.00002
0.00000
0.04639
0.01611
0.00711
0.00131
0.00053
0.00025
0.00015
0.00001
0.00000
0.02686
0.00923
0.,00403
0.00073
0.00029
0.00014
0.00008
0.00001
0.00000
0.01638
0.00559
0.00243
0.00044
0.00018
0.00008
0.00005
0.00000
0.00000

H20
0.01213
0.00892
0. 00705
0.00199
0.00082
0. 00667
0.01219
0.01126
0.00669
0.00464
0. 00335
0.00262
0.00072
0. 00029
0.00271
0. 00471
0.00419
0.00235
0, 00160
0.00114
0.00088
0.00024
0.00010
0. 00108
0.00184
0.00160
0. 00087
0.00059
0.00042
0.00032
0.00009
0. 00004
0.00046
0. 00078
0.00068
0.00036
0. 00024
0.00017
0.00013
0. 00004
0.00001
0.00022
0.00037
0.00032
0. 00017
0.00011
0.00008
0. 00006
0.00002
0. 00001

coz2
0.01247
0.01383
0.01461
0.01666
0.01713
0.00012
0.00109
0.00202
0.00360
0.00416
0. 00450
0.00469
0.00516
0.00527
0.00004
0.00034
0.00060
0.00099
0.00112
0.00119
0.00123
0.00133
0.00135
0.00001
0.00010
0.00018
0.00029
0.00032
0.00034
0.00035
0.00038
0.00039
0.00000
0.00004
0.00006
0.00010
0.00011
0.00012
0.00012
0.00013
0.00013
0.,00000
0.00001
0.00002
0. 00004
0.00004
0.00005
0.30005
0.00005
0. 00005
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Ty K
500

600

700

800

200

1000

TABLE-25 EQUILIBRIUM GAS—~PHASE MOLE FRACTIONS

0/H
0.01
.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

0.01
0.05
0.10
0.30
D.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.320

e 6 & * & & @ ¢ 90 & @& & O 0 o & & ® o & o =
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e ® & ® 3 o & 5 # & 3 ®& & @ & o © & & © 2 e & @& £ & o @&

P=15 ATMyN/0O= 0.0

H2
0.00488
0.00451
0.00410
0.00288
0.00212
0.00157
0.00123
0.00034
0.00014
0.02498
0.02311
0.02108
0.01525
0.01175
0.00905
0.00733
0.00221
0.00092
0.08094
0.07499
0.06857
0.05069
0.03998
0.03154%
0.02600
0.00832
0.00352
0.19111
0.17722
016247
0.12194
0.09761
0.07814
0.06515
0.,02176
0.,00933
035473
0.32926
030251
0.22956
0.18556
0.14993
0.12588
0.04322
0.01871
0.54076
0.50219
0.46192
0.35243

co
0.00000
0.00000
0.00000
0.00000
0.0000¢C
0.00001
0.00001
0.00001
0.00001
0. 00001
0.00002
0.00005
0.00012
0.00016
0.00020
0.00023
0.00031
0.00034
0.00007
0.00035
0.00064
0.00150
0.00204
0.00248
0.00277
0.00374
0.00401
0.00052
0.00243
0. 00445
0, 00999
0.01331
0.01597
0.01774
0.02364
0.02532
0.00232
0.01057
0.0190¢
0.04160
0.05473
0.06514%
0.07207
0.09527
0.1019¢9
0.00677
0.03058
0.05478
0.11761

CH4
0.95613
0.81716
0.67487
033179
0.18112
0.09869
0.06113
0.00472
0.00079
0.93651
0.80209
0.66687
0.34918
0.20715
0.12286
0.08065
0.00733
0.00127
0.88173
0.75673
0.63284
0.34584
0.21513
0.13385
0.09101
0.00932
0.00167
0.77382
0.66542
0.55928
0.31504
0.20189
0.12938
0.08993
0.01003
0.00184
0.61347
0.52853
044614
025690
0.16787
010960
0.07725
0.00911
0.00171
0.43112
0.37182
031457
0.18312

H20
0.03886
0.17525
0.30940
0.58175
Os 63456
0.60041
0. 54275
0.21239
0.09351
0. 03829
0.16985
0.29426
0. 52679
0.56800
0.54153
0049552
0.20508
0. 09172
0.036595
0.16125
0.21474
0.47502
0.50875
0.487T15
0.44906
0. 19391
0.08802
0.03418
0.14680
0.24653
0. 41552
0.44314
0.42546
0. 39403
0.17536
0.08057
0.02906
0.12293
0. 20389
0.33716
0.35856
0.34484
0.32030
0e 14540
0.06737
J.02098
0. 08802
0.14501
0.23754

co2
0.00013
0.00308
0.01162
0.08359
0.18218
0e29932
0.39487
0.78253
0.90555
0. 00021
0.00492
0.01775
0.10867
0.21294
0.32636
0.41627
0.78507
0. 90576
0.00030
0.00669
0.02321
0.12695
023410
0.34498
0.43116
0. 78470
0.90278
0.00038
0.00813
0.02727
0. 13751
0.24404
0.35105
0.43316
0.76922
0.88293
0.00042
0.00871
0.028328
0.13478
0.23328
0.33049
0.40450
0.70700
0.81022
0.00036
0.00739
0.02371
0.10929



0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.20
.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

a & & & @

CO0OOoOCOOCOLOLODLOCOOCLOOOLCDOCOOCCOOO
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TABLE-25 CONTINUED

H2
0.28619
0.23225
0.19562
0.06805
0.02958
0.70268
0.65237
0.59969
0.45646
0.37007
0.29993
0.25241
0.08756
0.03804
0.81641
0.75752
0.69548
0.52621
0.42450
034246
0.28723
0.09835
0.04254%
0.88529
0.82120
0.75343
056796
045664
0.36716
0.30717
0.10409
0.04487
0.923289
0.85690
0.78594
0.59142
0.47468
0.38101
0.31833
0.10726
0.04614
0.94543
0.87682
0.80407
0.60445
0.48466
0.38862
0.32442
0.10894%4
0.04681

ca
0.15382
0.18244
0.20146
026535
0.28395
0.01297
0.05888
0.10590
0.22888
0.29998
0.35617
0.39350
0.51872
0.55512
0.01738
0.07969
0.14456
0.31765
0.41900
0.49936
0.55278
0.73144
0.78306
0.01919
0.08844
0.16118
0.35772
0.47392
0.56635
0.62785
0.83323
0.89231
0.01972
0.,09106
C.16629
0.37083
0.49236
0.58923
0.65373
0. 86897
0.93074
0.01982
0.09164
0.16755
037465
0.4980¢9
0.59658
0.66216
0.88106
0.94378

CH4
0.12076
0.07953
0.05642
0.00683
0.00129
0.27234
0.23473
0.19836
0.11492
0.0755%
0.04962
0.03514
0.00423
0.00080
0.16081
0.13845
0.11670
0.06681
0.04348
0.02830
0.01990
0.00233
0.00044%
0.09325
0.08024
0.06754
0.03838
0.02481
0.01604
0.01123
0.00129
0.00024
0.05540
0.04766
0.04009
0.02270
0.01463
0.00942
0.00658
0.00075
0.00014
0.03428
0.02949
0.024890
0.01401
0.00901
0.00579
0. 00404
0.00046
0.00008

H20
C. 25228
0.24282
0.22585
0. 10348
0.04814
0. 01180
0.04976
0.08228
0. 13536
0.14383
0.13840
0.12868
0.05884
0. 02736
0.00533
0. 02267
0. 03778
0.06277
0. 06679
0.06422
0.05962
0.02701
0.01251
0. 00223
0. 00955
0.01597
0. 02672
0.02847
0.02735
0.02537
D.01141
0. 00527
0.00098
0.00419
0.00701
0.01177
0.01254
0.01205
0.01117
0. 00500
0.00230
0.00046
0. 00198
0.00332
0. 00559
0. 00595
0.00572
0. 00530
0.00237
0.00109

co2
0.18694
0.26296
0.32065
0.55630
0.63703
0.00021
0.00426
0.01378
0. 06438
0.11058
0.15589
0.19028
0.33065
0.37869
0.00008
0.00167
0.00550
0.02657
0. 04623
0.06566
0.08046
0. 14087
0.16146
0.,00003
0.00056
0.00187
0. 00921
0.01617
0.02309
0.02838
0.04998
0.05732
0.00001
0.00020
0.00066
0.00328
0.00579
0.00829
0.01020
0.01802
0.02067
0.00000
0.00008
0.00026
0.00130
0.00229
0.00329
0. 00405
0.00718
0.00824



Ty K
500

600

700

800

900

1000

TABLE-26 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1,00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
030
0.50
Q.75
1.00
4.00

10,00
0.01
0.05
0.10
0.30

N2
0.01918
0.08315
0.14259
0.27239
0.33304
0.37477
0.39981
0.47053
0.48778
0.01899
0.08241
Del4146
0.27094%
0.33172
0.37363
0.39883
0.47016
0.48759
0.01846
0.08033
0.13828
0.26667
0.32764
0.36999
0.39557
0.46854
0.48650
0.01741
0.07617
0.13183
0.25747
0.31837
0.36121
0.38732
0.46292
0.48181
0.01583
0.06978
0.12163
0241432
0.30100
034357
0.36982
0.44722
046694
0.01402
0.06209
0.10875
0.21845

P=15 ATMyN/O=

H2
0.00483
0.00432
0.003280
0.00245
0.00173
0.00124
0.00096
0.00025
0.00010
0.02473
0.02213
0.01951
0.01299
0.00957
0.00714
0.00566
0.00160
0. 00066
0.08016
0.07178
0.06344
0.04310
0.03248
0.02476
0.01998
0.00598
0.00249
0.18925
016959
0.15019
0.10329
0.07882
0.06084%
0.04955
0.01537
0.00646
0.35129
0.31500
0.27937
019360
0.14872
0.11552
0.09453
0.02986
0.01263
0.53551
0.48037
0.42639
0.29648

co
0.00000
0.00000
0.00000
0.00000
000000
0.00000
0.00001
0.00001
0.00001
0.00001
0.00002
0.00004
0.00010
0.00013
0.00016
0.00018
0.00023
0.00024
0.00007
0.00033
0. 00060
0.00129
0.00167
0.00197
0.00215
0.00272
0.00287
0.00052
0.00233
0.00414%
0.00860
0.01096
0.01272
0.01383
0.01724
0.01813
0.00230
0.01018
0.01783
0.03594
0.04526
0. 05209
0.05638
0. 06947
0.07293
0.00671
0.02944
0.05115
0.10153

1.00

CH4
0.93774
0.74904
0.57841
0.24120
0.12066
0.06163
0.03664%
0.00250
0.00040
0.91850
0.73515
0.57135
0.25344
0.13764
0.07645
0.04815
0.00385

0.00065

0.86476
0.69338
0.54171
0.24998
0.14197
0.08252
0.05372
0.00482
0.00083
0.75890
0.60940
0.47795
0.22607
0.13162
0.07842
0.05202
0.00501
0.00088
0.60163
0.48373
0.384051
0.18273
0.10782
0.06506
0.04356
0.00435
0.00078
0.42279
0.34021
0.26804
0.12960

H20
0.03811
0.16066
0. 26524
0.42313
0.42302
0.3751¢9
0.32556
0.11239
0.04787
0. 03756
0. 15577
0.25239
0.38328
0.37857
0.33814
0., 29688
0.10824
0. 04681
0.03625
0.14803
0. 23597
0.34585
0.33886
0. 30352
0.26815
0.10152
0.04450
0.03355
0. 13500
0.21223
0.30281
0.29469
0.26393
0. 23374
0.09035
0.03995
0. 02854
0.11324
0.17589
0.24569
0.23765
0.21245
0.18816
0.07325
0. 03251
0.02061
0.08105
0.12499
0.17250

co2
0.00013
0.00282
0.00997
0.06083
0.12153
0.18717
0.23702
0.41433
0.46384
0.00021
0.00451
0.01524
0.07925
0.14236
0.20448
0.25030
0.41593
0.46406
0.00030
0.00615
0.02000
0.09310
0.15737
0.21724
0.26042
0.41642
0.46281
0.00037
0. 00750
0.02365
0.10177
0.16554
0.22288
0.26354
0.40912
0.45276
0. 00041
0.00807
0.02477
0.10061
0.15955
0.21130
0.24755
0.37586
0. 41422
0.00036
0. 00685
0.02067
0.08144%
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00

N2
0.27411
0.31438
033943
Desl442
0.43382
0.01242
0.05498
0.09628
0.19360
024319
0.27920
0.30166
0.36922
0.38678
0.01129
0. 04996
0.08742
0.17550
0.22025
0.25269
027290
0.33353
0.34924
0.01062
0.04707
0.08253
0.16625
0.20894
0.23991
0.25921
0.31704
0.33200
0.01025
0.04555
0.08006
0.16214
0.20424
023485
0.25395
0.31121
0.32602
0.01004
0.04473
0.07878
0.16024
0.,20222
0.23280
0.25189
0.30917
0.32398

TABLE-26 CONTINUED

H2
0.22831
0.17774
0.14566
0.04626
0.01959
0.69587
0.62414
0.55385
0.38464
0.29589
0.23012
0.18845
0.05968
0.02525
0.80850
072488
De642T4
044474
0.34113
0.26461
0.21628
0.06801
0.02871
0.87672
0.78582
0.69631
0.48030
0.36744
0.28433
0.23200
0.07248
0.03053
0.91494
0.81990
0.72616
0.49970
0.38153
0.29470
0.24015
0.07467
0.03141
0.93627
0.83888
0.74271
0.51021
0.38901
0.30010
0.24432
0.07571
0.03182

co
0.12703
0.14558
0.15719
0.19247
0.20176
0.01285
0.05646
0.09829
0. 19564
0.24497
0.28083
0.30326
0.37116
0.38897
0.01720
0.07614
0.13331
0.26828
0.33735
0.38770
0.41921
0.51451
0.53942
0.0189¢9
0.08440
0.14830
0.30052
0.37890
0.43613
0.47195
0.58010
0.60828
0.01952
0.08691
0.15303
0.31130
0.39305
0.45276
0.49011
0.60268
0.63191
0.01962
0.08751
0.15430
0.31469
039769
0.45832
0.49623
0.61031
0.63988

CH4
0.07685
0.04657
0.03128
0.00316
0.00057
0.26708
0.21486
0.16919
0.08160
0.04829
0.02921
0.01959
0.00196
0.00035
0.15771
0.12677
0. 09967
0.04772
0.02808
0.01689
0.01129
000112
0.00020
0.09146
0.07347
0.05769
0.02745
0.01606
0.00962
0.00640
0.00063
0.00011
0.05433
0.04363
0.03423
0.01621
0.00945
0.00564
0.00374
0.00036
0.00006
0.03362
0.02699
0.02116
0.00998
0.00580
0.00345
0.,00229
0.00022
0.00004

H20
0.16621
0.14828
0.13121
0. 05103
0.02266
0.01158
0.04565
0.07052
0. 09749
0.09391
0.08373
0. 07404
0.,02870
0.01272
0. 00522
0.02073
0.03218
0.04481
0.04322
0.03852
0.03405
D 0131 4
0.00582
0.00219
0., 00872
0.01358
0.01899
0.01831
0.01631
0. 01440
0.00553
0.00244
0.00096
0.00382
0. 00596
0,00835
0.00805
0. 00716
0.00632
0. 00241
0.00107
D.00045
0.00181
0.00283
0.00396
0. 00382
0.00339
0.00299
0.,00114
0.00050

€0z
0.12749
0.16745
0.19523
0.29267
D.32161
0.00020
0.00392
0.01187
0. 04703
0.07375
0.09692
0.11301
0.16929
0.18593
0.00008
0.00153
0. 00468
0.01895
0.02997
0.03958
0.04627
0. 06970
0.07662
0.00003
0., 00051
0.00158
0.00650
0.01034%
0.01369
0.01604
0.02423
0.02664%
0.00001
0.00018
0.00056
0.00231
0.00369
0.00489
0.00573
0.00867
0.00953
0.00000
0.00007
0.00022
0.00092
0.00146
0.00194
0.00228
0.00344
0.00379
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Ty K
500

600

T00

800

900

1000

TABLE-27 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.03765
0.15353
0.24956
0.42811
0.49962
0.54517
0.57120
0.63993
0.65571
0.03727
0.15221
0.24771
0.42609
049790
0.54376
0.57002
0.63952
0.65550
0.03624
0.14852
0.24252
042016
0.49264
053927
0.56612
0.63772
0.65430
0.03419
0.14115
0.23198
0.40744
0.48073
0.52853
0.55630
0.63149
0.64917
0.03113
0.12984
0.21534
038535
0.45852
0.50704
0.53556
0.61414
0.63297
0.02760
0.11621
019434
0.35379

P=15 ATM,N/O=

H2
0.00479
0.00415
0.00355
0.00217
0.00150
0.00106
0.00081
C.00021
0.00008
0.02450
0.02126
0.01824
0.01150
0.00828
0.00607
0.00478
0.00132
0.00054
0.07940
0.06894
0.05930
0.03808
0.02799
0.02099
0.01677
0.00488
0.00202
0.18745
0.16284
014024
0,09093
0.06753
0.05117
0.04121
0.01238
0.00516
0.3479%
0.30231
0.26050
0.16956
De.12643
0.09618
0.07769
0.02363
0.00989
0.53039
0.46084
0.39712
0.25853

ca
0.000060
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.,00001
0.00002
0.00004
0. 00009
0.00012
0.00014
0.00015
0.00019
0.00020
0.,00007
0.00032
0.00056
0.00115
0.00145
0.00168
0.00182
0.00225
0.00235
0.00052
0.00225
0.00390
0.00767
0.00955
0.01090
0.01174
0.01422
0.01486
0.00228
0.00983
0.01680
0.03213
0.03948
0.04466
0.04784
0.05718
0.05956
0.00666
0.02841
0.04815
0.09046

2.00

CH4
0.92004
0.69140
0.50606
0.18943
0.09044
0.04479
0.02615
0.00170
0.00027
0.90116
0.67849
0.49969
0.19873
0.10292
0.05539
0.03424
0.00260
0.00043
0.84842
0.63971
0.47325
0.19521
0.10547
0.05928
0.03784
0.00321
0.00055
0.74453
0.56184
0.41669
0.17518
0.09663
0.05547
0.03598
0.00325
0.00056
0.59021
0.44555
0.33082
0.14016
0.07793
0.04510
0.02943
0.00272
0.00048
0.41475
0.31311
0.23251
0.09854

H20
0.03740
0.14831
0. 23211
0.33247
0.31724
0. 27281
0.23248
0. 07639
0.03216
0.03686
0. 14385
0.22096
0.30118
0.28379
0.24566
021176
0.07341
0.03138
0. 03558
0.13681
0.20679
0.27177
0.25370
0. 21996
0. 19061
0. 06841
0.02960
0.03294
0. 12495
0.18629
0.23779
0. 21995
0.19024
0.16498
0.06006
0.02617
0. 02803
0.10495
0. 15455
019237
0.17624
0. 15166
0.13123
0.04770
0. 02080
0.02024
0. 07504
0.10957
0.13402

co2
0.00012
0.00261
0. 00872
0.04782
0.09119
0.13617
0.16935
0.28177
0.31177
0.00021
0.00417
0.01336
0.06241
0.10700
0.14898
0.17906
0.28296
0.31196
0.00029
0.00569
0.01758
0.07362
D.11874
0.15881
0.18684
0.28353
0.31117
0.00037
0.00697
0.02090
0.08099
0.12562
0.16369
0.18979
0.27860
0.30407
0.00041
0.00753
0.02199
0.08042
0.12140
0.15536
0.17825
0.25463
0.27630
0.00035
0.00638
0.01831
0.06465

g1



Ty K

1100

1200

1300

1400

1500

a/H
0.50
0.75
1.00
4.00

10.00
0.01
0,05
0.10
0.30
0.50
0.75
1,00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.020
0.01
0.05
0.10
0.30
0.50
0.75
1.00
44,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00

N2
0.42423
D.4T161
0.49972
0.57826
0.59733
0.02449
0.10362
0.17406
0.31991
0.38530
042962
0.45604
0.53034
0.54847
0.02231
0.09476
0.15974
0.,29571
0.35724
0.39911
0.42412
0.49463
0.51186
0.02100
0.08967
0.15186
0.28358
0.34379
0.38492
0.40955
0.47908
0.49608
0.02027
0.08698
D.14789
0.27822
0.33827
0.37941
040407
0.47376
0.49080
0.01987
0.08554
D.14584
0.27576
0.33591
0.37718
0.40194
0.47191
0.48901

TABLE-27 CONTINUED

H2
0.19280
0.14668
0.11850
0.03604
0.01509
0.68922
0.59869
0.51562
0.33481
0.24916
0.18919
0.15264
0.04619
0.01931
0.80076
0.69526
0.59821
0.328679
0.28691
0.21725
017492
0.05257
0.02193
0.86832
0.75356
0.64773
0.41701
0.30833
0.23282
0.18710
0.05586
0.02326
0.90616
0.78609
0.67512
0.4323211
0.31941
0.24066
0.19312
0.,05737
0.02385
0.92728
0.80417
0.69023
0.44168
0.32514
0.24462
0.159610
0.05806
0.02412

co
0.11027
0.12407
0.13247
0.15689
0.16306
0.01273
0.05428
0.09190
0.17226
0.20963
0.23554
0.25123
0.29651
0.30785
0.01703
0.07292
0.12384
0.23320
0.28412
0.31935
0.34064
0.40172
041690
0.01880
0.08073
0.13743
0.25963
0.31652
0.35580
037947
0.44702
0.46370
0.01932
0.08314
0.14179
0.26854
0.32753
0.36818
0.39264
0.46214%
0.47922
0.01942
0.08375
0.14303
0.27144%
0.33122
0.37237
0.39710
0.46721
0.48439

CH4
0.05480
0.03172
0.02070
0.00192
0.00034
0.26200
019769
0.14664%
0.06183
0.03424
0.01974
0.01285
0.00118
0.00021
0.15470
0.11662
0.08634
0.03610
0.01986
0.01139
0.00738
0.00067
0.00012
0.08971
0.06757
0.04992
0.02069
0.01131
0.00645
0.00417
0.00037
0.00006
0.05330
0.04011
0.02958
0.01218
0.00662
0.00376
0.00242
0.00021
0.00004
0.03298
0.02480
0.01827
0.00748
0.00405
0.00229
0.00147
0.00013
0.09002

H20
0.12183
010429
0.08996
0. 03241
0.01410
0.01137
0. 04210
0.06139
0. 07472
0.06767
0.05773
U. 04968
0.01775
0. 00770
0. 00512
0.01904
0. 02782
0.03387
0.03061
0. 02605
0.02238
0.00793
0.00343
0.00215
0. 00800
0.01171
0.01424
0.01284
0.01090
0. 00934
0.00328
0.00142
0. 00094
0.00351
0. 00514
0.00624
0.00561
0. 00475
0.00407
0.00142
Ue 00061
000044
0. 00166
0.00244
0.00296
0. 00266
0.00225
0.001%92
0.00067
0.00029

coz
0.09607
0.12162
0.12865
0s19448
0.21008
0.00020
0.00362
0.01038
0.03647
0.05400
0.06818
0.07756
0.10804
0.11646
0.00008
0.00140
0. 00404
0.01432
0.02126
0.02685
0.03055
0.04249
0.04576
0.00003
0.00047
0.00136
0.00485
0.00721
0.00911
0.01037
0.01439
0.01548
0.00001
0.00016
0.00048
0.00172
0.00256
0.00324
0.00368
0.00510
0.00548
0.00000
0.00006
0.00019
0.00068
0.00101
0.00128
0.00146
0.00202
0.00217
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Ty K
500

600

700

800

900

1000

TABLE-28 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS
P=15 ATM,N/0= 3.00

a/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
44,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

106.00
0.01
0.05
0.10
0.30

N2
0.05542
0.21386
0.33278
0.52889
0.59960
0.64256
0.66643
0.72721
0.74071
0.05488
0.21209
0.33046
0.52663
0.59775
0.64109
0.66522
0.72680
0.74051
0.05337
0.20714
032394
0.52001
0.59213
0.63643
0.66123
0.72503
0.73934
0.05038
0.19725
0.31073
0.50587
0.57949
0.62534%
0.65126
0.71893
0.7343%
0.04592
0.18209
0.28989
0.48140
0.55602
0.60329
0.63030
0.70201
0.71862
0.04078
0.16385
0.26366
0.44659

H2
0.00474
0.00400
0.00335
0.00197
0.00134
0.00094
0.00071
0.00018
0.00007
0.02427
0.020438
0.,01720
0.01043
0.00739
0.00537
0.00420
0.00114
0.00046
0.07866
0.06642
0.05586
0.03446
0.02493
0.01850
0.01470
0.00422
0.00174
0.1857)
0.15680
0.13195
0.08196
0.05980
0.04479
0.03583
0.01057
0.00439
0e34468
0.29093
0.244T1
0.15203
0.11112
0.08340
0.06683
0.01986
0.00827
0.52540
0.44324%
0.37247
0.23066

ca
0.00000
0.00000
0. 00000
0.00000
0. 00000
0.00000
0.00000
0. 00001
0.00001
0.00001
0. 00002
0.00004
0.00008
0.00010
0.00012
0.00013
0.00016
0.00017
0.00007
0.00031
0.00053
0.00104
0.00130
0.00149
0.00161
0.00196
0.00204
0.00051
0.00218
0.00369
0.00700
0.00858
0.00970
0.01038
0.01238
0.01289
0.00226
0.00952
0.01594
0.02934
0.03547
0.03970
D.04226
0.04962
0.05147
0.00661
0.02748
0.04560
0.08222

CH4
0.90301
0.64199
0.44978
0.15594
0.07231
0.03517
0.02033
0.00128
0.00020
0.88446
0.62991
044393
0.16335
0.08210
0.04337
0.02653
0.00196
0.00032
0.83268
0.59366
0.41994
0.15980
0.08364
0.04607
0.02907
0.00239
0.00041
072068
0.52096
0.36891
0.14231
0.07577
0.04250
0.02720
0.00237
0.00041
0.57919
0.41263
0.29193
0.11268
0.0601%
0.03391
0.02177
0.00192
0.00033
0.40698
0.28964
0.20453
0.07844

H20
0. 03670
0.13773
0.20634
0.27380
0.25377
0, 21431
0.18078
0.05785
0. 02421
0.03618
0. 13362
0. 19649
0.24802
0. 22691
0.19282
0.16448
0. 05550
0.02357
0. 03494
0.12718
0. 18404
0. 22373
0.20255
0.17222
0.14758
0.05142
0. 02210
0.03236
0.,11630
0.16599
0.19549
0. 17498
0.14813
0.12686
0e 04461
0.01928
0.02755
0.09777
0.13773
0. 15750
0.13918
0.11691
0. 09972
0.03480
0. 01502
0.01989
0.06981
Q0. 09732
0.10868

coz2
0.00012
0.00242
0.00776
0.02939
0.07298
0.10703
0.13175
0.21347
0.23480
0.00020
0. 00388
0.01189
0.05149
0.08575
0.11723
0.13943
0.21444
023496
0. 00029
0.00530
0.01569
0.06095
0.09545
0.12528
0.14581
0.21499
0.23438
0.00036
0.00651
0.01874
0.06738
0.10138
0.12653
0.14846
0.21114
0.22870
0. 00040
0.00706
0.01979
0. 06705
0.09802
0.12279
0.13911
0.19179
0.20630
0.00034
0.00597
0.01643
0.05341
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4000

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.51998
0.56714
0.59433
0.66739
0.68451
0.03624
0.14701
0.23841
0.40966
0.47973
0.52515
0.55148
0.62267
0.63944%
0.03305
0.13519
0.22071
0.38387
0.45163
0.49582
0.52152
0.59123
0.60768
0.03115
0.12842
0.21101
0.37118
0.43855
0.48267
0.50839
0.57827
0.59477
0.03009
0.12485
0.20615
0.36564
0.43326
0.47765
0.50355
0.57396
0.59058
0.02951
0.12294
0.20365
D.36311
0.43101
0.47565
0.50169
0.57249
0.58918

TABLE-28 CONTINUED

H2
0.16824
0.12608
0.10093
0.02989
0.01243
0.68271
0.57560
0.48311
0.29773
021643
0.16171
0.12920
0.03800
0.01577
0.79319
0.66824
0.56002
034308
0.24836
0.18494
0.14741
0.04303
0.01782
0.86009
0.72402
0.60582
0.36893
0.26600
019743
0.15703
0.04552
0.01881
0.89756
0.75507
0.63100
0.38243
0.27488
0.20352
0.16162
0.04661
0.01924
0.91847
0.77229
0.64481
0.38952
0.27940
0.20653
0.16383
0.04710
0.01942

ca
0.09848
0.10950C
0.11610
0.13478
0.13939
0.01261
0.05229
0.08645
0.15466
0.18447
0.20449
0.21637
0.24965
0.25775
0.01686
0.06999
0.11574
0.20676
0.24620
0.27251
0.28804
0.33108
0.34144
0.01861
0.07738
0.12810
0.22881
0.27217
0.30093
0.31782
0.36423
0.37530
0.01912
0.07970
0.13212
0.23625
0.28093
0.31045
0.32773
037499
0.38620
0.01923
0.08031
0.13331
0.23873
0.28389
0.31368
0.33110
0.37857
0.38979

CH4
0.04173
002343
0.01502
0.00132
0.00023
0.25708
0.18274
0.12873
0.04889
0.02584
0.01442
0.00921
0.00080
0.00014
0.15179
0.10773
0.07567
0.02840
0.01488
0.00825
0.00524
0.00045
0.00008
0.08802
0.06237
0.04367
0.01620
0. 00842
0.00464
0.00293
0.00025
0.00004
0.05229
0.03701
0.02584
0.00949
0.00490
0.00269
0.00170
0.0001%
0.00002
0.03235
0.02287
0.01555
0.00582
0.00299
0.00164
0.00103
0.00009
0.00001

H20
0.09495
0.07912
0.06715
0.02309
0.00993
0.01116
0. 03900
0.05411
0.05966
0. 05172
0.04284
0. 03622
0.01229
0.00527
e 00502
0.01756
0.02434
0. 02664
0.02296
0.01893
0.015%94
0.00535
0. 00228
0.00211
0. 00737
0.01021
0.01110
0. 00952
0.00781
0.00656
0., 00218
0.00093
0.00092
0.00323
0.00447
0. 00485
0.00414%
0.00339
0.00284
0.00094
0. 00040
0.00044
0.00153
0. 00212
0.00229
0.00196
0.00160
0.00134
0. 00044
0.00019

coz2
0.07662
0. 09474
0.10649
0.14353
0.15351
0.00020
0.00336
0.0091%
0.02939
0.04182
0.05139
0.05753
0.07659
0.08164
0. 00007
0.00129
0.00353
0.01126
0.01596
0. 01955
0.02185
0.02886
0. 03070
0.00002
0.00043
0.00118
0.00377
0.00533
0.00652
0.00727
0. 00955
0.01014
0.30001
0.00015
0.00042
0.00133
0.00188
0.00230
0.00256
0.00336
0.00356
0.00000
0.00006
0.30016
0.00053
0.00075
0.00091
0.00101
0.00132
0.00140
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Ty K
500

600

700

800

900

1000

TABLE-29 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

Q/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
G.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.06854
0.25435
0.38475
0.58465
0.65249
0.69269
0.7T1470
0.76973
0.78177
0.06787
0.25230
0.38218
0.58231
0.65062
0.69122
0.71351
0.76934
0.78157
0.06601
024657
0.37495
0.57546
0.64494
0.68659
0.70957
0.76762
0.78044
0.06235
0.235132
0.36031
0.56086
0.63223
0.67560
0.69977
0.76173
0.77563
0.05686
0.21760
0.33727
0.,53571
0.60872
0.65384
067925
0.74543
0.76051
0.05055
0.19652
0.30830
0.50006

P=15 ATMyN/O= 3.76

H2
0.00471
0.003%90
0.00321
0.00185
0.00125
0.00087
0.00066
0.00016
0.00007
0.02410
0.01995
001651
0.00979
0.00688
0.00498
0.00388
0.00105
0.00043
U.07811
0.06466
0.05360
0.03228
0.02315
0.01709
0.01353
0.00385
0.00158
0.18440
0.15261
0.12649
0.07656
0.05531
0.04116
0.03281
0.00958
0.00397
0.34225
0.28300
0.23427
0.14146
0.10221
0.07613
0.06074
0.01782
0.00740
0.52168
0.43092
0.35608
0.21378

ce
0.00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.0000C
0.00000
0.00002
0.00004
0.00008
0., 00010
0.00011
0.00012
0.00015
0.00016
0.00007
0.00030
0.00051
0.00098
0.00122
0.00139
0.00149
0.00180
0.00187
0.00051
0.00212
0.0035%5
0.00659
0.00802
0.00901
0.00962
0.01138
0.01182
0.00225
0.00930
0.01537
0.02765
0.03313
0.036886
0.03910
0.04548
0.04706
0.00657
0.02683
0.04389
0.07718

CH4
0.89044
0.60884
0.41464
0.13742
0.06272
0.03022
0.01737
0.00198
0.00017
0.87215
0.59730
0.40910
0.14378
0.07110
0.03719
0.02263
0.00165
0.00027
0.82107
0.56273
0.38663
0.14024
0.07212
0.03929
0.02464
0.00200
0.00034
0.72046
0.49347
0.33902
0.12419
0.06482
0.03590
0.02280
0.00194
0.00033
0.57105
0.39045
0.26756
0.09756
0.05093
0.02826
0.01798
0.00155
0.00027
0.40123
0.27377
0.18693
0.06738

H20
0. 03619
0.13063
0.19024
Q. 24135
0.22019
0.18420
0.15457
0.04882
0.02037
0.03568
0.12675
0.18120
0.21861
0. 19681
0.16563
0.14053
0. 04677
0.01981
0. 03446
0.12071
0.16980
0. 19712
D.17548
0.14767
0.12580
0.04317
0. 01849
0.03193
0.11047
0. 15324
0.17202
0.15117
0.12649
0.10760
0. 037186
0.01598
0.02719
0. 05291
0.12713
0. 13809
0.11955
0.09909
0.08385
0.02862
0.01229
0.01963
0.06626
0. 08957
0.09455

co2
0.00012
0.00230
0.00715
0.03474
0.06335
0.09202
0.11269
0.18020
0.19762
0.00020
0.00368
0.01097
0.04545
0.07449
0.10087
0.11934
0.18104
0.19777
0.00028
0.00504
0.01451
0.05391
0.08309
0.10798
0.12497
0.18156
0.19727
0.00035
0.00620
0.01738
0.05978
0.08846
0.11183
0.12740
0.17821
0.19227
0.00039
0.00673
0.01840
0.05953
0.08547
0.10583
0.11908
0.16110
0.17248
0.00034%
0.00569
0.01522
0.04706
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.57278
0.61834%
0.64422
0.71238
0.72806
0.04498
0.17708
0.28052
0.46261
0.53318
0.57779
0.60327
0.67074
0.68633
0.04107
0.16347
0.26116
0.43691
050620
0.55029
0.57555
0.64266
0.65820
0.03873
0.15569
0.25061
De42447
0.49391
0.53828
0.56375
0.63151
0.64720
0.03744
0.15159
0.24533
0.41908
0.48899
0.53376
0.55947
0.62787
0.64370
0.03672
0.14940
024262
0.41663
0.46692
0.53196
0.55783
0.62663
0.64254

TABLE=-29

H2
0.15393
0.11436
0.09108
0.02658
0.01101
0.67786
0.55938
0.46137
0.27513
0.19723
0.14600
0.11600
0.03359
0.01389
0.78753
0.64916
053432
0.31624
0.22560
0.16635
0.13183
0.03786
0.01562
0.85394
0.70312
0.57754
0.33933
0.24096
0.17705
0.13998
0.03991
0.01643
0.89113
0.73308
0.60116
0.35123
0.24856
0.18216
0.14378
0.04079
0.01677
0.91187
0. 74968
0.61408
0.35743
0.25238
0.18465
0.14560
0.04118
0.01692

CONT INUED

ce
0.09150
0.10107
0.10674
0.12259
0.12644
0.01253
0.05C89
0.08280
0.14383
0.16951
0.18646
0.19640
022371
0.23034%
0. 01674
0.06792
0.11030
0.,19053
0.22378
0.24548
0.25812
0.29246
0.30C5¢€
0.01847
0.07502
0.12184
0.,20995
0.24606
0.26944
0.28297
0.31937
0.32789
0.01898
0.07726
0.12562
0.21648
0.25352
0.271738
0.29114
0.32795
0.3365C
0.01%09
0.07787
0.12677
0.21868
0.25606
0.28008
0.29391
0.3307¢&
0«33933

CH4
0.03493
0.01928
0.01223
0.00104
0.00018
0.25344
0.17258
0.11740
0.04175
0.02146
0.01176
0.00742
0.00062
0.00011
014963
0.10167
0.06888
0.02413
0.01228
0.00668
0.00419
0.00035
0.00006
0.08676
0.05882
0.03969
0.01370
0.00691
0.00373
0.00233
0.00019
0.00003
0.05154
0.03488
0.02346
0.00801
0.00401
0.00215
0.,00134
0.00011
0.00002
0.03189
0.02155
0.01446
0.00490
0.00244
0.00131
0.00081
0.00007
0.00001

H20
0.08071
0. 06624
0.05571
0.01867
0.00798
0.01100
0. 03688
0.04949
0.05127
0. 04331
0.03527
0. 02952
0.00974
0.00414
0. 00495
0.01656
0.02213
0. 02263
0.01896
0.01533
0.01278
0.00416
0. 00176
0.00207
0. 00694
0.00926
0.00937
0. 00780
0.00627
0.00521
0. 00168
0.00071
0.00091
0.00304
0.00405
C. 00408
0.003328
0.00271
0.00225
0.00072
0. 00030
0.00043
0.00144
0.00192
0.00193
0.00159
0.00128
0.00106
0.00034
0.00014

caz
0.06615
0.08071
0.09002
0.11873
0.12632
0.00019
0.00318
0.00842
0.02542
0. 03531
0.04272
0.04740
0.06154
0,06520
0. 00007
0.00121
0.00320
0. 00956
0.01319
0.01587
0.01754
0.02252
0.02379
0.00002
0.00041
0.00107
0.00317
0.00436
0.00523
0.00576
0.00734
0.00774
0.00001
0.00014%
0.00028
0.00112
0.00153
0.00184
0.00202
0.00257
0.00270
0.00000
0.00006
0. 00015
0.00044
0.00061
0.00073
0.00080
0. 00101
0.00106
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Ty K
500

600

700

800

900

1000

TABLE-30 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
030
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
005
0.10
0.30

N2
0.08908
0.31192
0.45386
0.65162
0.71388
0.74971
0.76900
0.81626
0.82642
0.08822
0.30950
0.45100
0.64923
0.71203
0.74828
0.76785
0.81589
0.82623
0.08583
0.30275
Ce44297
0.64227
0.70643
0.74378
0.T6406
0.81428
0.82518
0.08112
0.28930
042677
0.62752
0.69395
0.73320
0.75471
0.80876
0.82066
0.07408
0.26871
0.40133
0.60223
0.67104
0.71234
0.73522
0.79353
0.80657
0.06597
0.24398
036945
0.56664%

P=15 ATMy,N/0= 5,00

H2
0.00466
0.00374
0.00303
0.00169
0.00113
0.00078
0.00059
0.00015
0.00006
0.023283
0.01916
0.01554
0.00895
0.00623
0.00448
0.00349
0.00093
0.00038
0.07724
0.06208
0.05043
0.02946
0.02090
0.01533
0.01210
0.00341
0.001490
0.18234
0.14643
0.11884
0.06956
0.04964
0.02665
0.02908
0.00839
0.00346
0.33840
0.27129
0.21959
0.12773
0.09096
0.06712
0.05325
0.01539
0.00636
0.51577
0.41266
0.33293
0.19178

cC
0. 00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0., 00000
0.00000
0.00002
0.00003
0.00007
0.00C09
0.00010
0.00011
0.00013
0.00014
0.00007
0.00029
0.00048
0. 00090
0.00111
0.00125
0.00134
0.00161
0.00167
0.00050
0.00205
0.00336
0.00606
0.00730
0.00816
0.00867
0.01016
0.01053
0.00223
0.00897
0.01456
0.02543
0.03014
0.03330
0.03518
0.04046
0.04175
0.00650
0.02586
0.04147
0.07053

CH4
0.87075
0.56170
0.36792
0.11517
0.05160
0.02459
0.01405
0.00086
C. 00014
0.85285
0.55094
0.36280
0.12030
0.05834
0.03017
0.01824
0.00131
0.00021
0.80287
0.51872
0.34233
0.11679
0.05880
0.03163
0.01969
0.00157
0.00026
0.70444
0.45431
0.29924%
0.10251
0.05220
0.02846
0.01792
0.00149
0.00025
0.55828
0.35879
0.23507
0.07953
0.04033
0.02196
0.01382
0.00115
0.00020
0.39220
0.25105
016342
0.05423

H20
0. 03540
0.12053
0.16884%
0. 20237
0.18123
0.14997
0.12510
0.03894
0. 01620
0.03489
0.11699
0.16086
0.18327
0. 16189
0.13472
0.11360
0. 03724
0.01572
0.03371
0.11149
0.15084
0. 16514
0.14407
0.11976
0.10133
0.03417
0. 01458
0.03125
0.10215
0. 13623
0.14377
0.12355
0.10194
0.08602
0. 02907
0.01244
0.02663
0. 08596
0.11292
0.11470
0.09679
0. 07891
0.06614
0.02198
0. 00938
0.01922
0.06116
0. 07913
0.07752

cn2
0.00012
0.00212
0.00635
0.02914
0.05216
0.07496
0.09125
0.14378
0.15718
0.00020
0.00340
0.00975
0.03818
0.06142
0.08225
0.09672
0. 14449
0.15732
0.00028
0.00466
0.01293
0. 04544
0.06869
0.08825
0.10147
0.14497
0.15691
0.00035
0.00576
0. 01556
0.05059
0.07337
0.09159
0.10360
0.14214%
0.15265
0.00039
0.00627
0.01652
0.05038
0.07074
0.08636
0.09638
0.12749
0.13575
0.00033
0.00528
0.01359
0.03930
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Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.63629
0.67864
0.70228
0.76310
0.77680
0.05882
0.22125
0.33908
0.52987
0.59885
0.64116
0.66488
0.72621
0.74008
0.05379
0.20540
0.31814
0.50537
0.57432
0.61689
0.64082
0.70286
0.71690
0.05079
0.19637
0.30683
049380
0.56352
0.60670
0.63101
0.69407
0.70834
0.04912
0.19161
0.30119
0.48885
0.55926
0.60293
0.62752
0.69127
0.70568
0.04820
0.18908
0.29831
0.48661
0.55748
0.60144
0.62619
0.69033
0.70481

TABLE-30 CONTINUED

H2
0.13584
0.09984
0.07901
0.02265
0.00934
0.67015
0.53519
0.43048
0.24554
0.17289
0.12649
0.09981
0.02836
0.01167
0.77853
0.62062
0.49763
0.28097
0.19665
0.14322
0.11268
0.03172
0.01302
0.84414
0.67176
0.53704
030041
0.20914
0.15171
0.11906
0.03327
0.01363
0.88087
0.70006
0.55842
0.31023
0.21517
0.15566
0.12196
0.03392
0.01388
0.90136
0.71570
0.57004
0.31528
0.21815
0.15755
0.12332
0.03420
0.01398

Cco
0.08256
0.09045
0.09506
0.10776
0.11080
0.01239
0. 04881
0.07758
0.12952
0.15033
0.16374
0.17149
0.19242
0.19734
0.01654
0.06484
0.10255
0.16922
0.19524
0.21175
0.22120
0.24627
0.25207
0.01824
0.07149
0.11292
0.18526
0.21301
0.22043
0.24032
0.26625
0.27218
0.01875
0.07362
0.11634
0.19063
0.21889
0.23653
0.24649
0.272417
027837
0.01886
0.07422
0.11742
0.19246
0.22090
0.23860
0.24858
0.27451
0.28037

CH4
0.02720
0.01469
0.00920
0.00076
0.00013
0.247T70
0.15798
0.10221
0.03325
0.01649
0.00883
0.00549
0.0004%4
0.00008
0.14623
0.09293
0.05974
0.01905
0.00933
0.00495
0.00306
0.00024
0.00004
0.08478
0.05369
0.03432
0.01074
0.00520
0.00274
0.00169
0.00013
0.00002
0.05036
0.03181
0.02024
0.00625
0.00301
0.00157
0.00097
0.00007
0.00001
0.03116
0.01965
0.01246
0.00381
0.00183
0.00095
0.00058
0.00004
0.00001

H20
0.06427
0.05175
0.04304
0.01399
0.00593
0.01076
0. 03384
0.04326
0.04120
0. 03367
0.02683
0.02218
0.00707
0.00298
0. 00483
0.01511
0.01916
0.01785
0.01442
0. 01139
0.00936
0.00293
0. 00123
0.00203
0.00632
0.00798
0.00732
0. 00586
0.00460
0.00376
0.00117
0.00049
0. 00089
0.00277
0.00349
0.00317
0.00253
0. 00198
0.00161
0.00050
J. 00021
0.00042
0.00131
0.00165
0.00150
0. 00119
0.00093
0.00076
0.00023
0.00010

coz2
0.05385
0.06463
0.07140
0.09175
0.09699
0.00019
0.00293
0.00740
0.02061
0.02777
0.03295
0.03614
0.04550
0.04786
0. 00007
0.00111
0.00277
0.00754
0.01004
0.01181
0.01288
0.01597
0.01673
0.00002
0.00037
0.00092
0.00247
0.00327
0.00382
0.00416
0.00510
0.00533
0.00001
0.00013
0.00032
0.00087
0.00114
0.00134%
0.00145
0.00177
0.00185
0.00000
0.00005
0.00013
0.00034
0. 00045
0.00053
0.00057
0.00070
0.00073
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Ty K
500

600

700

800

900

1000

TABLE-31 EQUILIBRIUM GAS—-PHASE MOLE FRACTICNS

0O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
D.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30

N2
0.16357
0.47541
0.62422
0.78895
0.83297
0.85689
0.86937
0.89883
0.90496
0.16206
D.47221
0.62097
0.78671
0.83133
0.85567
0.86840
0.89852
0.90480
0.15786
0.46325
0.61187
0.78026
0.82644
0.85186
0.8€6525
0.89723
0.90396
0.14958
0.44548
0.59367
0.76682
0.81577
0.84312
0.85766
0.89286
$.90038
0.13720
0.41845
0.56545
0.74430
0.79661
0.82624%
0.84212
0.88098
0.88936
0.12296
0.38627
0.53070
0.71352

P=15 ATMyN/0=10.00

H2
000446
0.00327
0.00251
0.00132
0.00087
0.00059
0.00044
0.00011
0.00004
0.02283
0.01671
0.01287
0.00694
0.00474
0.00337
0.00260
0.00069
0.00028
0.07399
0.05408
0.04162
0.02264
001570
0.011386
0.00890
0.00246
0.00101
0.17464%
0.12718
0.09744
0.05261
0.03651
0.02650
0.02082
0.00585
0.00240
0.32399
0.23456
0.17827
0.09446
0.06503
0.04697
0.,03680
0.01028
0.00421
049358
0.35489
026726
0.13849

ca
0. 000040
0.00000
0.00000
000000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00002
0.00003
0.00005
0.00007
0.00008
0.00008
0.00010
0.00010

0.00007

0.00025
0. 00040
0.00071
0.00085
0.00C95
0.00102
0.00119
0.00124
0.00048
0.00181
0.00283
0.00478
0. 00563
0.00621
0.00656
0.00753
0.00776
0.00215
0.00795
0.01228
0.01999
0.02211
0. 02514
0.02632
0.02954
0.03030
0.00626
0.02277
0.03450
0.05393

CH4
079936
0.42785
0.25280
0.06960
0.03003
0.01402
0.00792
0.00047
0.00007
0.78287
0.41924
0.24870
0.07225
0.03368
0.01703
0.01017
0.00071
0.00012
0.73682
0.39361
0.23315
0.06898
0.03318
0.01738
0.01066
0.00082
0.00014
0.64619
0.34273
0.20116
0.05864
0.02825
0.01488
0.00919
0.00073
0.00012
0.51173
0.26823
0.15494
004350
0.02062
0.01076
0.00660
0.00051
0.00009
035917
0.18568
0.10530
0.02827

H20
0. 03250
0.09185
0.11610
0.12247
0.10566
0. 08563
0.07065
0.02141
J. 00886
0.03205
0.08923
0.11069
0.11081
0. 09418
0.07667
0. 06389
0.02035
0.00854
0. 03100
0.08522
0.10394
0. 05950
0.08322
0. 06747
0.05630
0.01833
0. 00776
0.02879
0. 07831
0.09391
0.08572
0. 07014
0.05614
0.04656
0. 01502
0.00636
0. 02457
0.06588
0.07731
0. 06665
0.05305
0.04169
0. 03420
0.01072
0.00451
0.01771
0.04630
0. 05284
0.04280

co2
0.00011
0.00162
0.00437
0.01766
0.03046
0.04287
0.05161
0.07917
0. 08607
0.00018
0. 00260
0.00674
0.02324
0.03601
0.04720
0.05485
0.07963
0.08616
0.00025
0.00359
0.00902
0.02793
0.04061
0.05098
0.05787
0.07996
0. 08590
0.00032
0.00449
0.01100
0.03144
0. 04369
0.05313
0.05921
0. 07801
0.08298
0.00036
0.00493
0.01175
0.03111
0.04158
0.04921
0.05395
0.06797
0.07153
0.00031
0.00409
0. 00940
0.02298
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.76850
0.79992
0.81684
0.85843
0.86742
G.11042
0.35713
0.49862
0.68387
0.74076
0.77347
0.79112
0.83458
0.84399
0,10162
0.33723
0.,47751
D.66614
0.72492
0.75882
0.77713
0.82221
083196
0.09637
0.32608
0.468652
0.65844
0.71864
0.75336
0D.77211
0.81820
0.82815
0.09347
0.32028
0.46116
0.65527
0.71629
0.75145
0.77042
0.81700
0.82704
0.09186
0.3171¢9
0.45844
0.65386
0.71532
0.75071
0.76979
0.81661
0.82668

TABLE-31 CCONTINUED

H2
0.09434%4
0.06763
0.05276
0.01455
0.00594
0.64103
0.45795
0.34196
0.17359
0.11709
0.08338
0.06478
0.01765
0.00719
O. 74442
0.52868
0.39167
0.19508
0.13042
0.09231
0.07146
0.01928
0.00784
0.80691
0.57027
0.41976
0.20597
0.13678
0.09639
0.07443
0.01994
0.00809
0.84185
059294
D.43455
0.21118
0.13967
0.09816
0.07568
0.02020
0.00819
0.86132
0.60535
V44244
0.21377
0.14104
0.09898
0.07624
0.02030
0.00823

ca
0.06127
D.06588
0.06850
0.07545
0.07705
0.01187
0.04210
0.06246
0.09395
0.10508
0.11186
0.11565
012540
0.12759
0.01578
0.05495
6.08030
0.11737
0.12976
0.13711
D.14115
0.15129
0.15353
0.01739
0.06018
0.08738
0.12599
0.13848
0.14576
0.14973
0.15956
0.16169
0.01787
0.06190
0.08975
0.12880
0.14125
0. 14846
0.15236
0.16197
0.16405
0.01798
0.06243
0.09055
0.12978
0.14219
0.14936
0.15324
0.16275
0.16480

CH4
0.01312
0.00674
0.00410
0.00031
0.00005
0.22664%
0.11567
0.06450
0.01662
0.00756
0.00383
0.00231
0.00017
0.00003
0.13370
0.06743
0.03701
0.00918
0.00410
0.00206
0.00123
0.00009
0.00001
0.07747
0.03869
0.02097
0.00505
0.00223
0.00111
0.00066
0.00005
0.00001
0.04600
0.02282
0.01226
0.00289
0.00127
0.00063
0.00037
0.00003
000000
0.02845
0.01405
0.00751
0.00175
0.30076
0.00028
0.00022
0.00002
0.00000

H20
0.03312
0. 02553
0.02071
0.00629
0. 00263
0.00986
0. 02498
0.02767
0.02113
0. 01594
0.01208
0.00971
0.00287
0.00119
0. 00441
0.01091
0.01181
0. 00860
0.00636
0. 00475
0.00379
0.00110
0. 00045
0.00185
0. 00451
0.00482
0.00341
0. 00249
0.00185
0.00147
0. 00042
0.00017
0. 00081
0.00187
0.00209
0. 00146
0.00106
0.00078
0.00062
J.00018
0. 00007
0.00038
0.00093
0. 00099
0.00068
0. 00049
0.00036
0.00029
0. 00008
0.00003

co2
0.02966
0.03429
0.03708
0.04497
0.04690
0.00017
0.00218
0.00479
0.01085
0.01357
0.01538
0.01644
0.01932
0.02001
0.00007
0.00079
0.00170
0.00363
0.00443
0. 00495
0.00525
0.00603
0.00621
0.00002
0.00026
0.00055
0.00114
0.00138
0.00153
0.00161
0.00183
0.00188
0. 00001
0.00009
0.00019
0.00040
0.00048
0.00053
0.00055
0.00063
0.00064
0.00000
0.00004
0.00008
0.00016
0.00019
0.00021
0.00022
0. 00024
0.00025
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Ts K
500

600

700

800

900

1000

TABLE-32 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0«05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.28111
064429
D.T76847
0.88192
0.90880
0.92288
0.93008
0.94671
0.95010
D.27871
0.64073
0.76535
0.88006
0.90749
0.92192
0.,92933
0.94648
0.949%9
0.27203
0.63080
0.75666
0.87480
0.90366
0.91901
092695
0.94552
0.94936
0.25885
0.61127
0.73958
0.86416
0.89560
0.91255
0.92139
0.94232
0.94671
0.23921
0.58203
0.71378
0.84697
0.88157
0.90041
0.91029
0.93380
0.93875
0.21668
0.54800
0.68218
0.82470

P=15 ATM,N/0=20.00

H2
0.00414
0.00269
0.00197
0.00098
0.00064
0.00043
0.00032
0.00008
0.00003
0.02116
0.01373
0.01007
0.00515
0.00247
0.00245
0.00188
0.00049
0.00020
0.,06855
0.04431
0.03236
0.01659
0.01131
0.00810
0.00631
C.00172
0.00070
0.16168
0.10355
0.07483
0.03760
0.02548
0.01822
0.01420
0.00390
0.00159
0.29960
0.18903
013435
G.06518
0.04354
0.03086
0.02392
0.00649
0.00264
0.45573
0.28241
0.19697
0.09209

cC
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.0000¢C
0.00000
0.00001
0.00002
0.00004
0.00005
0.00006
0. 00006
0.00007
0.00008
0.00006
0.00021
0.00032
0.00053
0.00063
0.00070C
0.00075
0.00087
0., 00090
0.00045
0.00151
0.00226
0.00363
0.00421
0.00459
0.00482
0.00544
0.0055¢9
0.00201
0.00668
0.00981
0.01502
0.0L700
0.01825
0.01897
0.02085
0.02129
0.00585
0.01880
0. 02677
0.03858

CH4
0.68674
0.28968
0.15540
0.03879
0.01633
0.00752
0.00422
0.00025
0. 00004
0.67241
0.28323
J.15222
0.03987
C. 01807
0.00900
0.00533
0.00037
0.00006
0.63244
0.26428
0.14097
0.03706
0.01721
0.00882
0.00535
0.00040
0.00007
0.55386
0.22719
0.11866
0.02995
0.01376
0.00704
0.00427
0.00032
0.00005
0.43759
0.17421
0.08799
0.02071
0.00924
0.00464
0.00279
0.00021
0.00003
0.30620
0.11758
0.05720
0.01250

H20
0. 02792
0.06224
0.07146
0. 06842
0.05759
0. 04605
0.03774
0.01126
0. 00464
0.02756
0.06052
0. 06816
0.06178
0. 05113
0.04102
0.03391
0. 01060
0.00443
0.02670
0.05793
0.06403
0. 05508
0.04465
0. 03553
0.02934
0.00930
0. 00391
0.02487
0.05333
0. 05765
0.04652
0. 03657
0.02854
0.02333
0. 00724
0.00303
0. 02128
0.04458
D.04656
Os 03456
0.02613
0.01989
0. 01602
0.00478
0. 00198
0.01528
0.03042
0. 03022
0.02036

coz
0.00009
0.00110
0.00269
0. 00989
0.01665
0.02312
0.02764
0.04171
0. 04518
0.00015
0.00177
0.00417
0.01309
0.01978
0.02556
0.02948
0.04199
0.04525
0.00022
0.00247
0.00566
0.01593
0.02254
0.02784
0.03130
0.04219
0.04506
0.00028
0.00314
0.00703
0.01813
0.02439
0.02906
0.03199
0. 04078
0.04302
0.00032
0.00347
0.00750
0.01756
0.02251
0.02595
0.02802
0.03387
0.03530
0.00027
0.00279
0. 00566
0.01176
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
Q.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
Q.75
1.00
4400

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
400

10.00

N2
0.86216
0.88263
0.89337
0.91895
0.92433
0.19661
0.51829
0.65674
0.80573
0.84562
0.86745
0.87890
0.90614
0.91185
0.18313
0.49893
0.64081
0.79609
0.83784
0.86065
0.87260
0.90096
0.90690
0.17493
0.48849
0.63304
0.79234
0.83511
0.85843
0.B87063
0.89951
0.90555
0.17042
0.48317
0.62938
0.794087
D.83414
0.85769
0.87000
0.89910
0.920517
0.16792
0.48038
0.62756
0.79023
0.83375
0.85741
0.86977
0.89897
0.90506

TABLE-32 CONTINUED

H2
0.06058
0,04252
0.03277
0.00875
0.00355
059094
0.35984
0.24662
0.11158
0.07246
0.05044
0.03870
c.01021
0.00413
0.68531
0.41091
0.27739
0.12212
0.07850
0.05430
0.04151
0.01086
0.00438
0.74207
0.43980
0+29366
0.12694%
0.08108
0.05587
0.04262
0.01109
0.00447
0.7T7370
0.45513
0.30186
0.12911
0.08217
0.05651
0.04306
0.01117
0.00450
0.79127
0.46337
030612
0.13015
0.08268
0.05679
0.04325
0.01120
0.00451

co
0.04266
0.04511
0.04648
0. 04996
0.05073
0.01098
0.03347
0.04585
0.06211
0.06717
0.07009
0.07167
0.07558
0.07642
0.01448
0.04240
0.05651
0.07341
0.07825
0.08096
0.08240
0.08586
0. 08660
0.01590
0.04589
0.06044
0.07709
0.08168
0.08420
0.08553
0.08869
0.08935
0.01635
0.04706
0.06176
0.07825
0.08272
0.08516
0.08644
0.08%47
0.09011
0.01647
0.04745
0.06221
0.07866
0.08308
0.08549
0.08675
0.08972
0.09034

CH4
0.00541
0.00267
0.00158
0.00011
0.00002
0.19261
0.07142
0.03355
0.00687
0.00290
0.00140
0.00083
0.00006
0.00001
0.11331
0.04074
0.01856
0.00360
0.00149
0.00071
0.00042
0.00003
0.00000
0.06552
0.02301
0.01026
0.00192
0.00078
0.00037
0.00022
0.00001
0.00000
0.03885
0.01344
0.00591
0.00108
0.00044
0.00021
0.00012
0.00001
0.00000
0.02401
0.00823
0.00359
0.00065
0.00026
0.00012
0.00007
0.00000
0.00000

H20
0.01481
0. 01 099
0.00873
0.00251
0. 00103
0.00841
0. 01560
0.01465
0.00898
0. 00631
0.00458
0.00359
0.00100
0.00041
0. 00373
0.00654
0.00589
0. 00337
0.00231
0. 00165
0.00128
0.006G35
0. 00014
0.00155
0. 00265
0.00233
0.00129
0. 00087
0.00062
0.00048
0. 00013
0.00005
0. 00068
0.00115
0.00100
0. 00054
0.00036
0.00026
0.00020
0.00005
0. 00002
0.00032
0.00054
0.00047
0.00025
Q. 00017
0.00012
0.00009
0. 00002
0.00001

coz
0.01438
0.01608
0.01707
0.01972
0.02033
0.00015
0.00138
0.00258
0.00474
0. 00554
0.00604
0.00631
0.00702
0.00718
0. 00006
0.00047
0.00084
0. 00142
0.00161
0.00173
0.00179
0.00194
0. 30197
0.00002
0.00015
0.00026
0.00043
0. 00048
0.00051
0.00053
0.00057
0.00057
0.00001
0.00005
0.00009
0.00015
0.00016
0.00017
0.00018
0.00019
0.00019
0.00000
0.00002
0. 00004
0.00006
0. 00006
0.00007
0.00007
0.00007
0.00008
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Ty K
500

600

700

800

900

1009

TABLE-33 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

a/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

0.01
U.05
010
0.30
0.50
0.75
1.00
4000

10.00

0.01
0.05
0.10
0.30
050
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
050
0.75
1.00
4.00

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

0.01
0.05
0.10
0.30

e 8 s Z
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P=25 ATM,N,0= Da0

H2
0.00378
0.00350
0.00318
0.00223
0.00165
0.00122
0.00096
0.00027
0.00011
0.01940
0.01796
0.01637
0.01185
0.00913
0.00703
0.00569
0.00171
0.00071
0.,06331
0.05865
0.05363
0.03965
0.03127
0.02466
0.02033
0.00650
0.00275
0.15168
U.14066
0.12895
0.09676
0.07744
0.06198
0.05167
0.01725
0.00740
0.28887
0.26811
0.24631
D.18684
0.15100
0.12200
0.10242
0.03518
0.01523
0.45702
042442
0.29040
0.29795

ccC
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00001
0.00001
0.00001
0.00000
0.00002
0.00004
0.00009
0. 00013
0.00016
0.00018
0.00024
0.00026
0. 00006
0.00027
0.00050
0.00117
0.00158
0.00192
0.00215
0.00290
0.00311
0.00041
0.00188
0.00345
0.00776
0.01034
0.01240
0.01378
0.01836
0.01967
0.00181
0.00828
0.01496
0.03263
0.04293
0.05111
0.05654
0.07475
0.08002
0.00547
0.02471
0.04426
0.09496

CH4
0.95720
J.81808
0.67T564
0.33218
0.18133
0.09880
0.06119
0.00473
0.00079
0.94198
0.80678
0.67078
0.35124
0.20836
0.12356
0.08109
000736
0.00128
0.89902
0.77157
0.64526
0.35261
0.21930
0.13641
D.09272
0.00949
0.00170
0.81246
0.69864
0.587T16
0.33061
0.21179
0.13567
0.09428
0.01051
0.00193
0.67804
0.58409
0.49294
0.28364
0.18526
0.12093
0.08523
0.01005
0.00188
0.51323
044263
0.37451
0t.21813

H20
0. 03888
0.17534
0.30956
0. 58202
0.63487
0.60070
0.54300
0.21247
0. 09354
0.03840
0.17033
0.29507
0.52821
0. 56953
0.54299
0.49683
0. 20557
0.09193
0.03731
0.16282
0.27740
0. 47963
0.51370
0.49188
Oe 45340
0.19570
0.08881
0.03507
0.15067
0. 25308
0.42670
0.45508
0.43691
0.40461
0. 18001
0.08269
0.03085
Ue 13062
0.21677
0.35872
0.38151
0.36690
0« 34079
0.15473
0. 07171
0. 02389
0.10019
0. 16504
0.27023

coz
0.00013
0.00308
0.01162
U. 0B357
0.18215
0.29928
0.39484
0.78253
0. 90555
0.00021
0.00492
0.01775
0.10861
0.21286
0.32627
0.41620
0. 78511
0.90582
0.00030
0.00669
0.02321
0. 12695
0.23414
0.34512
0.43140
0.78541
0. 90363
0.00038
0.00815
0. 02737
0.13818
0.24534%
0.35303
0.43566
0.77388
0.88831
0.00043
0, 00890
0.02903
0.13818
0.23929
0.33906
0.41501
0.72530
D.83116
0.00039
0.00804
0. 02580
0.11874



Ty K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4«00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00

0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00
10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00
10.00
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TABLE=-33 CONTINUED

H2
0.26204
0. 19651
0.16559
0.05773
0.02513
0.62003
057574
0.52949
0.40390
0.32809
0.26641
0.22453
0.07839
0.03414
U 74984
069591
0.63927
0.48510
0.39240
0.31743
0.26680
0.09218
0.04000
0.83828
O.77772
0.71382
0.53933
0.43459
0.35024
0.29354
0.10025
0.04334%
0.89251
0.82789
0.75956
0.57254%4
0.46031
0.37012
0.30965
0.10496
0.04525
0.92466
0.85763
0.78664
0.59212
0.47538
0.38168
0431896
0.10758
0.04630

Co
0.12413
0.14717
0.16247
0.21386
0.22884
0.01125
0.05092
0.09131
0.19619
0.25650
0.30407
0.33565
Q.44167
0.47257
0.01631
0.07448
0.13460
0.29341
0.38568
0.45863
0.50707
0.66924%
0.71627
0.01886
0.08666
0.15751
De34742
0.45895
0.54T44
0.60625
0.80278
0.85949
0.01%872
0.090990
0.16566
0.36779
0.48727
0.58230
064552
D.85663
0.91735
0.01992
0.0919¢%
0.16794
0.37420
049667
059424
0.65919
0. 87598
0.93822

CH4
0.14395
0.09489
0.06738
0.00819
0.00155
0.35340
0.30472
0.25772
0.14997
0.09895
0.06524
0.04634%
0.00565
000107
0.22609
0.19474
0.16433
0.09462
0.06192
0.04052
0.028¢€2
0.00342
0. 00064
0.13935
0.11995
0.,10105
0.05768
0.03745
0.02433
0.01709
0.00199
0.00037
0.08617
0.07415
0.06241
0.03546
0.02292
0.01482
0.01037
0.00119
0.00022
0.05465
0.04701
0.03955
0.02241
0.01445
0.00931
0.00650
0.00074
0.00014%

H20
0.28697
0.27623
0.25697
0.11793
0. 05492
0.01507
0. 06331
010440
0.17111
0.18171
0617492
0.16273
0. 07476
0.03483
0. 00765
0.03244
0.05385
0. 08908
0.09472
0.09111
0.08467
0.03861
0. 01793
0.00347
0.01478
0. 02465
0.04108
0.04373
0.04203
0.03901
0. 01764
0.00817
0. 00157
0.00673
0.01126
0. 01883
0.02006
0.01927
0.01788
0.00804
0.00371
0.00076
0.00324
0. 00543
0.00911
0. 00971
0. 00933
0.00864
0.00387
0.00179

c02
0.20291
0.28520
0.34759
0.60228
0.68957
0.00026
0.00531
0.01708
0.07883
0.13475
0.18937
0.23075
0+39954
0.45739
0.00012
0.00243
0.00795
0.03778
0.06528
0.09231
0.11284
0.19656
0.22515
0.00004
0.00090
0.00298
0.01448
0. 02527
0.03596
0.04410
0.07733
0.08864
0.00002
0.00033
0.00109
0.00538
0.0094%4
0.01349
0. 01657
0.02919
0.03347
0.00001
0.00013
0.00043
0.00216
Q.00380
0.00544
0.00670
0.01182
0.01356

104



Ty K
500

600

700

800

900

1000

TABLE-34 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
050
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.01919
0.08319
0014265
0.27247
0.33311
0.37482
0.39985
0.47054%
0.48778
0.01905
0.08262
0.14177
0.27134
0.33208
0.37394
0.39909
0.47025
0.48764
0.01863
0.08098
0.13928
0.26799
0.32888
0.37108
0.39654
0.46899
0.4867%
0.01778
0.07765
0.13411
0.26063
0.32147
0.36407
0.38996
0.46455
0.48311
0.01646
0.07231
0.12560
0.24736
0.30719
0.34964
0.37569
0.45199
0.47131
0.01483
0.06542
0.11416
0.22731

P=25 ATM,N/0O=

H2
0.00375
0.00335
0.00294
0.00190
0.00134
0.00096
0.00074
0.00019
0.00008
0.01921
0.01719
0.01516
0.01010
0.00744
0.00555
0.00440
0.00124
0.00051
0.06270
0.05614
0.04963
0.03373
002543
0.01939
0.01565
0.00469
0.00195
0.15021
013462
0.11924
0.08208
0.06268
0.04841
0.03945
0.01226
0.00516
0.28607
0.25654%
0.22758
0.15792
0.12146
0.09447
0.07737
0.02454
0.01039
0.45259
0.40604
0.36055
0.25121

caC
0., 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00001
0.00000
0.00002
0.00003
0.00008
0.00010
0.00012
0.00014
0. 00018
0.00019
0.00006
0.00026
0.00046
0. 00100
0.00130
0.00152
0.00167
0.00211
0.00223
0.00040
0.00181
0.00321
0.00666
0.00850
0.00987
0.01073
0.01339
0.01409
0.00180
0.00796
0.01395
0.02812
0.03542
0.04078
0.04416
0.05449
0.05723
0.00543
0.02377
0.04128
0.08184%

1.00C

CH4
0.93880
0.74989
0.57908
024150
0.12082
0.06171
0.03669
0.00250
0.00041
0.92386
0.73947
0.57476
0.25505
0.13855
0.07696
0.04846
0.00388
0.00065
0.88172
0.70705
0.55251
0.25522
0.14505
0.08435
0.05493
0.00493
0.00085
0.79681
0.63995
0.50210
0.23792
0.13873
0.08277
0.05496
0.00531
0.00094
0.66496
0.53475
0.42085
0.20264
0.11987
0.07251
0.04864
0.00489
0.00088
0.50332
0.40512
0.31942
0.15506

H20
0. 03814
0. 16074
0.26536
0. 42332
0.42323
0.37538
032573
0.11244
0.04789
0.03767
0.15619
0. 25305
0.38428
0.37962
0.33912
0.29776
0.10857
0.04695
0.03661
0. 14942
0.23815
0.34913
0.34223
0.30668
0. 27102
0.10271
0.04503
C. 03442
0.13846
0. 21766
0.31082
0.30280
0. 27147
0.24060
0.09326
0.04128
0.03029
0. 12020
0.18677
0.26132
0. 25318
0.22671
0.20104
0.07868
0.03499
0. 02345
0.09219
0.14215
0.19637

co2
0.00013
0.00282
0.00996
0. 06081
0.12149
0.18713
0.23698
0.41432
0.46384
0.00021
0.00451
0.01523
0.07916
0.14222
0.20432
0.25014
0.41588
0.46406
0.00030
0.00614
0.01997
0.09293
0.15712
0.21697
0.26019
0.41658
0.46316
0.00037
0.00752
0.02367
0.10188
0.16582
0. 22340
0.26430
0.41123
0.45543
0.00042
0.00823
0.02525
0.10264%
0.16288
0.21590
0.25310
0.38541
0.42520
0.00039
0.00744
0.02244
0.08820
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Ty K

1100

1200

1300

1400

1500

a/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0,30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
D75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10,00

N2
0.28397
0.32466
034985
0.42472
0.44397
0.01322
0.05835
0.10186
0.20337
0.25455
0.29151
0e31449
0.38329
0.40112
0.01194
0.05262
0.09178
0.18292
0.22883
0.26196
0.28256
0.34424
0.36022
0.01107
0.04888
0.08537
0.17065
0.21375
0.24489
0.26426
0.32224
0.33724%
0.01054
0.04671
0.08183
N.16461
0.20675
0.23731
0.25635
0.31340
0.32816
0.01024
0.04548
0.07990
0.16168
0.20360
0.23408
0.25309
0.31013
0.32488

TABLE-34

H2
0.19381
0.15117
0.12406
0.0396%
0.01683
0.61402
0.55088
0.48917
0.34082
0.26292
0.20503
0.16824
0.05371
0.02279
0.74258
0.66601
0.59099
0.41049
0.31589
0.24578
0.20134
0.06387
0.02704
0.83017
0.74432
0.66001
0.45685
0.35055
0.27201
022240
0.07001
0.02957
0.88387
0.79227
0.70210
0.48455
0.37086
0.28710
0.23433
0.07329
0.03089
0.91570
0.82062
0.72688
0.50046
0.38229
0.29540
0.24079
0.07494
0.03154

CONT INUED

co
0.10238
0.11733
0.12671
0.15532
0.16290
0.01115
0.04883
0.08476
0.16783
0.20977
0.24024
0.25932
0.31732
0.33263
0.01614
0.07114
0.12412
0.24809
0.31116
0.35708
0.38584
0.47311
0.49606
0.01866
0.08263
Oe 14477
0.29168
0.36697
0.42190
0.45630
0. 56048
0.58776
0.01952
0.08668
0.15226
0.30830
0.38861
0.44723
0.48393
0.59476
0.62366
0.01972
0.08777
0. 15446
0.31387
0.39613
045620
0.49377
0.60702
0.63645

CH4
0.09230
0.05615
0.03782
0.00386
0.00070
0.34658
0.27897
0.21996
0.10678
0.06355
0.03864
0.02602
0.00265
0.00048
0.22173
0.17836
0.14044
0.06776
0.04012
0.02429
0.01630
0.00164%4

-0.00029

0.13667
0.10987
0.08639
0.04139
0.02437
0.01467
0.00981
0.00097
0.00017
0.08451
0.06790
0.05333
0.02540
0.01488
0.00892
0.005%4%
0.00058
0.00010
0.05360
0.04305
0.03377
0.01601
0.00934
0.00558
0.00371
0.00036
0.00006

H20
0.18952
0.16941
0. 15014
0.05881
0. 02618
0.01478
0.05809
0. 08953
0.12351
0.11909
0.10636
0.09421
0. 03680
0.01637
0.00750
0. 02965
0.04591
0. 06374
0.06152
0.05493
0. 04862
0.01891
0.00839
0.00340
0.01348
0. 02095
0.02921
0.02820
0.02516
0.02225
0.00860
0.00381
0.00154
0. 00614
0.00956
0.01336
0.01289
0.01148
0.01014
0.00390
0.00172
0. 00074
0.00296
0.00462
0.00646
0.00623
0. 00554
0.00489
0.00187
0.00083

coz
0.13802
0.18129
0.21142
0.31765
0.34943
0.00025
0.00488
0.01472
0.05769
0.09012
0.11821
0.13773
0.20623
0.22662
0.00011
0.00222
0.00676
0.02701
0.04249
0.05596
0.06533
0.09823
0.10799
0. 00004
0.00082
0.00251
0.01021
0.01616
0.02136
0.02498
0. 03769
0.04145
6.00002
0. 00030
0.00092
0.00378
0.00601
0.00796
0.00931
0.01407
0.01547
0.00001
0.00012
0.00037
0.00152
0.00242
0.00321
0.00376
0.00568
0.00624
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Ty K
500

600

700

800

900

1000

TABLE-35 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
D.01
0.05
0.10
0.30
0«50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.03767
0.15360
0.24966
0.42821
0.49971
0.54523
0.57125
0.63995
0.65572
0.03738
0.15257
0.24822
0.42664
049837
0.54414
0.57033
0.63963
0.65555
0.03656
0.14968
0.24415
0.42199
0.49423
0.54061
0.56727
0.63822
0.65462
0.03492
0.14377
0.23570
0.41179
0.48469
0.53201
0.55942
0.63329
0.65059
0.03236
0.13431
0.22182
0.39348
0.46638
0.51438
0.54246
0.61938
0.63771
0.02918
0.12211
0.20314
0.36588

P=25 ATM,N/0= 2.00

H2
0.00371
0.00322
0.00275
0.00168
0.00116
0.00082
0.00063
0.00016
0.00006
0.01903
0.01652
0.01417
0.00894
0.00644
0.00472
0.00371
0.00102
0.00042
0.06210
0.05393
0.046490
0.02983
0.02194
0.01646
0.01315
0.00384%4
0.00158
0.14879
0.12928
0.11138
0.07236
0.05383
0.04084
0.03292
0.00992
0.00414
0.28335
0.24626
0.21235
0.13864
0.10363
0.07901
0.06393
0.01956
0.00820
0.44827
0.38964
0.33606
0.21967

Co
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00002
0.00003
0.00007
0.00009
0.00011
0.00012
0.00015
0.00015
0.00006
0.00025
0.00043
0.00089
0.00113
0.00130
0.00141
0.00174
0.00182
0.00040
0.00174
0.00302
0.00594
0.00740
0.00845
0.00910
0.0110¢
0.01155
0.00178
0.00768
0.01312
0.02510
0.03086
0.03494
0.03745
0.04488
0.04679
0.00538
0.02293
0.03882
0.07291

CH4
0.92108
0.69219
0.50666
0.18969
0.09057
0.04485
0.02619
0.00170
0.00027
0.90642
0.68250
0.50272
0.20008
0.10366
0.05580
003450
0.00262
0.00043
0.86506
0.65240
0.48285
019957
0.10798
0.06076
0.03881
0.00330
0.00056
0.78174
0.59016
0.43810
0.18492
0.10231
0.05889
0.03827
0.00348
0.00061
0.65235
0649277
0.36638
0.15618
0.,08726
0.05072
0.03321
0.00311
0.00055
0.49376
0.37306
0.27751
0.11857

H20
0.03742
0. 14838
0.23221
0.33262
031740
0.27296
0. 23262
0.07644

-0.03218

0.03696
014422
0. 22150
0.30196
0.28461
0. 24643
0.21245
0. 07368
0.03149
0.03593
0.13806
0.20863
0.27434
0.25632
0.22243
0. 19286
0.06934
0.03002
0. 03379
0.12808
0.19093
0.24413
0.22624
0. 19605
0.17025
0.06229
0.02718
0.02975
0.11131
D.16398
0.20480
0. 18822
0.16246
0.14C89
0.05165
0.02259
0.02303
0.08533
0.12462
0.15297

co2
0.00012
0.00261
0.00872
0.04779
0.09115
0.13613
0.16931
0.28175
0.31177
0.00021
0.00417
0.01334
0.06231
0.10684
0.14880
0.17888
0.28290
0.31195
0.00029
0. 00569
0.01754
0.07338
0.11839
0.15844
0.18650
0.28357
0.31139
0.00037
0.00697
0.02088
0.08087
0.12553
0.16376
0.19004
0.27998
0.30594
0.00041
0. 00766
0.02236
0.08179
0.12365
J.15849
0.18206
0.26143
0.28417
0. 00038
0.00692
0.01985
0.07000
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Ty K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0«50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.43668
0.48395
0.51186
0.58940
0.60814
0.02605
0.10958
0.18312
0.33310
0.39942
0.44408
0.47062
0.54495
0.56306
0.02356
0.09945
0.16677
0.30557
036760
0.40961
043465
0.50507
0.52228
0.02187
0.09285
0.15644
0.28935
0.34948
0.39041
0.41488
0.48390
0.50079
0.02085
0.08903
0.15074
0.28145
034122
038209
0.40656
0.47574
0.49268
0.02026
0.08687
0.14764
0.27763
0.33752
0.37857
0.40318
0.47277
0.48980

TABLE-35 CONTINUED

H2
0.16436
0.12542
0.10154
0.03114%
0.01307
0.60815
0.52855
0.45572
0.29742
0.22221
0.16934
0.13697
U0.04184%
0.01754
0.73548
0.63896
0.55045
0.35787
0.26657
0.20260
0.16355
0.04961
0.02075
0.82223
0.71396
0.61441
0.39758
0.29508
0.22355
0.18006
0.05417
0.02261
0.87541
075977
0.65316
0.42077
0.31125
0.23511
0.18900
0.05647
0.02352
0.90692
0.78681
0.67584
0.43383
0.32008
0.24126
0.19365
0.05757
0.02394

co
0.08891
0.10011
O« 10694
0.12698
0.13210
0.01105
0.04696
0.07931
0.14812
0.18011
0.20236
0.21587
0.25517
0.26511
0.01598
0.06813
0.11535
0. 21615
0.26301
0.29550
0.31519
0.37204
0.38629
0.01846
0.07899
0.13407
0.25212
0.30700
0.34495
0.36788
0.43363
0.44997
0.01931
0.08285
0.14093
0.26582
0.32386
036390
0.38803
0.45683
0.47382
0.01952
0.08393
0.14304
0.27055
0.32983
0.37066
0.39522
0.46501
0.48216

CH4
0.06638
0.03865
0.02534
0.00238
0.00042
0.33999
0.25681
0.19092
0.08131
0.04539
0.02636
0.01725
0.00161
0.00028
0.21751
0.16417
0.12184
0.05150
0.02857
0.01650
0.01076
0.00099
0.00017
0.13407
0.10109
0.07486
0.03135
0.01727
0.00951
0.00643
0.00058
0.00010
0.08290
0.06245
0.04615
0.01915
0.01048
0.00598
0.00386
0.00034
0.00006
0.05257
0.03957
0.02920
0.01203
0.00655
0.00372
0.00240
0.00021
0.00004

H20
0.13957
0.11992
0. 10372
0.03777
0. 01649
0.01451
0.05359
0. 07804
0.09512
0. 08642
0.07399
0.06385
Ce 02306
0.01004
0.00735
0. 02725
0.03974
C. 04841
0.04388
0.03747
0. 03226
0.01155
0. 00502
0.00333
0.01236
0. 01806
0.02198
0.01986
0.01691
0.01452
0.00515
0.00223
0.00151
0. 00563
0.00823
0. 01000
0.00902
0.00765
0. 00656
0.00231
0.00100
0.00073
0.00272
0. 00397
0.00483
0.00434
0. 00368
0.00315
0.00110
0.00047

co2
0.10410
0.13196
0.15060
0.21233
0.22978
0.00025
0.00452
0.01288
0.04493
0.06644%
0.08387
0.09545
0.13336
0.14395
0.00011
0. 00204
0.00584
0.02050
0.03036
0.03832
0. 04360
0.06074%
0.06549
0. 00004
0.00075
0.00216
0.00763
0.01131
0.01428
0.01624
0.02256
0.02430
0.00001
0.00027
0.00079
0.00281
0.00417
0.00527
0. 00599
0.00830
0.00893
0.00001
0.00011
0.00032
0.00113
0.00168
0.00212
0.00241
0.00333
0.00358
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Ty K
500

600

700

800

900

1000

TABLE-36 EQUILIBRIUM GAS—-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.05545
0.21395
033290
0.52901
0.59969
0.64262
0.66648
0.72722
0.74072
0.05503
0.21258
0.33110
0.52725
0.59825
De64148
066554
0.72690
0.74056
0.05385
0.20869
0.32598
0.52205
0.,59383
0.63782
0.66240
0.72552
0.73965
005145
0.20077
0.31538
0.51069
0.58368
0.62892
0.65442
0.72069
0.73572
0.047T71
0.18809
0.29799
0.49037
0.56427
0.61076
0.63722
0.70708
0.72320
0.04307
0.17174
0.27463
0.45983

P=25 ATM,N/0O= 3.00

H2
0.00368
0.00310
0.00260
0.00153
000104
0.00073
0.00055
0.00014
0.00006
0.01886
0.01591
0.01336
0.00811
0.00575
0.00418
0.00327
0.00089
0.00036
0.06152
0.05196
0.04371
0.02701
0.01956
0.01453
0.01154
0.00332
0.00137
0.14740
0.12450
0.10485
0.06532
0.04777
0.03584
0.02871
0.00850
0.00353
€.28070
0.23706
0.19963
0.12461
0.09139
0.06880
0.05525
0.01654
0.00690
044406
0.37489
0.31550
0.19656

co
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00002
0.,00003
0.00006
0. 00008
0.00009
0.00010
0.00013
0.00013
0.00006
0.00024
0.00041
0.00081
0.00101
0.00116
0.00125
0.00152
0.00158
0.00040
0.00168
0.00285
0.00541
0.00664
0.00751
0.00804
0.00962
0.01001
0.00177
0.00743
0.01244
0.02290
0.02771
0.03106
0.03308
0.03898
0.04047
0.00534
0.02217
0.03675
0.06630

CH4
0.90402
0.64273
045032
0.15617
0.07242
0.03522
0.02036
0.00129
0.00020
0.88963
0.63366
0.44668
0.16453
0.08275
0.04373
0.02675
0.00198
0.00033
0.84902
0.60551
0.42863
0.16359
0.08579
0.04733
0.02989
0.00247
0.00042
0.76721
0.54739
0.38820
0.15067
0.08057
0.04536
0.02910
0.00255
0.00044
0.64019
0.45662
0.32380
0.12617
0.06787
0.03846
0.02480
0.00222
0.00039
0.48453
0.34534
U0.24458
0.09494

H20
0.03672
0.13779
0.20642
0.27392
0.25390
0.21444%
0.18089
0.05789
0. 02423
0.03628
0.13396
0. 19696
0.24867
0.22759
0. 16347
0.16507
0. 05572
0.02367
0.03527
0. 12831
0.18563
0.22587
0.20474
0.17429
Q. 14947
0.05221
0. 02245
0.03318
0.11915
0.17003
0.20078
0.18021
0. 15296
0+13123
0. 04645
0.02011
0.02922
0. 10364
0.14608
0.16790
0. 14905
0.12573
0.10756
0.03794
0.01643
0.02263
0.07938
0.11075
0412448

co2
0.00012
0,00242
0.00775
0.03937
0.07294%
0.10699
0.13171
0.21346
0.23479
0.00020
0.00387
0.01187
0.05139
0.08558
0.11705
0.13926
0.21438
0.23495
0.00029
0.00529
0.01564%
0.06068
0.09507
0.12488
0. 14544
0.21498
0.23453
0.00036
0.00651
0.01869
0.06713
0.10113
0. 12941
0.14850
0.21219
0.23018
0.,00041
0.00716
0.02007
0.06806
0. 09971
0.12519
0.14209
0.19724
0.21261
0.00037
0.00647
0.01779
0.05789
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Te K

1100

1200

1300

1400

1500

O/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
D75
1.00
4.00

10,00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0,01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
030
0.50
0.75
1.00
4,00

10.00

N2
0.53295
0.57959
0.60637
0.67802
0.69476
0.03852
0.15497
024965
0.42390
0.49413
0.53938
0.56553
063604
0.65262
0.03488
014145
0.22938
0.39428
0.46188
0.50575
0.53121
0.60020
0.61649
0.03242
0.13265
0.21665
0.37720
0.44406
0.48772
0.51314
0.58224
0.59857
0.03094
0.12757
0.20965
0.36898
0.43609
0.48009
0.50575
0.57556
0.59206
0.03007
0.12469
0.20585
0.36504
0.43255
0.47690
0.50277
0.57317
0.58980

TABLE-36 CCONTINUED

H2
0.14402
0.10834
0.08696
0.02600
0.01084
0.60243
0.50835
0.42741
0.26525
0.19379
0.14542
0.11652
0.03463
0.01442
0.72855
0.61435
0.51581
0.31832
0.23161
0,17319
0.13844
0.04080
0.01694
0.81445
0.68622
0.57519
035261
0.25537
0.,19022
0.15165
0.04430
0.01835
0.86T711
072999
0.61090
0.37222
0.26846
0.19931
0.15855
0.04598
0.01901
0.89831
0.75577
0.63169
0.38209
0.27546
0.20401
0.16204
0. 04676
0.01930

ca
0.07950
0.08851
0.09392
0.10944%
0.11331
0.01095
0.04525
0.07468
0.13336
0.15912
0.17652
0.18690
0.21627
0.22350
0.01582
0.06540
0.10788
0.19216
0.22880
0.25336
0.26792
0.30864
0.31855
0.01827
0.07568
0.12493
0.22241
0.26445
0.29243
0.30892
0.35455
0.36551
0.01911
0.07936
0.13122
0.23385
0.27791
0.30708
0.32421
0.37122
0.38242
0.01932
0.08043
0.13322
0.22787
0.28270
0.31231
0.32964%
0.37701
0.38824

CH4
0.05096
0.02884
0.01858
0.00166
0,00029
0.33362
0.23756
0.16793
006468
0.03452
0.01944
0.01248
0.00110
0.00019
0.21343
0.15177
0.10699
0.04074
0.02157
0.01206
0.00771
0.00067
0.00012
0.13154
0.09338
0.06561
0.02466
0.01293
0.00718
0.00456
0.00039
0.00007
0.08134
0.05765
0.04037
0.01499
0.00780
0.00430
0.00272
0.00023
0.00004
0.05158
0.03651
0.02551
0.00938
0.00485
0.00266
0.00168
0.00014%
0.00002

H20
0.10935
0.09158
0. 07801
0.02718
0. 01174
0.01424
0. 04967
0. 06892
0.07638
0. 06658
0.05543
0.04702
0.01617
0.00696
0.00721
0. 02515
0.03483
0.03828
0.03317
0.02746
0. 02321
0.00788
0.00338
0.00326
0.01138
0. 01575
0.01719
0. 01480
0.01219
0.01027
0.00344
0.00147
0.00148
0. 00518
0.00717
C. 00778
0.00667
0.00547
0. 00460
0.00153
0.00065
0. 00071
0.00250
0. 00346
0.00375
0.00320
0. 00262
0.00220
0.00072
0.00031

coz2
0.,08322
0.10315
0.11616
0.15770
016906
0.00025
0.00419
0.01142
0.03643
0.05186
0.06382
0.07155
0.09579
0.10231
0.00011
0.00188
0.00511
0.01621
0.02297
0.02817
0.03150
0.04181
0.04453
0.00004
0.00069
0.00187
0.00594
0.00839
0.01026
0.01145
0.01508
0.01603
0.00001
0.00025
0.00068
0.00218
0.00307
0.00375
0.00418
0.00548
0.00582
0.00001
0.00010
0.00027
0.00087
0.00123
0.00150
0.00167
0.00219
0.00232
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Ty K
500

€00

100

800

9100

1000

TABLE-37 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

0/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10,00
0.01
0.05
0.10
0.30
0.50
0e75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
G.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.06857
025446
0.38489
0.58477
0.65258
0.69275
071475
0.76975
D.78177
0.06805
0.25287
0.38289
0.58295
0.65113
0.69162
0.71382
0.76944
0.78162
0.06660
024837
0.37721
0.57756
064666
0.68796
0.71072
0.76809
0.78074
0.06366
0.23919
0.36547
0.56583
0.63643
0.67914
0.70286
0.76342
0.7T7695
0.05906
0.22453
0.34622
054490
0.61694
0.66117
0.68599
0.75030
0.76490
0.05337
0.20563
0.32039
0.51355

P=25 ATM¢N/O= 3.76

HZ
0.00365
0.00302
0.00249
0.00143
0.00097
0.00067
0.00051
0.00013
0.00005
0.01872
0.01550
0.01283
0.00761
0.00535
0.00387
0.00302
0.00082
0.00033
0.06109
0.05059
0.04195
0.02531
0.01817
0.01343
0.01064
0.00303
0.00125
0.14636
0.12119
0.10055
0.06108
0.04424
0.03300
0.02634
0.00773
0.00320
0.27872
0.23065
0.19123
011616
0.08427
0.06299
0.05037
001490
0.00620
0.44092
0.36459
0.30186
0.18259

co
0.00000
0.00000
0.00000
0., 00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00002
0. 00003
0.00006
0.00007
0.00009
0.00009
0.00012
¢.00012
0.00005
0.00023
0.00029
0.00076
0.00094
0.00107
0.,00115
0.00139
0. 00145
0,00039
0.00164
0.00275
0.00509
0.00620
0.00697
0.00745
0.00883
0.00918
0.00176
0. 00725
0.01198
0.02156
0.02587
0.02883
0.03061
0.03575
0.03704
0.00530
0.02164
0.03538
0.06228

CH4
0.89144
0.60954
0441515
0.13762
0.06283
0.03027
0.01740
0.00109
0.00017
0.87724
0.606088
0.41167
0.14487
0.07169
0.03752
0.02283
0.00167
0.00027
0.83719
057403
0.39475
0.14371
0.07408
0.0404%
0.02539
0.00206
0.00035
0.75649
0.51865
0.35700
0.13176
0.06913
0.03845
0.02450
0.00211
0.00036
0.63122
0.43228
0.29713
0.10963
0.05770
0.03224
0.02062
0.00180
0.00031
0.47771
0.32663
0.22390
0.08192

H20
0.03621
0. 13069
0.19032
0.24145
0.22031
0.18432
0. 15468
0.04885
0.02039
0.03578
0.12707
0. 18162
0.21918
0.19742
0. 16622
0.14106
0. 04698
0.01990
0.03479
0. 12176
0.17124
0.19903
0.17744
0.14952
0. 12750
0.04388
0.01881
0.03274
D.11314
0.15693
De17675
0.15584
0. 13080
0.11150
0. 03879
0.01672
0.02884
0,09845
0.13482
0.14740
0.12831
0.10687
0.09075
0.03135
0.01351
0. 02233
0.07535
0.10199
0. 10860

co2
0.00012
0.00230
0.00715
0.03471
0.06331
0.09198
0.11265
0.18018
0.19761
C. 00020
0.00367
0.01096
0.04534%
0.07433
0.10069
0.11917
0.18098
0.19776
0.00028
0. 30503
0.01445
0.05363
0.08270
0.10757
0.12459
0.18153
0.19740
0.00036
0.00619
0.01731
0.05949
0.08815
0.11164
0.12735
0.17912
0.19357
0.00040
0.00683
0.01863
0.06036
0. 08690
0.10790
0.12167
0.16589
0.17805
0.00037
0.00617
0.01648
0.05107
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Ty K

1100

1200

1300

1400

1500

Q/H
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00

N2
0.58561
0.63047
0.65586
0.72245
0.73774
0.04778
0.18626
0.29286
0.47692
0.54719
0.59137
0.61652
0.68300
0.69835
0.04331
0.17068
0.27064
0.44723
0.51594
0.55949
0.58440
0.65053
0.66585
0.04030
0.16056
0.25674
0.43037
0.49906
0.54287
0.56799
0.63489
0.65041
0.03847
0.15471
0.24913
0.42233
049163
053595
0.56141
0.62922
0.64494
0.03740
0.15141
0.24501
0.41850
C.48834
0.53308
0.55878
0.62721
0.64305

TABLE-37 CONTINUED

H2
0.13216
0. 09861
0.07877
0.02323
0.00965
0.59816
0.49419
0.40852
0.24568
0.17713
0.13174%
0.10500
0.03073
0.01274
0.72337
0.59702
0.49257
0.29406
0.21096
0.15626
0.12420
0.03601
0.01489
0.80864
0.66661
0.54874
0.32491
0.23183
0.17098
0.13551
0.03893
0.01606
0.86091
0.70891
0.58236
0.34230
0.24312
0.17866
0.14127
0.04029
0.01659
0.89187
0.73377
0.60183
0.35183
0.24908
0.18258
0.14414
0.04091
0.01682

co
0.07395
0.08182
0.08651
0.09977
0.10305
0.01087
0.04406
0.07157
0.12431
0.14668
0.16154
0.17032
0.19478
0.20072
0.0157¢C
0.06348
0.10288
0.17746
0.20857
0.22901
0.24098
0.27385
0.28171
0.01813
0.07335
D.11881
0.20424
0.23940
0.26227
0.27556
0.31157
0.32007
0.01897
0. 07690
0.12471
0.21431
0.25090
0.27455
0.28821
0.32494
0.33353
0.01917
0.07796
0.12663
0.21787
0.25500
0.27891
0.29269
0.32954
0.33811

CH&4
0.04291
0.02389
0.01524
0.00133
0.00023
0.32891
0.22451
0.15341
0.05548
0.02884
0.01565
0.01013
0.00087
0.00015
0.21041
0.14333
0.09756
0.03477
0.01790
0.00982
0.00620
0.,00052
0.00009
0.12967
0.08812
0.05971
0.,02093
0.01066
0.00580
0.00364
0.00030
0.00005
0.08018
0.05436
0.03669
0.01267
0.00639
0.00345
0.00216
0.00018
0.00003
0.05084
0.03442
0.02315
0.00791
0.00397
0.00213
0.00133
0.00011
0.00002

H20
0.093325
0.07706
0. 06508
0.02213
0. 00950
0.01404
0.04701
0. 06314
0.06594
0.05610
0. 04595
0.03861
0. 01292
0.00552
0.00711
0. 02372
0.03171
0. 03266
0.02754
0.02240
0. 01873
0.00617
0.00263
0.00321
0.01072
0. 01429
0.01455
0.01217
0. 00983
0.00819
0.00266
0.00113
0.00146
0. 00488
0.00650
0.00656
0. 00546
0.00439
0. 00364
0.00117
0.00049
0. 00070
0.00235
0.00313
0.00315
0.00261
0. 00209
0.00173
0.00055
0. 00023

coz
0.07202
0.08815
0.09854
0.13109
0.13983
0.00024%
0.00398
0.01049
0.03165
0.04406
0.05345
0.05941
0. 07770
0.08251
0.00011
0., 00177
0.00464
0.01382
0.01909
0.02302
0. 02549
0.03291
0.02483
0.00004
0.00065
0. 00169
0.00501
0.00688
0. 00825
0.00911
0.01165
0.01229
0.00001
0.00024
0.00062
0.00183
0.00250
0.00300
0. 00330
0.00420
0.00442
0. 00001
0.00009
0.00025
0.00073
0.00100
0.00120
0.00132
0.00167
0.00176
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Ty K
500

600

700

800

9300

1000

TABLE-38 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.20
050
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30

N2
0.08912
031205
0.45401
0.65175
071397
0. 74977
0.76905
0.81628
0.82643
0.08846
0.31017
045179
0.64989
0.71253
0.74866
0.76815
0.81599
0.82628
0.08659
0.30488
0.44549
0.64441
0.70811
0.74511
0.76517
0.81472
0.82545
0.08281
0.29408
0.43247
0.63252
0.69806
0.73659
0.75764
0.81033
0.82190
0.07690
0.27684%
0.41119
0.61141
0.67900
0.71932
0.74157
0.79805
0.81064
0.06959
0.25466
0.38271
0.57999

P=25 ATM,N/0= 5.00

H2
0.00361
0.00290
0.00235
0.00131
0.00088
0.00061
0.00046
0.00011
0.00005
0.01852
0.01488
0.01208
0.00696
0.00485
0.00349
0.00271
0.00073
0.00029
0.06041
0.04857
0.03948
0.02312
0.01643
0.01206
0.00952
0.00269
0.00110
0.14473
0.11631
0.09452
0.05559
0.03980
0.02946
0.02342
0.00679
0.00281
0.27559
0.22120
017943
010517
0.07527
005577
0.04437
0.01294
0.00536
0.43595
034934
0.28263
0.16438

co
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00002
0. 00003
0.00005
0.00007
0.00008
0.00008
0.00010
0.00011
0.00005
0.00022
0.00037
0.00069
0.00085
0.00097
0.00104
0.00124
0.00130
0.00039
0.00158
0.00260
0.00468
0.00564
0.00631
0.00672
0.00789
0.00819
0.00174
0.00699
0.01134
0.01983
0.02354
0.02605
0.02755
0.03184
0.03290
0.00525
0.02085
0.03343
0.05699

CH4
0.87173
0.56235
0.36838
0.11536
0.05169
0.02463
0.01408
0.00087
0.00014%
0.85784
0.55427
0.36514
0.12127
0.05887
0.03046
0.01843
0.00133
0.00022
0.81864
0.52925
0.34970
0.11986
0.,06053
0.03263
0.02035
0.00163
0.00027
0.73969
0.47772
0.31549
0.10913
0.05593
0.03066
0.01937
0.00163
0.00028
0.61713
0.39757
0.26160
0.08987
0. 04604
0.02527
0.01600
0.00136
0.00023
0.46699
0.29987
0.19628
0.06640

H20
0.03541
0.12058
0.16891
0.20246
0.18133
0.15007
0.12519
0.03897
0.01621
0. 03499
0.11727
Q.16122
0.18376
0.16242
0. 13523
0.11407
0.03742
0.01580
0.03403
0.11243
0.15208
0.16677
0. 14577
0.12138
0.10282
0.03479
0.01486
0. 03204
0.10456
0.13946
0.14783
0.12757
0.10564
0.08937
0.03046
0. 01307
0.02823
0. 09104
0.11974
0.12270
0.10425
0.08550
0.07195
0. 02424
0.01038
0.02186
0.06957
009023
0. 08948

coz2
0.00012
0.00212
0.00635
0.02912
0.05213
0.07492
0.09121
0.14377
0.15718
0. 00020
0.00339
C. 00973
0.03807
0.06126
0.08208
0.09655
O0el4444
0.15730
0.00028
0. 00465
0.01287
0.04515
0.06831
0.08785
0.10110
0.14492
0.15701
0.00035
0.00574
0.01547
0.05025
0.07301
0. 09134
0.10348
0.14289
0.15375
0.00039
0.00635
0.01669
0.05102
0.07191
0.08809
0.09856
0.13157
0.14049
0.00036
0.00572
0.01471
0. 04277
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Ty K

1100

1200

1300

1400

1500

Q/H
0.50
0.75
1.00
400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.64856
0. 69002
0.71308
0.77226
0.78558
0.06240
0.23197
0.35252
0.54377
0.61189
0.65348
0.67674
0.73683
0.75042
0.05667
0.21379
0.32836
0.51511
0.58305
0.62486
0.64835
0.70924
0.72305
0.05280
0.20201
0.31340
0.49927
0.56803
0.61056
0.63450
0.69670
0.71080
0.05046
0.19523
0.30525
0.49183
0.56154
0.60475
0.62910
0.69230
0.70662
0.04908
0.19141
0.30085
0.48832
0.55870
0.60237
0.62697
0.69077
0.70519

TABLE-38

H2
0.11716
0.08653
0.06871
0.,01992
0.00824
0.59138
0.47313
0.38175
0.22007
0.15599
0.11472
0.09083
0.02609
0.01077
0.71513
0.57114
0.45944
0.26218
0.18467
0.13515
0.10666
0.03032
0.01248
079939
0.63724
0.51093
0.28844%
0.20186
0.14700
011565
0.03256
0.01336
0.85103
0.67726
0.54147
0.30292
021090
0.15300
0.12008
0.03356
0.01375
0.88161
0.70073
0.55905
0.21075
0.21559
0.15600
0.12224
0.03401
0.01392

CONTINUED

co
0.06686
0.07341
0.07727
0.08804
0.09066
0.01075
0.04228
0. 06717
0.11238
0.13072
0.14267
0.14963
0.16868
0.17322
0.01551
0.06062
0.09576
0.15814
0.18278
0.19855
0.20764
0.23204
0.23775
0.01790
0.06987
0.11012
0.18048
0.20767
0.22484
0.23464
0.26053
0.26650
0.01873
0.07323
0.11545
0.18878
0.21679
0.23433
0.24427
0.27030
0.27624
0.01894
0.07425
0.11722
0.19174
0.22004
0.23768
0.24765
0.27362
0.27951

CH4
0.03373
0.01840
0.01160
0.00097
0.00017
0.32149
0.20578
0.13396
0.04452
0.02237
0.01210
0.00758
0.00063
0.00011
0.20564
0.13117
0.08488
0.02764
0.01371
0.00734
0.00457
0.00037
0.00006
0.12673
0.08053
0.05177
0.01650
0.00808
0. 00429
0.00265
0.00021
0.00004
0.07835
0.04962
0.03172
0.00993
0.00481
0.00253
0.00156
0.00012
0.00002
0.04968
0.03139
0.01958
0.00617
0.00297
0.00156
0.00096
0.00007
¢.00001

H20
0.07482
0.06067
0. 05071
0.01675
0.00714
0.01373
0.04319
0. 05536
0.05340
0.04403
0. 03534
0.02935
0.00950
0.00403
0.00694
0. 02167
0.02754
0.02595
0.02112
0.01679
0. 01386
0. 00440
0.00186
0. 00314
0.00976
0.01233
0.01141
0.00919
0.00725
0.00595
0.00186
0. 00078
0.00143
0. 00444
0.00559
0.00511
0. 00409
0.00321
0.00262
0.00081
0.00034
0. 00069
0.00214
0.00269
0. 00245
0.00195
0. 00152
0.00124
0.00038
0.00016

co2
0.05887
0.07096
0. 07863
0.10206
0.10822
0.00024
0.00366
0.00924
0.02586
0.03500
0. 04169
0.04586
0.05828
0.06146
0.00011
0.00161
0.00402
0.01098
0.01466
0.01730
0.01892
0.02363
0.02481
0. 00004
0.00059
0.00145
0.00391
0.00517
0. 00607
0.00661
0.00814
0.00852
0.00001
0.00021
0.00053
0.00142
0.00187
0.00218
0.00237
0.00291
0.00304
0.,00001
0.00008
0.00021
0.00057
0.00075
0.00087
0.00095
0.00115
0.00120
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Ty, K
5300

600

T00

800

900

1000

TABLE-39 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.0l
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30

N2
0.16365
0.47559
0.62439
0. 78907
0.83305
0.85695
0.86941
0.89884
0.90496
0.16248
0.47310
0.62187
0.78733
0.83177
0.85599
0.86866
0.89860
0.90484
0.15919
0.46606
0.61471
0.78223
0.82790
0.85298
0.86616
0.89758
0.90418
0.15254
0.45178
0.60004
0.77132
0.81923
0.84587
0.86000
0.89409
0.90135
0.14217
0.42909
0.57630
0.75232
0.80311
0.83174
0.84705
0.88444
0.89249
0.12932
0.40009
0.54497
0.72471

P=25 ATMyN/0=10.00

H2
0.00346
0.00253
0.00195
0.00102
0.00067
0.00046
0.00034
0.00008
0.00003
001774
0.01298
0.01000
0.00540
0.00369
0.00262
0.00203
0.00054
0.00022
0.05788
0.04233
0.03262
0.01781
0.01238
0.00898
0.00704
0.,00196
0.00080
0.13863
0.10113
0.07769
0.04230
0.02951
0.02150
0.01693
000479
0.00197
026390
0.19164
0.14631
0.07855
0.05448
0.03957
0.03112
0.00879
0.00361
0.41729
0.30128
0.22824
0.12020

co
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00002
0.00004
0.00005
0.00006
0.00006
0.00008
0.00008
0.00005
0.00020
0.00031
0.00054
0.00066
0.00074
0.00078
0.00092
0.00096
0.00037
0.0013¢
0.00218
0.00368
0.00434
0. 00480
0.00507
0.00585
0.00604
0.00168
0.00618
0.00954
0.01557
0.01806
0.01970
0.02067
0.02334
0.02399
0.00505
0.01835
0.02785
0.04387

CH4
0.80027
0.42838
0.25315
0.06974
003010
0.01405
0.00794
0.00048
0.00007
0.78746
0.42189
0.25047
0.07296
0.03406
0.01724
0.01031
0.00072
0.00012
0.75135
0.40196
0.23867
0.07117
0.03441
0.01808
0.01112
0.00086
0.00014
0.67864
0.36118
0.21313
0.06318
3.03074
0.01632
0.01013
0.00081
0.00014
0.56587
0.29841
0.17394
0.05013
0. 02412
0.01272
0.00787
0.00063
0.00011
0.42787
0.22304
0.12801
0.03550

H20
0.03251
0. 09189
0.11614
0.12253
0. 10574
0.08570
0. 07071
0.02144%
0.00887
0.03213
0.08942
0.,11092
0.11113
0.09454
0. Q7703
0.06422
0.02049
0. 00860
0.03128
0. 08588
0.10474
0.10058
0. 08438
0.06859
0.05734
0.01877
0.00796
0. 02949
0.08006
0. 09609
0. 08845
0.07286
0. 05864
0.04882
0.01594
0. 00677
0.02603
0. 06971
0.08211
0.07196
0. 05790
0.04588
0.03785
0. 01207
0.00510
0. 02014
0.05280
0.06072
0. 05037

co2
0.00011
0.00162
0.00437
0.01764
0. 03044
0.04284
0.05159
0.07916
0.08606
0.00018
0.00259
0.00672
0.02315
0.03588
0. 04706
0.05472
0.07958
0.08615
0.00025
0.00357
0.00894
0.02766
0.04027
0.05063
0.05755
0.07991
0.08596
0. 00032
0.00445
0.01087
0. 03107
0.04332
0.05287
0.05905
0.07852
0.08373
0.00036
0.00496
0.01181
0.03147
0.04233
0.05038
0.05545
0.07074
0.07470
0.00034
0.00443
0.01021
0.02535
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Ty K

1100

1200

1300

1400

1500

0/H
0.50
Do 75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4400

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
44,00

10.00

N2
0.77806
0.80845
0.82479
0.86495
0.87364
0.11671
0.37077
0.51257
0.69458
0.74988
0.78161
0.79873
0.84093
0.85008
0.10666
0.34772
0.48770
0.67294
0.73030
0. 76337
0.78124
0.82535
0.83491
0.09989
033305
0.47288
0.66203
0.72122
0.75539
0.77385
0.81936
0.82921
0.09579
0.32470
0.46502
0.65718
0.71754
0.75237
0.77118
0.81744
0.82743
0.09339
0.32003
0.46084
0.65494
0.71598
0.75117
0.77016
0.81679
0.82684

TABLE-39 CONTINUED

H2
0.08259
0.05959
0.04667
0.01302
0.00534
056584
0.40616
0.,30530
0.15766
0.10728
0.07686
0.05994
0.01651
0.00675
0.68399
0.48810
0.36398
0.18422
0.12411
0.08830
0.06857
0.01866
0.00760
0.76432
0.54241
0.40145
0.19550
0.13323
0.09424
0.072S2
0.01965
0.00799
0.81347
0.574717
0.42295
0.20738
0.13768
0.09700
0.07489
0.02006
0.00814
0.84256
0.59351
0.43503
0.21147
0.13988
0.09832
0.07580
0.02023
0.00820

co
0.05007
0.05404%
0.05632
0.06246
0. 06391
0.01031
0.03659
0.05446
0.08272
0.09300
0.09938
0.10298
0.11241
0.11457
0.01480
0.05149
0.07538
0.11098
0.12318
0.13051
0.13458
0.14494
0.14725
0.01705
0.05879
0.08532
0.12336
0.13585
0.14320
0.14722
0.15726
0.15946
0.01784
0.06148
0.08901
0.12777
0.14022
De14747
0.15140
0.16113
0.16325
0.01804
0.06236
0. 09030
0.12935
0.14176
0.14895
0.15284%
0.16241
0.16448

CH4
0.01676
0.00872
0.00535
0.00042
0.00007
0029433
0.15165
0.08568
0.02285
0.01058
0.00543
0.00330
0.00025
0.00004
0.18812
0.09580
0.05327
0.01365
0.00619
0.00314
0.00189
0.00014
0.00002
0.11585
0.05834
0.03196
0.00789
0.00352
0.00176
0.00105
0.00008
0.00001
0.07159
0.03574
0.01935
0.00465
0.00205
0.00102
0.00061
0.00004
0.00001
0.04538
0.02252
0.01210
0.00286
0.00125
0.00062
0.00037
0.00003
0.00000

H20
0.03950
0.03075
0. 02510
0.00777
0.00326
0.01260
0.03209
0. 03590
0.02816
0.02154
0. 01649
0.01333
0. 00401
0.00167
0.00634
0. 01573
0.01717
0.01280
0.00%57
0.00721
0. 00578
0.00169
0.00070
0. 00286
0. 00699
0.00751
0.00540
0.00397
0. 00296
0.00235
0.00068
0.00028
0.00130
0. 00316
0.00337
0.00237
0. 00173
0.00128
0.00101
0.00029
0.00012
0. 00063
0.00152
0.00162
0.00112
0.00082
0.00060
0.00048
0.00014%
0. 00006

co2
0.03302
0.03845
004177
0.05138
0.05378
0.00022
0.00274%
0. 00607
0.01402
0.01772
0.02023
0.02172
0.02588
0.02689
0.00010
0.00116
0.00249
0.00541
0.00666
0.00748
0. 00795
0.00922
0.00952
0.00003
0.00041
0.00087
0.00183
0.00221
0.00246
0.00260
0.00297
0.00305
0.00001
0.00015
0.00032
0.00065
0.00078
0.00088
0.00091
0.00103
0.00106
0.00001
0.00006
0.00013
0.00026
0.00031
0. 00034
0.00036
0.00041
0.00042
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Ty K
500

600

700

800

900

1000

TABLE-40 EQUILIBRIUM GAS-PHASE MOLE FRACTIONS

O/H
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30

N2
0.28124
0.64449
0.76864
0.88202
0.90887
0.92292
0.93011
0.94672
0.95011
027937
0.64171
0.76621
0.88057
0.90784
0.92217
0.92953
0.94654
0.95002
027413
0.63391
0.75936
0.87639
090479
0.91966
0.92763
0.94578
0.94952
0.26356
0.61816
0.74551
0.86766
0.89815
0.91453
0.92306
0.94321
0.94742
0.24708
0.59345
0.72355
0.85291
0.88616
0.90422
0.91368
0.93621
0.94096
0.22672
0.56243
0.69543
0.83240

P=25 ATMyN/0=20.00

H2
0.00321
0.00208
0.00153
0. 00076
0.00049
0.00034
0.00025
0.00006
0.00002
0.01644
0.01068
0.00783
0.00402
0.00271
0.00191
0.00147
0.00039
0.00016
0.05363
0.03472
0.02541
0.01311
0.00897
0.00644
0.00502
0.00138
0.00056
0.12838
0.08254
0.05994%
0.03051
0.02083
0.01497
0.01170
0.00324
0.00133
D.24416
0.15513
0.11117
0.05502
0.03711
0.02648
0.02061
0.00566
0.00231
0.38558
0.24130
0.17013
0.08141

co
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00001
0. 00002
0.00003
0.00004
0.00004
0.00005
0.00006
0.00006
0.00005
0. 00016
0.00024
0.00041
0.00049
0.00054
0.00058
0.00067
0.00069
0.00035
0.00116
0.00173
0.00279
0.00324
0.00355
0.00373
0.00423
0.00436
0.00157
0.00517
0.00760
0.01172
0.01333
0.01437
0.01498
0.01660
0.01698
0.00472
0.01518
0.02175
0.03182

CH4
0.68752
029007
0.15566
0.03889
0.01638
0.00754
0.00424
0.00025
0.00004
0.67640
0.28520
0.15349
0.04037
0.01835
0.00915
0.20543
0.00037
0.00006
0.64505
0.27043
0.14488
0.03857
0.01804
0.00930
0.00566
0.00043
0.00007
0.58199
0.24058
0.12689
0.03288
0.01532
0.00791
0.00483
0.00037
0.00006
0.48437
0.19555
0.10043
0.02460
0.01119
0.00570
0.00345
0.00026
0.00004
0.36532
0.14307
0.07112
0.01629

H20
0.02794%
0. 06226
0.07148
0.06845
0. 05764
0.04611
0.03778
0.01127
0.00465
0.02763
0.06063
0.06829
0.06199
0.05139
0. 04127
0.03415
0.01070
0. 00447
0.02693
0.05833
0.06451
0.05581
0. 04544
0.03629
0. 03005
0.00960
0.00405
0. 02545
0.05447
0.05904
0.04833
0.03836
0.03017
0.02479
0.00780
0. 00329
002250
0.04722
0.04974
0.03794
0. 02912
0.02240
0.01817
0. 00552
0.00231
0.01737
0.03499
0.03534
0. 02475

co2
0.00009
0.00110
0.00269
0.00987
0.01662
0.02309
0.02761
0.04170
0.04518
0. 00015
0.00176
0.00415
0.01302
0.01968
0.02545
0.02938
0.04195
0.04523
0.00022
0. 00245
0.0055¢9
0.01571
0.02228
0.02757
0.,03107
0.04216
0.04511
0.00028
0.00309
0.00689
0.01782
0.02411
0. 02887
0.03190
C.04114
0.04355
0.00032
0.00347
0.00750
0.01782
0.02308
0.02682
0.02911
0.03575
0.03741
0. 00029
0.00304
0.00623
0.01334
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Te K

1100

1200

1300

1400

1500

0/H
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4 .00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4,00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00
0.01
0.05
0.10
0.30
0.50
0.75
1.00
4.00

10.00

N2
0.86838
0.88804
0.89836
0.92299
0.92818
0.20681
0.53198
0D.66787
0.81212
0.85061
0.87169
0.88277
0.90919
0.91475
0.19101
0.50903
0.64834
079962
0.84033
0.86262
0.87432
0.90217
0.90801
0.18042
0.49499
0.63751
0.79407
0.83621
0.85923
0.87130
0.89992
0.90591
0.17404
0.48722
0.63201
0.T91¥F5
0.83466
0.85804
0.87028
0.89625
0.90530
0.17020
0.48295
0.62917
0.79072
0.83402
0.85758
0.86990
0.89903
0.90511

TABLE-40

H2
0.05412
0.03825
0.02960
0.00800
0.00325
0.52211
0.32154
0.22299
0.10327
0.06772
0.04743
0.03652
0.00973
0.00394
0.63025
0.38207
0.26075
0.11708
0.07583
0.05269
0.04039
0.01063
0.030430
0.70344
0.42066
0.28325
0.12416
0.07969
0.05507
0.04208
0.01099
0.00444%
0.74804
0.44292
0.29549
0.12755
0.08143
0.05610
0.04279
0.01113
0.00449
0.77434%
0.45553
0.30214%
0.12923
0.08226
0.05656
0.04310
0.01118
0.00451

CONTINUED

co
0.03544
0.03767
0.03893
0.04219
0.04293
0.00855
0.02932
0.04054
0.05593
0.06094
0.06390
0. 06552
0.06961
0.07051
0.01358
0.03995
0.05357
0.07044
D.07545
0.07830
0.07982
0.08354
0.08433
0.01558
0.04488
0.05923
0.07595
0.08065
0.08325
0.08463
0.08793
0.08862
0.01629
0.04670
0.06128
0.07781
0.08233
0.08481
0.08611
0.08920
0.08985
0.01650
0.04734
0.06203
0.07847
0.08291
0.08534
0.08661
0.08961
0.05024

CH4
0.00720
0.00360
0.00215
0.00016
0.00003
0.25059
0.09504
0.04571
0.00980
0.00422
0.00207
0.00123
0.00009
0.00001
0.15972
0.05870
0.02734
0.00551
0.00231
0.00112
0.00066
0.00005
0.00001
0.09813
0.03509
0.01591
0.00306
0.00126
0.00060
0.00035
0.00002
0.00000
0.06053
0.02122
0.00945
0.00176
0.00072
0.00034
0.00020
0.00001
0.00000
0.03833
0.01326
0.00584%
0.00107
0.00043
0.00020
0.00012
0.00001
0.00000

H20
0.01832
0.01376
0.01101
0.00322
0.00133
0.01076
0. 02036
0.01952
0.01247
0.00891
0.00654
0.00517
0.00146
0.00060
0.00536
0.00955
0.00874
0.00516
0.00358
0.00258
0.00202
0.00056
0.00023
0.00240
0. 00414
0.00368
0.00207
0.00141
0.00101
0. 00078
0.00021
0.00009
0. 00109
0.00185
0.00162
0. 00089
0.00060
0. 00043
0.00033
0.00009
0. 00004
0.00053
0.00089
0. 00077
0.00042
0. 00028
0.00020
0.00015
0. 00004
0.00002

caz
0.01654
0.01869
0.01995
0.02344
0.02427
0.00019
0.00176
0.00337
0.00641
0. 00761
0.00836
0. 00879
0.00992
0.01018
0.00008
0.00070
0.00126
0.00218
0.00250
0. 00269
0.00280
0.00306
0.00312
0.00003
0.00024
0.00042
0.00069
0.00078
0.00083
0.00086
0.00093
0.00094
0.00001
0.00009
0.00015
0. 00024
0.00027
0. 00029
0.00029
0.00032
0.00032
0.00000
0.00003
0.00006
0.00009
0.00011
0.00011
0.00012
0.00012
0.00013
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CHAPTER V
DISCUSSIONS

5.1 GAS-PHASE IDEALITY ASSUMPTION

Since the gas-phase non-ideality effect 1s maximum at the
highest pressure and the lowest temperature, the calculations
of equilibrium mole fractions of the gas-phase were rédone.
‘using the fugacity data from Deminsz (6, 7,8,9) and Zwolinski (12),
at 25 atm and 5000 K. The fugacity data are used in the ex-
pression for Cy in equation (2-11). The calculations were
performed for N/O = 0, 3, and 10 and for O/H = 10_3 to 103 and
the results compared with those obtained under the ideality
agsumption, For most specliesg, the maximum value of the absolute
error in mole fraction was found to be of the order of 107
which represents a fractional percentage error. In most cases,

L

the absolute error was found to be 107 ' or less, corresponding
to relative error of 0.1% or less, for the abundant species,

However, the maximum relative error was of the order of hundred

per cent for species whose mole fractions were in the order of

-1
10™%

or less.

Congidering these relative small errors and remembering the
fact that there is some inherent uncertainty of the results due

to the limited accuracy of the frec energy and fugacity data, it
is concluded that the effeet of non-ideality of the gas-phase

can be reasonably neglected,
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5.2 ABSENCE OF LTIQUID WATER, NITROGEN COMPOUNDS, AND HIGHER
MOLECULAR WEIGHT HYDROCARBONS

The lowest temperature used for calculation of the equili-
brium results in this work was 500O K. It was found that the
vapor pressure of liquid water at 500° X exceeds the partial
pressure of water in the gas phase at the hiéhest pressure used
(25 atm). This explains why the liguid-water phase was not
considered in the method of calculation.

In the gas-phasge. only six species have bean considered to
be significant. The mole fraction of any other gaseous specie
composed of one or more of the elements from C, H, 0, and N can
be calculated uéing the equilibrium constants of formation and
the previously calculated mole fractions of other sixz ahundant
species, or using the values of Lagrangian multipliers and
equation (2-17).

For example, the mole fraction of 02 is calculéted from the
following reaction whose equilibrium constant of formation is

denoted by Kcoz’

C(s) + 0, = CO

2 2

Thecefore Yo =¥ SK
' 02 002 602

then, for any other compound, CaHBOYNe. the mole fraction can

be found from its formation reaction:

v ﬂ - x— -Q- q &
a G+ > H 4.2 e, + > Nz QIHBQYNO

2 2

o _ _ - )
/_\.Gf = ~RT in Kf
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P
- C HgOyNg PyCaHBOYNe
f—- == e
8 Y 9

p p P gryre By 8
jH2 %2 "N, P2 ij Yo, Yy

- (p+¥+8)/2 [ B8 vy 8

0} o y = K, P Yy Yo ¥

_ CoHgO Ny~ 't H, Y0, N,

By calculaticn, it was found that even the most common.
‘nitrogen compounds, €.g., N,0, NO, NO,, HCN, (CN),, and NHj had
equilibrium mole fractions less than 1077,

Higher molecular weight hydrocarbons were also tesfed for
their presence in trace quantities and their mole fractions were
found to be, generally, of the order of 10‘:3 or less except in
the region of small O/H vslues. Under some conditions, their
presence in greater than trace amounts was indicated, however,
their estimated mole fractions were still below 107 and thus
too low to warrant thelr inclusion in a recalculation of the

equilibrium gas phase compositions.

5.3 EFFECT OF TEMPERATURE ON CARBON DEPOSITION BOUNDARIES

A typical characteristic observed in the Figures 1 through
40 is that an increase in temperature causes a shift in equili-
brium gas-phase compositions towards more CO and Hz. This is
why at temperatures around 15000 K, the carbon deposition
boundaries are very close to a straight line joining H, and CO,
Conversely, at low temperatures, CHu and CO2 are present in
largef amounts.

Therefore, at high temperatures. the carbon deposition
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boundary can be used to graphically predict the equilibrium
gas-phase compositions. At lower temperatures, the other species

namely CH&' Cco and H,0 become increasingly important and the

2 2
gas~phase composition may no longer be determined simply by

graphical calculations.

5.4 EFFECT OF PRESSURE AND INERT ON THE CARBON DEPOSITION
BOUNDARIES '

To illustrate the effects of inert and pressure on the
carbon deposition boundaries, the results were plotted with n or
P as a parameter on the triangular CHO diagrams. Pigure 41
shows how the carbon deposition boundary shifts with a change
of N/O ratic, at 1000° XK and 1 atm. The effect iz found to be
muchrless at very low and at very high temperatures.

Similarly, Figures 42 and 43 are plotted to illustrate the
effect of pressure for different values of 1, at 1000° K, Agnin,
it was observed that the effects were pronounced at medium
temperatures.

The insignificant effeét of P anﬁ N on the carben deposi-
tion boundaries at low and at high temperatures can be explained
by a simple thermodynamic analysis for the binary element systems
represented by the C-0 and C-H sides of the triangular diagram.

When N = 0, these binary elemental systems will consist of
only three species, either C, HZ' and CH& or C, CO, and COE'

The effect of pressure for these systems is coﬁsidered here
-separately.

For the C-H system, the relevant reaction is:
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C(s) + 2H, = CH,

In the presence of solid carton and under the perfect gas
assumption, the relation among the equilibrium constant for this
reaction, Kl' the total pressure, P, and the mole fraction of

hydrogen, y, is given by:

Py)
. ) i
or, KPy"+y-1=20
By differentiation, the following relation is obtained:
2
L
3% 'y, 1+ 2 K Py

) -t
At 500° K, Kl = 2675, and y varies in the order of 10 “ to 10~

as P changes from 1 to 25 atm.

Therefors,
2y, P ~g
(597 *3p=<10
T
At 1500° K, Ky = 0.00256, and y > 0.9%.
Therefore,
2Kl Py §.< 1
or' ay 2 ) “3
( 3% ){p = Ky© = 10

However, at 1000° X, K, = 0.0983, and y varies from 0.915 to 0.46

as pressure varies from ) to 25 atm. Therefore, at 1 atm:
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which is significant though it decreases as P increases.
For the C~0 system, a similar treatment may be performed

with the reaction:

C(s) + €O, = 2 CO
Let K2 be the equilibrium constant of this reaction, and y be

the mole fraction of CO, at equilibrium. Then,

2 7 P(l-y
~ 2
or Ko (Ll = y) = Py* =0

and, upen differertiations:

( 2% ) - ._Xi
oF K.+ 2Ty

L

At low temperatures, K, and y are both of the orders of 1077 or

iess, therefore:

3y )

P

-~}
(5%

y
P 2P

On the other hand, at 1500° K, y is nearly unity, and K2 > > 2Py.

Therefore: .
T 2

At 1000° K, however, K2 = 1.89 and y varies around 0.5 to 0.7,

Therefore, at P= 1 and y = 0.6,

(2 + - 107t

which ig again very zignificant.
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In the preceding analysis considered at the binary edges
“cf the carbon deposition boundary, there are only two species
present in the gas-phase and thus a significant change in the
mole fraction y significantly shifts the carbon deposition
boundary. However, this sensitivity of carbon deposition
“boundary tc composition is not necessarily found in the interior
region of the ternary CHO diagram. Several cases were observed
‘where carbon deposition boundaries superimposed and as much as
20% difference in mole fractions was found. The cpposite is,
however, necessarily true; that is, a significant shift in the
carbon deposition boundary implies significant changes in the
mole fractions,

As has been seen in Seection 2.5, the effects of F and ¥
can be combined through the use of the term P/n..thusF as ex-
pected, gn increase in P causes a change in the opposite dirsction
to thﬁt due to an increase in n or K . Also, as expected, the
maximum effect of ﬁ‘ is seen at the lowest preésure, P=1 atm:
and accordingly when N = 0 the maximum effect of P is seen. The
direction of these effects is determined by Le Chatelier principle
as can be seen on Figures 42 and 43. An increased pressure shifts
the gas phase composition toward more CH& and 002. Figure 1
shows that an increase in inerts decreases the effective pressure
and causes a shift toward CO. The corresponding shift toward
H2 is not seen on the diagram because as CH4 and H2 are approached

the quantity of oxygen, hence the effect of N/0O elemental ratio,

decreases.
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APPENDIX A

COMPUTER PROGRAM
AND INPUT DATA
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INPUT DATA

COEFFICIENT MATRIX  (ay;)

€ N, Hy €O CHy My €O,
Cl1 0 0 1 1 0 1
Hio 0 2 0 4 2 0
Olo 0 0 1 0 1 2

PRESSURE ARRAY ( P, atm, )

1 5 10 15 25

ETA ARRAY

0.0 1.00 2,00 3.00 3.76 5.00 10.00 20.00 40.00
TEMPERATURE ARRAY ( 7, K )
298 500 600 700 800 900 1000 1100 1200 1300 1400 1500

OMEGA ARRAY

0.0C1 0.010 0,025 0.050 0.075 C.100 0.220 ©€.300
0,350 0.425 0500 0.625 0.750 0.825 1.000 1.500
2.0 4e0 8.0 10.0 25.0 100.0 1000.0

LOG OF EQBM CONST OF FORMATICN ARRAY ( Iog(,Kf )

C No Hoy Cco CHy 20 COyp
0.3 0.0 0.0 24,04778 8489850 40.04724 69.09124
0.0 0.0 0.0 16.25296 3.42730 22.88604 41.25831
0.0 0.0 0.0 14.33598 2.00040 18.63268 34.40082
Col 0.0 0.0 12.96488 0.95290 15.58329 29.50278
0.0 0.0 0.0 11.93188 0.15000 13.28854 25.82659
0.0 0.0 0.0 11.12555 -0.48810 11.49733 22.96647
0.0 0.0 0.0 10.47761 =-1.00750 10.05973 20.67680
0.0 0.0 0.0 9.94451 -1.43450 8.88088 18.80244
0.0 0.0 0.0 9.49779 ~1.79360  T7.89633 17.2399
0.0 0.0 0.0 9.11764 =-2.10060 7.06060 15.91649
0.0 0.0 0.0 8.78999 =-2.36380 6.34355 14.78l64
0.0 0.0 0.0 B.50442 -2.59230 5.72047 13.79667
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T, K
7298
5090
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APPENDIX B
CHOICE OF REFERENCE STATE FOR FREE ENERGY DATA

In the optimization problem for obtaining the equilibrium
state of a general system referred to in the third chapter, the

free energy function, G, toc be minimized is given by

G i & '{ 1n i )
£ = == ds Mz #F n. c, + 1n
BT gm0 = .
or
5 O RT3 (1 Sy (s
G = : n! ‘*. nc -n fc + ln B'“l
j=1 ¢ 41 jmg+) T i n

subject to atomic balance constraints

L a3 n, = bj i < ji<m (B-2)

i Mo

i

The solution of the problem is obtained by modif&ing the objective
function by including constraint equations with Lagrangian
multipliers and setting the partial derivatives equal to zero
for eacﬁ specie. The gquestion ﬁere is what data should be used
for }&2, since we can never determine an absclute value of it.
The two commonly presented and used forms of data are referred +to the
elements in their standard states at 0° K and T° K, the temper-
ature of the system of concern.

| Iet E and M represent the elemental and molecular species,
respectively. Different kinds of data can be related by use of

Hess' law i1llustrated below:
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I |
L a.. (Co - Ho Y},
E, 0° K j=1 4E T T o 7 B, ™ K
o ( Gzo
AH ' o 10 = o
( o )M V !{) ) . ! MG RT In K
]1'0
o )
M ﬂf\ M
S .
0° ¥ ( n; Hg ) ™ K
' M

The superscript © refers to the standard state and the subscript

0
to 07 K. At absolute zero temperature ,

“x W

s R 4
U . Ay for every E or‘m

and for every siementsl specie

P )

AH?‘O = f"‘H;j = f:.\ff =

It can be easlly seen from the diagram that, for any molecular
specie, M, at ¥,

m

O O o) . O - ‘ iy 0

= o~ + “ 1

o Gf L« CTT Ho ) AH:FO ] il Byt CT,}

J

The subscript T shall be removed for simplicity of notation,
then |

o _ o o - o) o
FaX 1 = S Y4 ; - 2N
Cf C (¢ HO J ﬁ’HfO 7 jil aji Gj (B-3)
Let

0 = O a
M= Acq, . lsise (B-4)

o
And, let 'uio be the free energy referred to the elements at 0% x.
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or,

i 0 N o) : -
M = Mi+ji'1aj.iG.i y l<ic<e (B-5)

Then, we can compare the expressions for the objective function

G and G . Using equations (B~1) and (B-35) -.

c . c n,
G .= L n,+RT £ n, {(1n £, + 1n —*)
o7 i Mo j=el T T B
(B-6)
Subtracting (B-1l) from this:
S o 0
G —,(,—i=l (,uio— }ati)ni
Using (B-5), it becomes
¢ m o
G -G= X b .y Ga "
8 i=1 ( J=1 317 !
m c i
= % ( & a., n )G
=1 i=1 J
and, now using mass balance constraints (B-2)
4] o
-G= Z b. GO B-
GO G j—'v'-l b;} GJ { ?)

For a given problem of minimizing free energy, G, bj is constant
o}
for each j, and Gj depends upon the temperature, T. Therefore,

(Go - G) is independent of mole numbers ny or
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9G (B-8)
ani

It

Therefore, the choice of temperature of elements to which free
energy data are referred does not influence the state of equili-
brium of a system, though it changes the magnitude or the free

energy of the system.



- Bguilibrium constant for the reacticn C + Co,
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NOMENC LATURE

n,
Abbreviation for (ci + ln H£ 4

Number of atoms or j-th element in one molecule of i-th
component.

Abbreviation for niAi.
Total number of atoms of j-th element in a system.

Number oi components, in the sense of phase rule.

Number of components (that is, species) present in the
system.

Abbreviation for ( M° + RT 1n f) for i-th species in
the gas-phase,

Abbreviation for ﬂg, for i-th specie in the condensed
rhase.

To represent elements.
Number of degrees of freedom, in the section. (2.2).

m c
iati f + L 9w, {(b. - L e Tl
Abbreviation for ( g ) g ( 3™ B ay; Py 31

Fugacity of pure i-th species, at total system pressure,
P, and temperature, T.

Fugacity of i-th species in the gas mixture.

Total Gibbs free energy of the system with respect to
elements in their standard states, taken to be at the
system temperature, T° K, and at 0° K respectively.

Free energy of formation of j-th element in the standard
state, at the system temperature, T° K,

Standard free energy of formation of i-th specie with
reference state being at the system temperature, ™ K,

+ Standard enthalpy change of formation at ™ K,

il

Eguilibrium constant for the reaction C + 2H, CHQ.

i

200,
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Equilibrium constant of formation of any general com-

pound CaHaDYNg

Equilibrium constant of formation of i-th species at ™ X,

Representing molecular species.
Number of atomic species, reactive atomic species.
Number of comporients in the system, in the section (2.2).

Total number of moles in the gas-phase when there are
no inerts. '

Total number of moles in the gas-phase.

Number of moles of i-th species.

Number of phases, in Section (2.2).
Pressure of the system, atm.

Pressure of the system without inerts, atm.
Partial pressure of i-th specles in the gas-phase, atm.

Number of independent reactions, in Section (2.2).

Gas constant.

Abbreviation for £ a.. a,. n, for a1l reactive com-
i ji Tli i ,

ponents i, in the gas-phase.

Number of additional restrictions, in Section (2.2).

Number of solid species in the system.

Temperature of the system, °k.

Specific volume of solid.

Mcle fraction of CO or Hz.

Mole fraction of i-th species = ni/n.
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Greek
s s ¥+l 3 . .
A - Abbreviation for ( n - ), increase in total mole
numbers, as calculated by the method of steepest descent.
Ay - Abbreviation for increase in mole number of i-th specie
= (n’i+l - n? ), as caleulated by the method of steepest
descent.
6 - Specified 1imit of relative change in mole number, for

convergence criterion.
- Error allowed in following mass balance equation.

h - Atomic ratio of inert to oxygen in the system = znz/bB,
Tor CHON system.

A ~ Fraction of calculated travel, by the method of sieepest
descent, so that mole numbers are positive and free
energy is not increasing.

Py - Chemical potential of i~th specie.

P?sf4;; Chemical potential of i-th specie at 7° K6 in standard
1 state, referred to elements at T° K and 0° K respectively..

o, - Lagranglan multiplier associated with atomic balance fox
J J~th element.

e - Atomic ratio, 0/H in the system = bB/bE‘

Subseripts

i, 1 - For i-th or l-th species in the system; L < i, 1 < ¢.

i ~ For atomic species; 1 < j < m,

asB,y - Formula coefficients for any general specie, CaHﬁoyNe , in

and 6 the CHON system.

o - State at 0° K,

Superscripts

o] -~ To denote standard state.

¥, V+l- Number of iteration.
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ABSTRACT

The general technique of free energy minimizaticn has
been applied to hetercgeneous complex chemical equilibrium cal-
culation. This technique, with the method of steepest descent,
has been used to calculate gas-phase compositions in equilibrium
with solid carbon over the complete composition‘raage for the
system comprised of the elemenis carbon, hydrogen, oxygen, and
nitrogen. The calculations, executed on IBM 370/158 computer
with double precision, cover a range of temperatures irom 500 to
1500° K, pressures from 1 to 25 atm, 0/H elemental ratios from
0.001 to 1000, and N/O elemental ratics frem O to 20. Alsc,
carbon deposition boundaries are presented on triangular coordin-
ates in terms of atom per cent of the elements C, H, and O,

Under the conditions studied, nitrogen can be considered
ineft and the species of major interest are €, CO, 002. Hg; H?C,

CHQ, and N While the calculations were made with nitrogen as

X
inert,'these resuits can be applied to systems containing ¢, H,
and O plus any inert substances. The effect of gas-phase non-
ideality was studie& and found to be negligible. The carbon
deposition boundaries shift significantly by éhange of pressure
and amount of inert at intermediate temperatures, around 1000°K,
but the effect is found to be small at low as well asg at high
temperatures.

Because of the wide range of variables studied this work
should be useful for design purposes, for CHOI systemg, where the
guestion of carbon deposition is important, or where gau-phase

compositions in equilibrium with colid carbon are needed.



