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ABSTRACT

Vapor-liquid equilibria (VLE) behavior of hydroaen-containing mix-
tures which also contain nitrogen, caﬁhon- monoxide, and methane have
heen investiqated., The research work also encompassed -the design, con-
structioﬁ and testina of a new apparatus to improve the measurement of
VLE properties. In addition, the VLE values Froml literatuce were
analyzed and correlated to establish the femperature dependence of
binary interaction parameters which are useful for predicting multi-

component VLE values.

In Part A'of the presentation, the data on phase behavior and cri-
tical loeci of hinary,'.ternary, and quaternary hydrogen-containing
system§ are presented in the pressure-composition and/or temperature-
composition diaqraés. Mixtures of these compounds 'a;e of special
importance for desianing ‘and evaluating the performance AF coke oven
gas, and petroleum crackina and gas reforming plants.

The desiﬂﬁ, construction and operation of the new laboratory equip-
“Thent for measuring vapor-liquid equilibrium under high pressure and low
temperature are desqribed in Part B ofl the presentation. In this
design, upper pressure limit was increased to 340 atm (34473.65 Kéél\and
dead space was redﬁced to the volume of the needle valves of éhe

sampling lines.



The newly desiagned apparatus was used to measure the VLE properties
for hinary system nitroaen-carhon dioxide at 273.15 K. The experimental
results were found in qood agreement with those ohtained from the liter-
ature. In addition, the VLE properties of the binary nitrogen-methane
system at 169.9 K and the binary system methane-ethylene at 243.15 and
223.15 K were measured. The' experimental results of these bhinary
systems were successfully compared withlthose values calculated from the

equation of state of Ishikawa, Chung and Lu (ICL).

The TICL equation was used to correlate and to predict the VLE
values of mixtures containing hydrogen,. nitroaen, carhon monoxide and
methane at high pressures and Jow temperatures. RBinary interaction
coefficients descrihing the hehavior of mixture of these constituents,
- Cijv were established using the ICL FEquation from binary experimental
data availahle‘in the literature. A total of 553 data points taken at
84 isotherms was selected in the determination. The calculated Cjj
values for each binary system were correlated linearly with tempera-
tures. These coefficients which were obtained from the correlations
were then used in the TCL Fquation to predict VLE values for three
hvdroqen-containina ternary systems,-hydroqen—nitrqqen—carhon monoxide,
hvdrogen-nitrogen-methane, and hydrogen-garbon monoxide-methane, and for
the quaternary s;stem hydroqen;nitroqen-carbon monox ide-methane for a

total of 12 isothermal conditions.

-



The calculated VLE values for the three hydrogen-containing ternary
- systems were also compared with those obtained from the modified Soave-
Redlich-Kwonqg (SRK) equation. In addition, thé calculated VLE composi-
tions for thg guaternary system at three isotherms usinq-}he Leé—KesIer
corre}ation as applied by Plocker et al. were also compared with the

experimental data and with those obtained from the ICL and the modified

SRK equations.
: -}

.

Tt was found that the ICL equation and thé modified SRK equatio?
are adequate for predicting phase equilibrium properties as Iintended.
Furthermore, the IéL and the modified SRK equations, and the method of
Plocker éf al. are all suitable for representing the VLE properties of
the quaterna%y system hydroaen-nitrogen-carbon monoxide-methane at
103.15, 93.15 and 77.35 K. For the sake of simplicity, the ICL and the

- r

modified SRK equaticns are recommended for this guaternary system.
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PART A

VAPOR LIQUID EQUILIBRIA FOR HYDROGEN-CONTAINING MIXTURES



CHAPTER 1

INTRODUCTION

\

"Vapor-liquid equilibrium data for mixtures containing hydrogen,
nitrogen, carbon monoxide, methane ‘are of‘particular interest to the
purification of coke-ovéﬁ‘gaé (COG) plants.

The phase behavior aqd probable critical loci of binary, ternary
and quaternary mixtures of these components—=fdve not been thoroughly
studied. Some of the critical loci for hydrogen containing binary and
ternary system are neither ayreeable nor complete in current literatuge
(1,6,71,72,82,101-105) . - For example, information pertinent to critical
pointé for binary systems hydrogen-nitrogen and hydrogen-carbon monoxide
in the temperature range from 77.35 to 103.15 K are limited and soﬁé of
these are not evidently available in public domain. Thus, a furthér
investigation of PVT relations including determination of probagle
critical loci, and understanding of phase behavier for these major
components of COG mixtures are needed.

VLE data available in the literature for mixtures containing
hydrogen, nitrogen, carbon monoxide and methane have been studied and
reported in Table I-1. Information required for the design of COG
plants are not completely 4vailable in the literature. For example,
experimental VLE values of the ternary system hydrogen-carbon monﬁxide—

methane cannot be found in the literature at the region or vicinity of

the critical point.
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It 4s interesting to note that the only available information for
the duaternary system hydrogen-nitrogen-carbon monoxide-methane in the
literature 1is an abstract translated from Russian which appeared in
1954 (87). Thérefore, characterization of the quaternary system is of

great interest, and is highly valuable for the desian of COG plants.

There are numerous equations of state (3, 5, 9, 10, 14, 19, 21,

. 24-26, 29, 30, 37, 38, 45, 47-49, S4, S6, 59-61, 65, &8, &9, 74-76, 79,

80, 84-86, 90, 95, 96, 99, 108) availahle in the literature for calcu-
lating VLE wvalues at high pressures and low temperatures. It is of
importance to select the most suitable equation for representing VLE
behavoir of mixtures because equations of state provide the only way to
calculate the properties of compounds that are supercritical, subcooled,
at conditions of interest. Excellent results can be obtained if the
required binary interaction coefficients for the selected equation are
available. In this study, the recently proposed Ishikawa-Chung-Lu (ICL)
equation (37, 38, 49) was chosen for predicting VLE values at cryogenic
conditions, because this eqguation héd been found to be most suitable for
represent ing the vapor-liguid equilibria of the hy@roqen—containinq mi x -
tures. For the purpose of comparison, two recently revised equations of
state, the modified Soave-Redlich-Kwong (SRK) equation (24) and the
modified Benedict-Webh-Rubin  (RWR) equation (61), were also used for VLE

caleulations in this study.

Although the two parameters of the ICL equation for pure component
have been. established and generalized for a number of nonpolar com-

pounds (36-38), the inature of binary interaction coefficients of the



™

correlated with temperature. The temperature dependence of these
coefficients has not been well established in the .literature. For
example, Graboski et al. (24) and Plocker et al. (61) considered these
coefficients insensitive to the temperature change. On the other hand,
Kato et al. (41) considered these coefficients temperature dépendent.
For this reason, the binary interaction coefficients of the ICL equation
and the temperature dependence of these coefficients were investigated

in this study.



CHAPTER TI1

THEQRETICAL CONSIDERATIONS

The thermodynamic relationships required in the developmegt of
formulas for predicti?q VLE properties are 'aiscussed. “ Equa;ions of
state which are used in{‘éhis investication and the history of their
dévelopment are briefly presented iﬁ this chaptér.

£

TI-A. THERMODYNAMIC RELATIONSHIPS USED IN PREDICTING VLE PROPERTIES BY

MEANS OF AN EQUATION OF STATE

When a liquid mixture is in equilibrium with a ;apor, the pér
meters of interest are thé pressure, temperature, and the equilifirium
compositions of both phgses. Meglecting the .surface, éravitational,
magnetic, and other field effécts, conditions under which thermodynamic

equilibrium for each component i in the mixture can be achieved are:

Y | g (11-1)

pL - pV (TE=2)

il = piV P2 1,2,0000 00N ' (11-3) ‘ ;
or il = 7V ” (11-4)

where L, V, T, P, uj, ?i, and. N are the liquid phase, vapor phase,

system temperature; fotal pressure, emical potential of component i,

fugacity of component i in the soluti
~

in the mixtﬁre, respectively.

, and total numher of components
A



In a homoqeneougybhase, the chemical potential of component i is
defined as:

s

pp =
St Bni

)T,P,ns (11

where the G is the total Gibhs free energy of the mixture. The

quantities ni and nj (i#j) are the numbers of moles of components i

and j in the mixture, respectively.

Let u; be the chemical potential of the component i in a gas mix-

ture at temperature T and pressure P. For the component i of the aqas

mixture, the fugacity ?i is defined.by the following relations in

which pi® is a function of temperature only:

Wi = ui® + RT In Ty  (11-6)

fi/viP + 1 as P+ 0 o (11-7)

The fugacity of component i in the gas mixture depends on temperature,

-

pressure, and composition of that mixture.

The fugacity coefficient of component i in an imperfect gas mixture

is defined hy:

S

R ~
B; = — (11-8)
yiP
The ratio f5/yjP is .a dimensionless  qgroup. For a imperfect pure

nas, Equation (IT1-8) bhecomes § = f/P.



The.equation used for determining ©; (62) is qgiven by:

in 9 1 e Tl (11-9)
n j = — —_— T — d -
YORT any TN TP
L or
1 }) 1 m(( - ) il ) dv - 1In 7 (L1-10)
nf: o= .- — - 1In Z -
PORT Uy any VN Ty

where V is the total volume of the oas mixture, and Z is the compres-
sihility factor of the gas mixture at T and P. Since most equations of

state are explicit in pressure, Fquation (ITI-10) is more convenient to

use.

The fugacity coefficient of component i in a mixture can be calcu-
lated from Equation (IT-9) or (T7-10) if sufficient volumetric data are
available. Since such data are generally not available, especially for
multi-component systems, calculations of fugacity coefficlents are most
often performed by an equation of state:

S~

For data reduction, it is also desirable to represent the experi-
mentally determined VLE values hy a suitahle equation of state. All the

equations mentioned in the next section have bheen widely used for such

calculations.
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IT-8. FEQUATIONS OF STATF

ol

Numerous equations of state have beerd proposed in the literature.
In this section, an attempt is made to describe the equations which are
most suitable for representing the results of this investigation. His-

tortcal development of some important equations of state are also hrief-

ly presented.

II-B1. Vvan der Waals Fquation of State

In 1873, Van der Waals (90) proposed the following equation of

state:
RT" A :
po= - (IT-11)

2

v=b v

. ap sz
"Using the relationship ( — )}y = 0 and ( — )y_ = 0 at the
av  © w2 °

critical point, one can express the guantities a and b in terms of Po

and &, as follows:

Rl 2
. 27R%T
a=__ < . (17-12)
64P .
RT
h = < . (IT-13)
8P, |

The equation can be reduced to the ideal gas expression if both a and b
are set equal to zero. The first term of the right-hand side of Fqua-
tion (TI-11) accounts for the repulsive forces among molecules. The

term a/v2 represents the attractive forces. This volume-cubic
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equation is capable of representing both vapor and liguid behavior

though it is inaccurate over extended temperature ranges.

. Equation (II-11) can be rewritten as:

2
. MR onrta (1I-14)
V-nyb v |

where v = V/n71 and n7 is the total number of moles.

To' calculate the fugacity of'component 1 in the mixture at given
temperature, pressure, and . composition, Equation - (II-14) is

differentiated with respect to nj.

3(nTb)
RT(——) 2
ap KT T anj 1 3(n7%a)
(—) gy ps = 4 — — ——— (I1-15)
ang 7™ yongb (V-ntb) v anj

Substituting Equation (II-15) into Equation (II-10) gives:

-~

f. V_n b b H a(n b) 1 w
RT In ( =) = RY In — 921 " ppy &0
yil % Vv T anj (V-n7b) |y

- RT In Z. © (1I-16)

3 (el 1 7=
. (ny°a) | ]

anj v Vv
At the upper limit of integration, where V + =,

V-nb 1 1
+ 0, + 0, — + 0, (II-17)

In '
v V-ntb v

Equation (II-16) becomes

fi ©3(nyb) i
RT In —— = RT In + n_RT { )
yiP V-ntb T anj V-nyb

( B(nTza) 1

Tt ) _ _ W In 7. (1I-18)
anji v



or
- 2/ay I yi Yaj
~ fi _ v bi i ot
In Pi= In = In— - - - - In Z (II-19)
yiP v-b v-b vRT

Equation (II-19) which was derived from rigorous thermodynaniic relations
gives the desired result. For a mixture, the quantities a and b are

expressed as:
Yivyjaij (11-20}

b= I  yibj ' (11-21)
1

where a is the averaoe strenath oé attraction hetween all molecular
pairs and b is the average volume -of all molecules in the migture.
ajj is a measure of the strenath of attraction hetween a molecule i
and a molecule j, Unfortunately, current molecular theory is
insufficient to predict the properties of mixtures. For i#i, Berthelot
(63) sugaested, on strictly empirical grounds that ajj could be

obtained from the aeometric mean of aj and aj,

aij = 7ajaj (I1-22}

Equation (II-19) indicates that the fugacity of a component in the
mixture at a given temperature, pressure, and composition, the constants
a and b could be calculated using the mixing rules qiven by Fquations
(11-26), (IT-21), and (I1-22). In practice, the fugacities of the

mixture are calculated by first obtaining the fuaacity coefficients.

A

Fer instance, FiL Is a function of x;, P, and T, and fiV is a

function of yj, P, and T. From Equation (II-14}, the molar volume v



of the mixture can he obtained by a trial-and-error method. Once the
molar volume is known, the compressibility factor 7 is easily calculated

and the fugacity is readily found from fquation (II1-19).

11-B2. Virial Equation of State

The virial equation of state has been proposed for gases and has
been explained with the help of the molecular theory. The
compressibility factor, Z, of a gas can be expressed by an infinite
series using either reciprocal molar volume, 1/v, or pressure, P, as the

independent variable. The leiden form gives:

Pv B C

+

Foueea (11-23)
RT v v2

The term B/v accounts interactions between pairs of molecules; the C/v2

term accounts three-hody interactions; étc. Since two-body interactions
9

are many times more common than three-body interactions, and threeﬁgody

interactions are many times more common than four-body interactions,

etc., the contributions to 7/ or successively higher-ordered terms fall

off rapidly. 1In general practice, only the first three terms of the

Fquation (I1I-23) is used and the remaining terms are truncated at low

and moderate pressures.

For an imperfect gas mixture of N components, virial coefficients

of the mixture are defined as:
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f;
{ B = £ I yjyiBij (11-24)
i
M=% E E yiyiyeCis (I1-25)
M i3 K JYLYJYK ijk

where By and Cy are the second and third Virial coefficients of the
mixture, respectively. Bjj and Cjjk are the cross Virial coeffi-

.
cients.

The fugacity coefficient for a component i in a mixture can be
obtained for using a similar approach as described for the van der Waals

equation:

Yj¥kCijk - In Zy  (11-26)

Inp; =2 % yiBij + 21 I
v 2 J ~

£ T
J=1 =1 k=1
In equation (II-26}, the summations are over all components in the

mixture.

I1-b3. Benedict-Webb-Rubin Equation of State and Its Modifications

In 1928, Beattie and Bridgeman (3) proposed a complicated equation
of state having five adjustable parameters. The Beattie and Bridgeman
equation fits experimental data for most gases above the critical tem-
perature but hecomes unreliable in the viéinity of the critical point or
in the co-existent region. Benedict et al.(5) thus developed a modifi-
cation to this equgtion. The new equation known as the Benedict-Webb-
Rubin (BWR) equation of\state has eight constants and is expressed as

Equation (II-27).
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RT BoRT-Ag-Co/ T2 bRT-a aa
P = + + — +
2 3 6
A% v v A
Y -
+ (1 + — ) exp — (11-27)
V3 T2 V2' V2

where A,, By, Cy, a,b,c,a, and Y are constants for a given fluid.
In spite of its complexity, this equation has a number of applications
in industry because of its greater overall accuracy. It is aléo the
first expression which successfully predicts the vapor pressure and

thermodynamic properties of the coexisting phases in. pure fluids.

A number of modifications (21, 56, 79, 80, 84) had been proposed
following the success of the original BWR equation. One was developed-

by Lee and Kesler (45) as shown below:

Prvp I C D Cy Y

y
7 = =1 + — + 7t =Tt =3 (B +: 2)exp(- "_5) (11-28)
RT Ve Vp Ve Tpovp vy Ve
. ) 2 3
with B = by - bz/Tp - by/Tp® - by /Ty
3
C=c - cp/Tp + c3/Tp
D = d; + dp/fTp

where by, by, b3, by, ¢y, ¢2, c3, ¢y, dy, dy, B, and Y are constants.

While tested primarily on hydrocarbon components in the reduced
temperature ranges of 0.3 to &4 and in the reduced pressure ranges of 0

to 10, average errors were reported to be less than two percent for both

vapor, and liquid phases.
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In 1978, Plocker et al. (61) combined into the Lee-Kesler (&5)
form of the BWR equation (S5) some empirical formulas of Prausnitz and-:

co-workers (61,63). The new proposed mixing rules were given hy:

1
TeM = I T yjvkveik Tejk (11-29)
, VCMn J k J .T .]
VeM = E YiYkVeijk (11-30)
o=
Wy = 2;: yijws (111-31)
Teik = (TeiTe)? "3 kik (11-32)
1 1/3 1/3)3
veik = = (vej + vek 1) (I1-33)

8

where vo is the molar critical volume, kjx is an adjustable binary
parameter, characteristic of the binary mixture. The pseudo-ecritical

pressure was reported as:
PeM = (0.2905 - 0.085wpM) RTeM/veM ) (TI-34)

The bhinary interaction coefficients, kjk, depends on bhinary

system only.

For phase equilibrium calculations, the fugacity coefficient of

the ith component in a mixture, liquid or vapor, can be calculated from:

1 Ahy dTeM,y
T R L. Zj (—= Z)
T ReTom §%1 dz

In @ = 1In Py -
L1 5 (dpcM) ,
Pe  §*i 7 dzz K

31nPy dw £
- ( ) Loz (M, (kwoq,f ¥IT-35)
sopy TePe g#p dz; “k ’?




with
(aln@M)T o = T Lngy) () - (ingy)(O) (I1-36)
awM r'r m(r)
dT '
(=&, = [2 2 21 (v Terj - veli® Teli)
S : -
d .
- nVCMn'l { Y?M)Zk TCHJ/VCMn .(11-37)
i
(Wely = 21 z' (Veli - veri)  (11-38)
de Zp 1 1 clj cli
dp az L
(eMy . s pal (BLeMye sy
iz, FATSN 0z, ! feh
! o ety sTay - (e, v | (11-39)
z dz‘-J
&
(Lhaty, = - .05 (2, (11-40)
dzj dzj K
(emy (1I-41)
M - W i,
'de “k J t

ot

In Equation (I1I-3%) to (II-41), subscript k is not equal to i or j.
¢
A special procedure 1is required for calculating Ahy/RToq and
Ilndy. The quantity ian is a function of Tp, Pp, and wy, and
Ahy is the residual enthalpy of the mixture. The quantity zj refers
to the mole fraction of component i either in the liquid phase or in the
vapor ‘phase. The calculation procedure for the liquid phase is

identical to that of the vapor phase.

(

gy

b
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II-B4. Redlich-Kwong Equation of State and Its Modifications

A two-constant equation of state, which effectively modified the
van der Waals equation and widely used for engineering calculations, was

proposed by Redlich and Kwong in 1949 (65) as:

RT a
P - - (11-42)
v-h T1/2v(v+h)
with
2 2.5
QRS T
a=-_ 2 © (IT-43)
PC
QR T
p oo bt e (1T-04)
PC

Redlich and Kwona proposed the universal constants 0.42748 and 0.08664
for 5 and %y, respectivel;. Chueh and Prausnitz (14) showed that
the Redlich-Kwong equation predicts more acceptable values of density
when the values of Q45 and R are established from data. Later,
fudkevitch and Joffe (108}, Chang and Lu (11) and Hamam and Lu (29)

showed that @5 and @ vary with the temperature.

To apply Equation (IT-42) to mixtures, Redlich and Kwong used the

same mixing rules as those of van der Waals.

The fugacity coefficient of component i in each phase of the

mixture (&2) is:

- Lo Yiaij
In @5 = 1In A bi JZB/Z v+b
— v-h  v-h RT>/<b v ’
(_) -\\ b
} ahi v+b b °
, v (ln g - Yy - 1In 7 {(11-45)
N RT3/2 b? v vib
\ ,



II-B4a. Soave Redlich-Kwong Equatioﬁ‘?f State

Modifications to the Redlich-Kwong equation were made and appeared
in the literature for many vears. Soave (78) proposed a simplification
to the rigorous procedures of Zudkeviteh and Joffe (108), and Chang and

Lu (11}. The equation: hecomes:

RT a(T)
P = - (11-46)
v-h v(v+h)
with
a(T) = aa (11-47)
a = Q8%1.% /P (TT-48)
b = QuRT/Pe (T1-49)
For hydrocarhons
a = (1+m (1-T.0"5))2 (11-50) '
m = 0.480 + 1.570 - 0.1760° o (I1-51)

The Redlich-Kwong equation was modified by replacing the expression
a/T% % with a wmore general temperature-dependent term a(T). In
equgtion (11:47), a is an energy constant. The quantity a depends on
temperature and varies with substances as shown in equation {JT-50) and
equation (TIT-51). Constants 2, and Qf have the same values as those

of the ofiqinal RK equation. w is the acentric factor.

For mixtures of nonpolar fluids, such as hydrocarbons, nitrogen and

carbon monoxide, a generalized mixing rule was adopted:

aa

I
-
e M3

Yivi®ijaij (11-52)

=1 =1
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g
Rt

n
h = L Yibi {11-53)
J

j=1
Hence

ajjaij = (aiaiajaj)1/2 (1-Ci 1) (11-54)

The quantity Cij is the interaction coefficient as described by Chueh
and Prausnitz (14). It corrects the deviation of ajj from the
geometric mean. Values of Cjj are determined from experimentally
measured data for binary mixturet,  For hydrocarbons, Soave suggested

that the value of Cj; should be set equal to zero.

Based on the Soave-Redlich-Kwong equafion of state, the fugacity

coefficient of component i in a mixture, @;, is qiven by:

7

13

yiaisa;gs
by JULIOhY

b

=1

in i = 2L (7-1) - In(z-B) -

F| =

a
hi B

- — In (1 + =) (11-55)
b 7 s :

where bj is the volume constant of component i, ajjaji is given hy

Fauation (11-54). Furthermore,

aaP

A = (11-56)
RZTZ
hp

B = - {11-57)
RT :

and 7 is the compressibility factor.

Graboski and Daubert (24) modified the Soave Redlich-Kwong equation

in 1978. For all fluids except hydrogen, the Equation (II-51) was



P aind
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revised as:
m = 0,48508 + 1.5517 1w - 0.15613m2 (11-58)

For hydrogen component, a-new Fquation (T11-59) was derived:

ap, = 1.202 exp (-0.30228 T. n,) ' (11-59)
where -

~

Tr,HZ = T/TC,H2 = reduced temperature of hydrogen (11-60)

The binary interaction coefficients were used to improve the phase
equilibriun predictions for systems containing H,S, C0,, Ny, CO, S0, or

Hy 0. For hydrocarbon mixtures, Soave suagested that Cii values were

set equal to zero. Graboski et al. found that this approximation was

reasonable and used it gvapor-liquid equilibrium calculations for

hydrocarbon mixtures. - Yh y also suqoested that Cij values for binary

mixtures containing hydragen and other components should be set equal to

Zero.

17I-B4b. Peng-Robinson Equation of State

Another modification bf'Redlich-Kwong.eqqation was made by Pena and
nL

Robinsan (60) in 1976:

RT a(T)

P - - ~-61
v-h v(v+b)+b(v—;*§ ' (11 )

Ll

in which

a(T) = a(Tg) alTp,w) " (11-62)
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. alTo) = 0.45724 RPT2/Pg (I1-63)

b

b(Te) = 0.07780 RTg/Pg (I1-64)

For all substances,

0.5))2

a (11-65)

K

0.37464 + 1.54226w - 0.26992w° (1I-66)
Although Equations (II-65) and (II-66) are similar to Equations
(II-50), (II-51) and (I11-58), they were derived from different

conditions.

For mixtures, the mixing rules are given by

~

r
a = all) = j jvyivjaij (11-67)
S : ‘ :
, b = § yibj ‘ . (II-68)
where -
ajj = (1-Ciy) (aiaj)1/2 : (11-69)

Fquations (II-67) to (II-69) are the same as those used by Soave (1972)

for the SRK equation, except the definition of a and ajj-

The fugacity coefficient of component i in the wvapor phase of a

mixture can -be obtained from Equation (II-70}.

in 9 = 28 (z-1) - n(z-B) - A . | ;

b 2V2 B

) :
(2 k Yk @i _ Ei) 1n (Z+2.41QB)
a b Z-0.4148B

(11-70)
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where
A = aP/R?T? (T1-71)
B = bP/RT (11-72)
7 = Pv/RT (11-73)

This two-parameter cubic equation can he used to accurately predict
the wvapor pressure of pure substances and the equilibrium ratio of

mixtures for nonpolar fluids.

T1-B5. TIshikawa-Chung-Lu Equation of State’

The fWo—paramefer cubic equation of state proposed by Ishikawa et
al. (36—38) in A1980 could represent properties of vapor-liquid
cquilibrium for multicomponent system containing hydrogen. It combines
the hard-sphere compressibility factor of Scott (74) and the empirical

attrattive term of the Redlich-Kwong equation of state (65):

RT 2v+h a
LR - TS (TT-?&)
v .7?v=-h T *7v(v+h)

The aquantities a and b are related to the critical propertiés as

follows:
Te2 2P (11-75)

a = 4R

= QpR TelPe o (11-76)

-n
|

The pure-component parameters Q4 and 2 are considered temperature

dependent as well as substance dependent. The generalized correlations
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developed by Ishikawa et al (36,37) were used in this study. For
nitrogen, carbon monoxide, and methane, the values of i; were obtained

by the following equation:

Qa,i = (aj,Ar + B}wi) Tri_j (11-77)

'
i M

=0

The following values of aj Ay and Bj were proposed by Ishikawa et
al. (36):
ag,Ar = 0.351908

@] ,Ar = 0.183860

ap Ar = -0.066362 : (11-78)
By = -0.851174
By = 1.001033
By = -0.222659 _ (I1-79)

and the values of {, were calculated by the following equation:

1

Qi = 0.034 - 0.025w + 0.1 Tp. ™' - 0.025 Ty, % (I1-80)

For hydrogen, the values of Q5 and &, were obtained from

Equations (I1-81) and (II-82), respectively:

[}

2a,H, = 0.503476 - 0.008760 Tr=! _ p.028115 Tp-2

(11-81)

p,H, = 0.700276 - 0.0233989 Tpl | 0.032129 Tp-2 (11.g2)

The values of the acentric factor, w, used In the calculation are

0.0000, 0.0400, 0.0490, and 0.0072 for hydrogen, nitrogen, carbon

monoxide, and methane, respectively (58,62).

2
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In applying Fquation (TI-74) to phase equilibrium calculations,

mixing rules used for gas mixtures are the same as Fquations (TI-67) to

(17-69).

The fugacity coefficient of a component i in the 'vapor phase,

-~

#;v, is given by:

m
' - 2L ylkagki
~ Y . _
n 8V = 1n (5 = 2P syn(r < bmy k=1 tn (¥+bm)
yiP  2v-bp v RT!*Sp v
amhi vibp bn
¢ —— [ln ) - 1 - InZ (11-83)

R *Sh2, v vibg

The same equations can be applied to calculate the liquid fugacity coef-

ficient (ﬂii = FillxiP) by replaciﬁd y in Equation (IT-83) with x.

TT-C. EQUATTONS OF STATE USED TH THIS INVESTIGATIOM

Iﬁ this study, thé ICL equation was selected because it has the

following advantages:

L -

I Tt keeps the simplicity of a two-constant cuhic'equation.

7. Tt can represent VLE wvalues for multicomponent system containing
hydrogen and normal fluid.

3. It can be wused to accurately predict vapor pressure of pure
substances and equilibrium ratios for cohponents in mixtures at low
témperatures.and high density regions.

4, It can he easily applied to the calculation and prediction of VLE
values hepause the values of &, and Q4 are already correlated

as a function of temperature and substance.
d



5. It gives accurate results for hydrogen containing systems hecause
the binary interaction coefficients, Ciz, are considered to he

temperature dependent.

Both the modified Redlich-Kwong equétion (25, 48, 59, 76, 168) and
the modified Benedict-Webb-Rubin equation (7, 16, 18, 46) have bheen
widely applied in the Ca]éulation of vapor-liquid equilibria at high-
pressures and low temperatures. The modified BWR equation proposed by
Lee and Kesler as épplied by Plocker et al. {(61) and the modified
Soave-RBK equation advanced hy Graboski and Daubert (24) are selected for
the purpose of comparison with the Tshikawa-Chung-Lu equation.

For the aquaternary system hydrogen-nitrogen-carbon monoxide-
methane, calculated wvalues at the three temperatureé are compared
aqainst the experimental data. The predicted values by the modified SRK
method (24) for the three ternaries of hydrogen, those with nitrogen,
carbhon monoxide and methane, at three isothermal conditions are com-

pared in Tabhle T1-9 with those calculated by the TCL equation.
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CHAPTER ITT

RESULTS AND DISCUSSION

The results of Part A of this study may be summarized and discussed

in three parts as follows:

TIT-A. PHASE BEHAVIOR FOR HYDROGEM-COMTATMING SYSTFHMS

~ .
Available VLE data for systems containing hydrogen reported in the

literature are listed in Table I-1. These‘data were studied and used to
construct nine isothermal and twelve isobaric diaqgrams for the three
hydrogen-containing ternary systems: hydrogen-nitrogen-methane,
hydrogen-nitrogen-carbon monoxide  and hydfgain—carhon monoxide-methane
shnwp in Figures .TII-1 and TIT-2. TIn addition, the data reported by
Akcfs and Fubanks (1) and Yorizane et al. (104).on the binary system
hydrogen-carbon monoxide and the data reported by Streett and Calado
(82) and Yorizane et al. (102) onrthe binary system hydrogen-nitrogen
were wused in estim@tiﬁg‘ the binary critical pobﬂ?s as depicted in
Fiqures I1I-3 to II[—?; These binary critical points are also indicated
in Figures TTI-1 and ITT-Zl The nine isothermal diagrams of TFiqure
ITI-T were then used to construct the temperature—composiﬁion diagrams
for these three ternary systems at 125 atm, with the temperature varyving
from 7&.35 to 103.15 K as shpwn in Figure TII-6. The twelve isobaric
diagrams of Fiqurc [II-2 were used fo construct the pressure-composition
diagrams at 93.15 K, with pressure varying from 75 t0.150 atm, as shown

in Figure [II-7.
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Equilibrium vapor and liquid compositions are presented in these

3 &

diagrams together with the estimated hinary critical points and the

ternary critical loci.

It can be seen from Fiqures TII-1 to III-5 that binary critical
points have been measured in the systems hydrogen-nitroqgen and hydrogen-
carbon monoxide in the pressure range between 100 and 150 atm and the
temperature range between 103,15 and 93.15 K. Ternary critical points
have also been established in a]& three hydrogen containinq. ternary
systems. In the hydrogen-nitrogen-carbon monoxide system, the probable
location of the ternary critical locus which passes fhrouqh the hingry
eritical points in the temperature and pressure region ment i oned above,

~is illustrated in Figures T111-1, TII-2, TII-é and T11-7. Binary criti-
cal points for the hydrogen-methane system have also heen established,
but at temperature and pressures higher than those depictéd in Figures
[TT-1 to TIITI-7. Nevertheless, the prqbable ternary critical locus for
the ternary system hyg;oqen-nitroqen—methane is indicated in these
figures. 1In Figure TI1I-2, it Is also shown that there is a tendency for
the ternary critical loci of the systems hydroqen—nitroqeﬂ—methane and

hydrogen-carbon monoxide-methane to spread out as the system pressure

decreases.

As shown in Fiqure TII-1 to III-6, the phase behavior of these
systems [s inevitably affected by the conditions (P, T, x and y) of

critical points. These observations are discussed below:

/
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For the ternary system hydrogen-nitrogen-carbon monoxide and in the
intermediate region of the ternary critical locus between' the two
binary critical points, the shape of the ternary bubble-peoint and
dew-point curve is strongly influenced by the presence of binary
critical points. The appearance and disappearanc? of ternary
critical points are very sensitive to small changes in temperature
and pressure.

In the viéinity of a binary critical point, the slopes of the tie
lines are affected by the presence-of the critical poeints, thus
influencing the position of the ternary cfitical points.

In the temperature and pressure region away from the binary criti-
cal points, the influence of the critical points on the phase
behavior of- ternary mixtures is small but not necessarily
negligible. For example, the curvature of the bubble-point curves
for the ternary system hydrogen-nitrogen-carbon dioxide is affected
from 150 atm down to 50 atm at 77.35 K, as shown in Figure III-1.
Howe#er, this influence disappears for this system around 20 atm as

shown graphically by Ruhemann and Zinn (71).

The phase behavior of the ternary system hydrogen-nitrogen-methane

is very similar to that of the ternary system hydrogen-carbon monoxide-

methane in the temperature and pressure ranges considered in this

study. This observation can be attributed by the similarity in the

critical properties of nitrogen and carbon monoxide, which are very

close to each other. 0

w0
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It is also observed that in the temperature range considered, the

solubility of hydrogen in liquid mixtures increases with the increase of

temperature,

For the two ternary systems containing methane, the lack of data in
the methane rich region at 77.35 K is due to the difficulties encoun-

tered in sampling. Liquid solutions are pactially solidified at this

low temperature.

In addition, phase behavior for the quatefnary system hydrogen-
nitrogen—carbon monoxide-metha is shown in a three dimensional
triangular pyramid in Figure III-8. Estimated critical loci of the
quaternary system at 150 atm and three isothermal conditions are also

indicated in this figure.

I1I-B. BINARY INTERACTION COEFFICIENTS FOR VLE CALCULATIONS AT LOW

TEMPERATURES

I11-81.  Evaluation of C;j Values '

The binary interaction coefficients, Cij, are needed f&r using -
the ICL equation of stéte to calculate VLE values. The optimuﬁ value of
Cij for a binary system at ; specific temperature was obtained by
minimizing the difference between the calculated and experimental-values
of equilibrium liquid phase composition. &ix binary systems were con-
sidered for the mixtures containing hydrogen, nitrogen, cérbon‘ﬁbnaiide,

and methane at cryogenic temperatures. The binary interaction .coeffi-
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—+— QUARTERNARY CRITICAL LOCUS
~<— TIE LINE OF TERNARY SYSTEM

FIGURE TI1-8: CRITICAL POINTS AND CRITICAL LOCI OF THE TERNARY  AND

QUATERNARY SYSTEMS CONTAINING Haz, Nz, CO AND CHy AT
150 atm ‘ -
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cients for these systems have been determined using a total of 553 data
points from 84. isotherms. The Cjj values thus obtained together with
the average absolute deviations hetween the experimental and calculated

equilibrium compositions are reported in Table III-1.

TTI-B2. Correlation of Ci; Values

It was observed that the Cij values obtained for the six binary
systems varied with temperature. Furthermore, the numerical values of
Cij depended on the data source, Therefore all the Cjj wvalues
obtained were then plotted against temperature as shown in Fiqure TII-9,
and a linear regression analysis was made to correlate the Cij values

e
At

with temperature. The equation obtained is:
Cij = £+ mT . (II1-1)

The results of the regression analysis are listed in Table III-2 and
also plotted in Fiqure TII-9. 1In the temperature range studied, the
' Ci; values for mixtures containing hydrogen decrease with increasing
temperature. furthermore, negative C{j values ére obtained for the
hydrogen-containing mixtures. for the other three binary systems, the
Ci; values increase with increasing temperature and they are
positive. The values obtained for the coefficients £ and m of Equation
{11-1 are reported in Table TIII-?2. 1In addition, the average absolute
deviations bhetween the calculated and. correlated Cij values are also

included in this table.-



Table 111-1 Correlation of VLE Data for Six Binary Systems

System T,K M C12 |ax]av |8y |av Ref.
Hydrogen-Nitrogen  70.35 12 -0.0112  0.0223  0.0422 = 82
77.55 12 -0.0237  0.0160  0.0216 82
83.15 L 4 -0.0408  0.0068  0.0153 — 1
§3.67 5 -0.0609  0.009¢  0.0593 82
88.15 8 -0.0631  0.0114  0.0168 102
20.03 8 -0.0272 0.0017 0.0008 50
°0.79 10 -0.0586  0.0185  0.0204 82
95.00 ¥'3 -0.0485  0.0011  0.0010 50
99.82 5 -0.0635  0.0076  0.0211 1
100.00 10 -0.0641  0.0156 _ 0.0281 82
110.30 10 -0.0738  0.0103  0.0193 82
Hydrogen-Carbon 77.35 6 -0.0101 0.0099 0.0105 104
Monoxide  83.15 . 4  -0.0246  0.0040  0.0104 1
99.62 5 -0.0625 - 0.0066  0.0098 1
103.15 3 -0.0850  0.0030  0.029% 104

122.06 2 -0.0986  0.0014  0.0192 1
123.15 2 -0.1499  0.0226  0.039%% 104
‘Hydrogen-Methane 90.72 ¢ -0.067%  0.0007  0.0007 43
93.1% 3 =0.0280 . 0.0087  0.0075 100
103.07 5 -0.0925  0.0002  ©.0010 43
103.15 5 -0.0922  0.0060  0.0076 100
TT03.15 5 -0.1266  0.0023  0.0083 72
109,99 7 -0.1095  0.0004  0.0013 43
116.48 4 -0.1656  0.0313  0.0052 6
116.51 -6 -0.1208  0.0008  0.0017 43
123,15 "6 -0.1272  0.0006  0.0210 72
123.15 4 -0.1486  0.0038  0.0274 100
143.05 6  -0.1653  0.0015  0.0088 72
3,15 5 -0.0873  0.0117  0.0308 100
4,26 5 -0.217¢  0.0245  0.0147 6
163.15 4 -0.2126  0.0171  0.0398 100
172.04 & -0.1112  0.0015  0.0081 6
172,05 . 2 -0.2491-  0.0047  0.0139 72
"173.65 9 -0.2132  0.0067  0.0172 . 72
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Table ITI-1 (continued) 4
System T,K N Cio 'Ax‘av 'Aylav Ref.
Nitrogen-Carbon 70.00 &4 0.0007  0.0277  0.027° 106
Monoxide  75.00 & 0.0027  0.0178  0.0176 106
79,20 4 0.0046  0.0206  0.0277 106
83.82 o 0.0153  0.0268  0.0355 78
°0.10 6 0.0157  0.0306  0.0411 106
96.70 6 Z0.0006 0.0421 0.0428 106
100.00 7 0.0021  0.0182  0.0250 106
105.10 5 0.0185  0.0230  0.0362 106
110.00 10 0.0071  0.0092  0.0160 106
116.60 & 0.0074  0.0076  0.0137 106
121.80 3 0.0077  0.0021  0.0128 106
Nitrogen-Methane 90.67 o 0.0220  0.0086  0.0034 78"
91.65 4 0.0385  0.0019  0.0420 12
95,00 7 0.0404  0.0056  0.0008 4
97.15 4 0.0402  0.0028 - 0.0402 12
°9.82 11 0.0372  0.0073  0.0122 15
100.00 @ 0.0325  0.0030  0.0009 44
105.00 7 0.0448  0.0079  0.0005 4
105.15 4 0.0376 " 0.0014  0.0156 12
110,00 9 0.0645  _0.0072.  0.0009 44
110.93 14 0.0426  0.0067  0.0037 15
13.71 8 0.0555  0.0084  0.0020  ©7
1M4.57 4 0.0390  0.0002  0.0115 12
115.00 8 0.0533  0.0115  0.0028 44
120.00 8 0.0523  0.0112  0.0027 Lt
122,06 14 0.0468  0.0042  0.0062 15
122,04 11 0.0635  0.0123  0.0033 83
126.04 15 0.0513  0.0100  0.0067 15
127.52 1% 0.067¢  0.0080  0.0120 83
133.15 14 0.0493  0.003%  0.0095 15
138.46 9 0.053¢  0.007°  0.0095 83
144,26 12 0.0522  0.0056  0.0105 15
149,82 8 0.0575  0.0056  0.0059 A
160.93 12 0.0582  0.0020  0.0122 44
172.04 . 8 0.0702  0.0012  0.0056 44
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Table 111-1 (continued)
Systen / T,K N C, |8x] av |Ay’av Ref.
Nitrogen-Methane 177.52 10 . 0.0867 0.0017 0.
183.15 8 0.0995 0.000%
Carbon Monoxide- 20.67 o 0.0172 0.0078 0.
Methane 91.56 5 0.0351 0.0025 0.
o7.17 4 0-.0299 0.0026 ° 0.
105.18 5 0.0250  0.0085 0.
113.71 1 0.0210 0.0001 0.
114,48 5 " 0.0287 0.0056 0.
122.04 2 0.0404 0.00%0 0.
123.90 3 0.0303  0.0012 - 0.
130.37. 4 0.0382 0.003° 0.
138.71 1 0.0544 0.0000 0.
w426 5 0.0207  0.0043 0.
152 .59 1 0.0324 0.0000 0.
158.15 4 0.0298 0.0073 0.

I
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III-B3. Applicability of the Correlation

For testing the applicability of the propesed correlations, the
: /

: ‘ »
calculated equilibrium compositions are compared with the experimental

values for all the 2?3 data points oilxhe six binary systems studied in

Table A-1a to A-1f, in Appendix A.

The average absolute deviations obtained for 4Ax and Ay for the
systems hydrogen—nifrogen, hydrogen-carbon monoxide, hydrogen-methane,

~

nitregen-carbon monoxide, nitrogen—methane‘fand carbon monoxide and
methane are 0.0130, 0.0218; 0.0075, 0.0163; 0.0063, 0.0117; 0.0209,

0.0274; .0061; 0.0075; and 0.0052, 0.0214; respectively. These devia-

iGns are only slightly higher than those reported in Table III-1.

Hence the proposed correlations are considered acceptable.

An -attempt was made to compare the calculated results obtained from

the proposed correlations with those reported by Gray (25) fof the
.

binary systems hydrogen-methane and hydrogen-nitrogen using the same
literature data 5; listed in Table IL1-3. A summary of the comparison
for two systems, at nine isotherms is presented in Table III-4. Devia-
tions, obtained by nﬁnimiéing the absolute1difference betweeén experi-
mental and calculated equilibrium liquid compositions (IAxlmin) for
calculated methane equilibrium ratios, are lower than‘those reported by
Gray excépt_nitrogen component. For nifrogen, the deviations obtained
in this calculation are slightly higher than thase feported by Cray.

The obtained deviations for hydrogen from this work are lower than those

reported by Gray by a factor of 3.42 and 2.30 for the system hydrogen-

!

Q

&
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-methane and the system hydrogen-nitrogen, respectively. By the method
of minimizing the abhsolute difference between experimental and calcu-

) &
lated K values (lAKtlmin), the calculated deviations for hydrogen

from this work are lower than those reported by Gray (25) by a factor of

2.78 and 2.13 for the binary system hydrogen-methane and the binary
'

system hydrogen-nitrogen, respectively. ¢

The binary system hydrogen-methane (32) at ten isothermal condi- -
tions was chosen to compare thé difference between VLE compositions cal-
culated (by the TCL equation) by using the evaluated binary interaction
coefficients and those obtained by using correlated CHZ-CHH values as
represented by Fquation (ITT-1). The results are reported in Tables
A-2a and A-2b, in Appendix A. The absolute average deviations obtained
for &4x and Ay-.for the bhinary system are summarized in.Table ITI-5.

\

The numerical values qgiven in the parenthesis in Table TII-5
indiggted the numbér of data points which were convergent in the calcu-
lation. The total number of data points, N, are also indicateq in the
table. It was apparent that the difference hetween the results obtained
by using the evaluated Cij values and those obtained by the correlated
Cij; values .were insignificaﬁt although the number of convergent data
points by using the evaluated Ci; values in the calculation were

slightly lower.

In addition, the Cii values as represented by Equation (IIT-1)
are used to predict equilibrium compositions for three hydrogen-
“gontaining ternary systems for a total of ten isotherms. The calculated

/.

/
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VLE results for ternary hydrogen-nitrogen-carbon monoxide system at

three isotherms, hydrogen-nitrogen-methane system at one isotherm and

hydrogen-carbon monoxide-methane system at six isotherms are all shown

in Table B~1 in Appendix B. A brief summary of the satisfactory results

——

N

obtained is presented in Table II1I-6.

1II-C. CALCULATIUN AND PREDICTION OF VLE VALUES BY USING EQUATIONS

OF STATE

f -
III-C1. Hydrogen Containing Ternary Systems

The ICL equation was used to calculate and to predict vapor
compositions as well as xj and x; by fixed T, P and x3 for three
hydrogen containing systems hydrogen(1);nitrogen(Z)—carbon monoxide(3),
hydrogen(1)-nitrogen(2)-methane(3), and hydrogen(1)-carbon monoxide(2)-
methane(3) at three isotherms in.the pressure range from 75 atm to 150
atm (method 1). A comparison of experimental . and calculated VLE
compositions for these systems was made. The resuits are reported in
Table B-2 inE:ﬁppendix B. The values of Cij for the six constituent
binary systemg were determined using experimental values reported insthe
literature and correlated in terms of a linear function of temperature
as mentioned In section III;B. The Cjj values used in this étudy for

the ICL equation are reported in Table III-7.

For the purpose of comparison, the Redlich-Kwong equation as

modified by Soave (76) was also used for the same calculations.
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.
-

Table ITI-7 Values of Binary Interaction Coefficient for Mixtures

of Hydrogen(1), Nitrogen(2), Carbon Monoxide(3), and
Methane(4) Used in the ICL Method

Temp., K Ci2 SER Ciy Ca3 Cau Cyy
77.35 - -0.0307 -0.0104 -0.0473 0.0063 0.0276  0.0236
23,15 -0.0534  -0.0507  -0.0818  0.0078- 0.0352  0.0262
103.15 -0.0677  -0.0762  -0.0973  0.0088 0.0411 0.0278

~
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In the application of the Soave-RK equation, the method advanced by
Graboski and Daubert (24) (method 2) was adopted, and the values of the

interaction coefficients recommended by them were used in the calcula-

tions. Those interaction coefficient values are reported in Table

‘I11-8. The calculated results obtained by this method for three hydro-

gen containing systems are reported in Table B-3, in Appendix B,

The calculated results of these two methods for the three ternary
s&stems'are summarized in terms of average aﬁsolute deviations for¢ Ax
qnd Ay and reported in Table III-9. The numerical numbers given in the
parenthesis indicate the number of data points which were convergent in
the calculatjon. The total number of data peoints included in the calcu-

lation for the ternary system hydrogen-nitrogen-carbon monoxide at the

[

o -
temperature of 77.35 and 103.15 K are 11 and 3 respectively; for the

ternary system hydrogen—nitrogen—methahe at the temperature of 77'35’,

v

93.15, and 103.5 K, are 11, 7, and 11 respectively; and for the ternary
system hydrogen-carbon monoxide-methane at the temperature of 77.35,

93.15 and 103.15 K, are 10, 5, and 10 respectively.

The comparison indicates that not all the data points were conver-
gent at the three temperatures by the two methods. However, it is seen

clearly that the prediction of VLE.compositidns by the two methods are

very successful.

I1I-C2. Quaternary System Hydrogen-Nitrogen-Carbon Monoxide-Methane

The ICL equation was used to predict the vapor compositions as well

as liquid compositions of hydrogen and nitrogen for the quaternary

55
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Table III-8 Values Df Binary Interaction Coefficient Recommended

by the Graboski and Daubert Method (24)

Components Interaction Coefficient
b
/
Ho, - Others 0.0
N, - CO 0.0460
No - CHy 0.0319

CO - CH, 0.0300




- 59 -

Tabie 11I-2 Comparison of VLE Compositions Ubtained From Two
Calculation Methods with Experimental Values for
Three Hydrogen Containing Ternary Systems

Temperature, K
Ave.Abs.lDev. Method

77.35 23,15 103.15

Hydrogen-Hitrogen-Carbon Monoxide

Ax 1 U.UO?G (11)s - 0.0187 (3)
2 U.0642 (3) - 0.0115 (2)
by ] 0.0115 - 0.0129

2 0.0056 .- 0.0139

Hydrogen-Nitrogen-Methane

Ax 1 0.0115 (11)  0.0108 (6) 0.0130 (11)
2 0.0240 ( 2) u.0124 (6) 0.0070 (11)
Ay 1 0.0047 0.0143 (.ou54
2 0.0038 0.0268 © 00066
~ Hydrogen-Carbon Monoxide-tethane
Ax 1 0.0108 (10)  0.033¥ (5) 0.0145 (10)
Z2 0.02584 «( 8) 0.0306 (4}  0.0140 (10)
Ay ' 1 0.0047 0.0084 ¢.0066
2 0.0045 0.0078 0.0095
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system at 77.35, 93.15 and 103.15 K in the pressure range between 75 and
105 atm. This calculation was carried out by fixed system temperature,
pressure and liquid compositions of carbon monoxide and methane. The

values Cjj for the six constituent binary systems used in this calcu-

‘lation were the same as those reported in Table III-7. The calculated

VLE compogitions for the quaternary systems at three isotherms are
Feported in Table C€-1, in Appendix C. The calculated hydrogen and
nitrogen “compositions dre compared with the experimental values in
tigure III-70 to III-13 to illuétfa;e the agreement obtained. Similar
results were obtained for carbon monoxide and methane of the quaternary
system, In" addition, a summary of the average aBsoluteA deviations
between experimental and calculated equilibrium combositions from method

1 are reported in Table III-10.

-y - A

For ﬁﬁa%?phrpose of compariison, the modified SRK equation (76)"

(method 2), and the generalized correlation of Lee and Kesler (45) as
applied by Plockef et al. (61) to vapor-liquid quIlibrium calculations
(method 3) were ‘also tested for their capability of representing the VLE
data of the quafernary system. In the calculation procedure of Plocker

et al., it was recommended that temperature-dependent effective critical

constants be used for systems containing gquantum gases. However, it was

observed in this study that temperafure-independent effective critical .

constants would yield better results for the quaternary system.
This was also true for. the three binary systems containing hydro-
gen: hydrogen-nitrogen, hydrogen-carbon monoxide, and hydrogen-methane.

For this reason, the calculated results used in the comparison were
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Comparison of Experimental and Calculated Vapor-Liquid
Equilibrium Compositions of the Quaternary System

Hydrogen(1)-Nitrogen(2)-Carbon Monoxide(3)-Methane(4})

-

Ave  Abs.Dev,

Temperature, K

Method
77.35 93.15 103.15
Ax] and Axp 1 0.0145 (48) 0.0250 (11) 0.0220 (17) _
2 0.0676 (21)  0,0310 (11)  0.018z (19)7
3 0.0517 (47) 0.0509 (17} 0.0248 (16)
by 1 0.0132 b. 0257 0.0170-
2 0.0462 0.0384" 0.0162
3 0.0170 U.0267 0.011¢
Ay, 1 0.0U20 0.0105 0.0112
0.0245 0.0222 0.0088
3 0.0059 0.0200 0.0093
Ays 1 0.0053 0.U087 0.0072
0.0251 0.0082 0.0066
3 U.010¢ 0. 0064 0.0061
By, 1 U.000¢ 0.0077 0.0028
0.0011 0.0091 00043 3
3 0.0012 0.0038 0To01e 7
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obtained by using the temperature-independent effective critical con-
stants. On the other hand, the values of the hinary interaction coeffi-
cients recommended hy Plocker et al. (61) as shown in Table TII-11 were

used in mefhod 3 without any modifications.

The calculatﬁﬂ results By methods é and 3 are reported in Tables

C-2 and C-3 in Appendix C and summarized.in Table III-10. Average ahso-
lute deviations for Ax and Ay are élso reported in Table IIT-10. The
numerical numbers given In the parenthesis indicated the number of data
points which were convergent in the calculation. The total number of
oEtapoints }ncluded in the calculation at the temperature of 77.35,

93.15 and 103.15 K are 48, 17 and 19, respectively.

The comparison indicates that not all the data points were conver-
gent at the three temperatures by the three methods. The average
absolute deviations obtained by methods 2 and 3 are approximately the

|

samc at the three temperatures. ~ b

At 103.15 K, all the data points were convergent by method 2. The
overall avefaqe absolute deviation in the calculated x and y values
obtained by method 1 iéhsliqhtly higher/%han those obtained by the other
two methods.

o

At 93,15 K, all the data points were convergent by method 3. the
overall average absolute deviation in the calculated x and y values

obtained by method 1 is lower than those obtained by methods 2 and 3.

+
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- .Table JII-11 Values of Binary Interaction Coefficients Recommended

by Plocker et al. (61)

Y

’ S
Component Ho C Ny €o CHy,
H2 = L= - - =
No 1.080  # - C - -
co 1.085 0.987 - -
CHy 1.216 0.977 0.974 -




At 77.35 K, method 2 is the least suitable one with less than half

of the data points convergent in the calculation. All the data points

were convergent by method 1, which also yielded the lowest average abso-

lute deviations in the calculated x and y values.
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CHAPTER 1V
CONCLUSTONS

The existence of probable critical points of the binary systems
Hz-N2 and Hz-C0O has been presented graphically at the:femperaturQ§,of
93.15 and 103.15 K in the pressure range between 100 and 150 atm. The
probable critical loci of three hydrogen containing ternary systems have
been suggested and indicated in the schematic three dimensional tempera-
ture-composition and pressure-composition diagrams. The probable criti-
cal loci of the quaternary hydrogen-nitrogen-carbon monoxide-methane
system are also suggested and indicated graphically. |

.

It ‘has beeh-,shown"that .the hinary interaction coefficient, Aeiﬁ
can bhe correlated as a linear function of temperature, The. proposed
correlations for the:six binarv mixtures containinq hydrogen, nitrogen,
carbgn monoxide and methane have heen satisfactorily applied to the cal-
culation and prediction of VLF values for mixtures containing these com-
ponents, The average ahsolute deviations of liquid compositions
'Axi obtained for the systems hydro@en-nitroqen, hydrogen-carbon
monoxide, hydrogen-methane, nitrogen-carbon monoxide, nitrogen-methane
and carbon monoxide-methane vary from 0.0052 to 0.0130. For wvapor

compositions, IAy

, it varies from 0.0075 to 0.0274. These results are

considered to be very satisfactory.
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It has been found tbat the application of the ICL equation (method

1) is adequate for corrglating and prediétinq phase equilibrium proper-
ties for the binary, Eernary and quaternary systems containing hydrogen,
nitrogen, carbon monoxide and methane. The application of thé modified

. SRK equation (method 2) is adequate for representing the VLE properties
for the hydrogen containing fernary‘ systéms consiétind of hydroqén,
nitrogen, carbon mgnoxide and methéne. It has also bheen seen that the

épplications of the modified SRK equation and the modified BWR equation

.

(method 3) are all suitable for representing and predicting phase equli-
t _
brium properties for the quaternary system hydrogen-nitrogencarbon

monoxide-methane at the three temperatures investigated. For the sake
o .

of simplicity and accuracy, the ICL equation and the modified SRK equa-
tion are recommended for representing the VLE values of the systems. 0On

the other\ﬁa d, the uation appears lo represent the VLE data best

among these three methods ffor the guaternary system H,-M,-CO-CH, at the

lowest temperature of 775

A
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PART B

EXPERIMENTAL ASPECTS
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CHAPTER V

2 ' INTRODUCTION

Numerous .experimental methods, including static cell, dew and

bubble point, flow separator, forced vapor recirculation, rocked cell,
total pressure ;nd packed column flow (11, 28, 34,.94,;98) have been
used in the pést for VLE measurements. A summary of advantades and dis-
advantages of these methods was discussed by Wilson (98). Among these,
the forced vapor recirculation method is one of the most popular methodsr
used at cryogenic gonditions. However, the application of. forced vapor
recirculation method (11, 34, 94) involves the Fo}lowing experimental
problems as stated by Wilson (98):
1. lThe cell often leaks around the window: seals at cryogerfic tempera-
ture due to the éontraction of gasket material. When this occurs,

the entire assembly must be warmed up and the seals retightened.

2. The vapor recirculation pump fails to function because the magnet-

o
et

. M
ot

ically ac}uated plunger sometimes sticks and/or the check valves
fail to operate. Moisture or other material which solidifies at
cryogenic temperatures usually is the cause of the problem. Under
these circuﬁstances it _is also necessary to warm up the entire

r 4+

(i;“assembly and dismantle the_eggp to clear out the obstruction.

o In addition, apparatus dead ﬁolume} which exists hetween the sampl-
ing line and the equilibrium cell, contributes to significant deviatlon

in VLE measurement. It is a major problem that needs to he overcome.

. ' 3
Therefore, the design of a new apparatus to. overcome the above mentioned

¢



- 73 -

The VLE dgté on methane-ethylene system were required in the design
of efhylene ‘plant. However ghe binary data of the system were
insufficient in the temperature range from 223 K fq 273 K. " At 223 K,
only limited experimental data were reported by Sagara et al (75).
Thus, further épudiés within this temperature range would be very
déSirable. The binary system methane-ethylene at 243 K was chosen to
be ﬁne of the topilcs studied sinqé desirable binary data was not

available in the literature. In addition, more experimental data for

the binary system methane;ethylene at 223 K were measured.

It was also found that the binary data of nitrogen-methane system

",
at 103 K as reported by Wang {(94) were questionable. Measurements for

I

this system were also carried out in this work.

Ll
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CHAPTER VI

P

EXPERIMENTAL DETAILS

~

In this chapter, the design of a new apparatus is presented. I(z'

consists of a charging system, two equilibrium cells, a cryostat and N\

temperature control assembly, temperature and pressure measuring
devices, a coolant supply system, and‘a sampling and analysis system,
Experimental procedure, safety considerations, as well as the materials

used are also described in detail. N

VI-A. APPARATUS

s

A schematic flow diagram of the new apparatus is shown in Figure
VI-1. It consisted of a charging system, a cryostat containing a static-
cell and a movable cell, and a sampling and analysis system.. The equip-
ment was tested at its working temperature up to 150 atm, while the
charging system was operated at room temperature and the cryostat. was
maintained at 77.35 K. 1TIn this design, the dead voluﬁe between the -
sampling' valves and the static equilibrium cell was reduced to the
volume of the needle valves (A and B) as shown in Figugé Vi-1 . "The
level of the liquid and vapor mixturelcould be acco&plished by mdving a
equal-volume cell which in turn changed the level of the liquid ﬁy a
reciprocal motion device, This new design minimized mechnical probfems
which might be encountered by mechanical devices installed within the
cryostat. Furfabrmqre, the liquid level in the static equilibrium ceil
could be visibly observed during the operation thr0ugb two qglass

- . 1 1 =2 '
windows. - -

{ *
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VI-A1. Charging Systgm

The charging system cons% ted of a, Ruska proportioning pump, a
pressure gauge, a préssurg relief Qalve; and a vacuum pump. When the.
system pressure - was 1dﬁ, the re;uipedﬁgas was charged directly from tﬁéj"
;as cylinder. But when the system pressure was higher than the cyi%pdé%

pressure, the required gas was charged into the system by means of the

Ruska propbrtioning_pump.' . ) !

VI-A2. FEquilibrium Cells

Two equilibrium cells were designed, constructed and used to mea-
sure VLE values in this study. One is a static equilibrium cell, and

the other is a movable equilibrium cell.

VI-A2a. Static Equilibrium Cell

The 316 stainless steel static equilibrium cell with two trans-
parent glass windows was designed and constructed. A diagram of the

cell (Type A) is shown in Figure VI-2. To the top of the cell was
' i

welded a 1/% inch stainless sreel Autoclave joint, B, to which the wvapor

outlet tube was connected. Another 1/8 ‘inch Autoclave joint, C, was

welded_to the top to permit two protectedFtype copper constantan thermo-
couples to be inserted for measuring the temperature of the liguid and
the vapor phases. A 1/4 inch stainless- steel Autoclave joint, D, was

- welded to the bottom of thg cell. “This served as inlet and outlet for’

circulating liquid as well as inlet for charging the feed. {
) ¥

=
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' i &
The maximumq@*nq pressure of the cell was 150- atm {2205 psia)

L

and the lowest testing temperature was set at 77, 3} K (-320.44°F). 'The

cell has a' capacity of 30.7 ml with a welght of 12. 50 kg (27 50 lbm).

b -

VI-A2b. Movable Equilibrium Cell

A drawing of the movable equlibrium cell (Type B} 1is shown  in

Figure VI-3. -The body was_made of 316 stainless steel v;ith a wall
N _

thickness of 12 mm. To both ends of thé cell were welded with 1/4 inch
stainless steel Autocl':ave joints which were served as inlet and outlet
for the circulateci fluids. | The cgpacity of the cell/mj\s identical to
that of the static equilibrium cell but with a weight of 1.23 kg (2.7

. b
1bm). The maximum test pressure was 150 atm at 77.35 K.

o

- VI-A3. Cryostat and Temperature Control Asserhbly '

3

The equipment shown in the center section of Figure VI-1 was mount-
ed on a frame and submerged in the cryostat bath. The layout of this
equipment is shown in Fl'.ngll"e VI-4 and the photograph of Figure VI-QA.Y
All needle' valves in this assembly had'valve extensions so that they
':I:Qg_l_i/be operated from above the bath liquid. The movable cell was
moved In an up and down motion using a moter driven Boston gear to
accomplish mixing in the cell system. The liquid level in the static
equilibrium cell could be observed through windows in th;a cryostat
wall. A 4B liter -stainless steel cylindef was -used as thé cryostat

vessel. Liquefied 2-methylbutane was used as the bath liquid. The

cryostat was equipped with a refrigeration coil (for liquid nitrogen),
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SECTION A - A (DlMEN{_SIONS IN mm)

BODY (316 STAINLESS STEEL )
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VAPOUR CONN,ECTION (AUTOCLAVE 1/47)
LIQUID CONNECTION : " "
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FIGURE VI-3 MOVABLE EQUILIBRIUM CELL
(TYPE B)
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A

A CRYOSTAT

B GCONNECTION TUBES
C STATIC CELL

D MOVABLE CELL

"E VALVES

F  VALVE HANDLE
EXTENSIONS

G SUPPORT FRAME

FIGURE VIi-4 EQUILIBRIUM CELLS INSTALLED
INSIDE' THE CRYOSTAT




FIGURE VI-hA
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two stirrers, one heating element, two copper-constantan thermocouples,
and a resistance type temperature sensing element. The temperature of
the cryostat was maintained by‘ liquid nitroaen flowing through the(
refrigeration coll. At the downstream end of the coil, a buffér‘tank
and a needle valve was located ;; keep the flow rate of nitrogen con-

stant. The heating element was used to supply heat to keep the tempera-

ture constant in cryostat.

VI-A4. Temperature and Pressure Measuring Devices

Four protected type copper-constantan thermocouples were installed
in this apparatus. Two of them were located in the statie eauilibrium
cell (Qne in the vapor Dh;se, and the other in the liquid- phase). The
other ;wo ﬁere installed in the cryostat (one at one quarter height, and
the other at three-guarters height of the bath). The system temperature
was méasured using a Leeds and Northrup 7555 type K-5 potentiometer.
The temperature of the cryostat was measured with a platinum resistance

. .

thermometer and controlled through a Bayley precision temperature con-

troller (Model 250) that manipulated the heat inte the bath through the

heating element. This system controlled the bath temperature with an .

accuracy of * 0.1 K.

Two calibrated Heise gauges with ranges of 0 to 34.0 atm and 0 to
136.1 atm, and with 0.034 and 0.136 atm subdivisions, respecti;ely,
were used for measuring lower system pressﬁres.‘ Tn .addition, a high
pressure gauge with range of 0 to.340.2 atm ‘and with 0.68 subdivision

was also provided. The ungertalntiés involved in the pressure measure-
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ments are + (0.1 atm below 136 atm, and + 0.7 atm between 150 and 350

atm.

VI-A5, Coolant Supply System
™

2
Liquefied nitrogen was used ds a refrigerant to maintain the system

at the desired femperaturé. Compressed dry nitrogen was used to push
the liquefied nitrogen through the refrigeration coil in the cryostat.
The hegg;was removed from qr}ostat by the vaporization of liquid nitro-

gen in the coil.

VI-A6. Sampling and Analysis System

Two stainless steel 316 vessels, 14 and 15, were useq as sample
( collectors, as shown in Fiqure.VI-1, one of which served as a liquid
sampler with a capacity eof 1000 milliliters, and the other as a vapor
sampler with a capacity of 175 milliliters. The desian of vapor sampler
is shown in Figure VI-5. To prevent any condensation during analysis,
the vapor mlxturé was unifbrmly mixed by a magnetic stirrer, §, insid;
the sampier before gach analysis wés made.by gas chromatography. The -
liquid sampler was similar in design to that of vapor sampler except its

capacity.

A Hewlett Packard 58304 gas chromatograph was used for composition
. analyses. Tt was equipped with a Hewlett Pakard Accessory 18825A Valve
D}iver Board. A Hewlett Packard 18850A GC terminal was used to record

and to Integrate the chromatogqraphic curves.
L]
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VI~B. MATERIALS USED

-z

-

Research grade nitrogen, methane, ethylene, and. carbon dioxide

- supplied by Matheson of Canada Limited, Whitby, Ontario were used in

this investigation. Minimum purities of the gases were reported by the
. * T

supplier as follows:

Component Minimum Pdrityy mole %

‘ Nitrogen . 99,9995
Methane " 99.99 ~
Ethylene 99.98

Carbon Dioxide 99.99

These gases were used in thls study without any further purification.

:VI—C. EXPERTMENTAL PROCEDURE

Data could be taken wj}h either ascending or descénding system
pressure. If descending pressure method were Qsed, gases would have to
be “vented froﬁ the system to lower the pressure for the next.experi—
mental condition. After only a few such ventings, the amount of liquid
phase in the equilibrium celi would be greatly reduced. Eventually, it
would fall below an acceptable liquid level. It was thus more con-
venieni to acquire data using the ascending pressure method since the

amount of liquid phase increased when more gas was added to the cells.

In this study, the ascending pressure method was used for all experi-

ments: Detailed experimental procedures will be discussed in the

-

following subsections,



- .
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VI-C1. Temperature and Pressure Control ) | S -

As mentioned earlier, a Bayley temperatb?b-controller-was used to

maintain the temp@rature of the fluid in the cryostat.

The system temperature could be lowered by‘ evaporating liquid
nttrdgen which fas passed through the cqif submerged- in the cyyostat
liquld bath. The nitrogen evaporating rate was adjusted Fo.bring the
bath temperature'jusf slightly below the desined temperature, to ensure
that the heat removed Qy the nitrogeh,was just sufficient so that thg

. . -’ . .
' bath temperature _would decrease slowly. The temperature controller was

)
turned on for about, 20 minuées'before heing used to bring the unit to
" full sensitivity. Iq case of over cooling of the cryostat interior, the’
system temperature could he raised using an electric heating element
which was controlled by the Bayley temperature controller. A good tech-
nique was required fo maintain a zdelicaté balance between the heat

: e
supplied by the heating element and the heat removed by the cooling

coil.

The system temperature was measured by a Leeds and Northrup 7555
type potentiometer. The temperature of the constant-temperature bath
was determined using two protected azgppér constantan thermocouples
located at different positions. The teﬁ;erature inside the cell ,was
determined using two protected copper constantan terﬁocéuples located in
the vaéérljaxi liquid phases. It was observed that the tqmperaturé

“difference between the inside of :the cell and the bath was very small



A

.mize the contamination from the surrounding atmosphere.
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at equilibrium and ‘was insigwificant. The thermocouples were calibrated

using the vapor'pressure of methane or ethane following the method of

Prydz .and Goodwin (64).

When the desired initial system pressure was to be below 10 atm, it

 .was established manually by first adding the least volatile component

from the high préssure supply cylinder. After the first gqgwsupply was -
cut qff, the ecther gas component was compressed to the desired pressure
using the Ruska proportioning pump supplied by éhe Ruska Instrument. Cor-
poration. The pump could be either motor drlvén or haﬁd ‘opérated
depending on the pressure éhénge desired; The totél disp%acement of the
!

pump was 500 ml, This pump was connected directly to the Heise pressure

gauges.

VI-C2. Preparation of a Run

For precise measurement, the entire apparatus réquired thorough
cleaniﬁg to remove oil, é&iia particles, and other contaminants before
each Investigation. The desired cleanness was achieved by rinsing the
system with ‘solvents and then by alternately evacuating and flushing
with:=dry helium. Benzene, carbon tetrachloride, and petroleum ether
werg*used as solvents. All pieces of the apparatus were individually
cleaned. After the system was assembled, it was alternately flushed

P

with dry helium and the main component of the mixture to be studied. A

positive pressure (>3 atm) was always maintained in the system to mini-

*

-
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VI-C3. Vapor-Liquid Equlibrium Measurements

To begin an experiment, the entire system was evacuated for at
~least 8 hours and then flushed with the main component ,of the desired
mixture. This procedure was repeated’' several times when a new system

was studied.

After the desired bath temperature was reacheg, gases were chargeds
into the cells with the least volatile component introduced first, theﬁ
followed by compénents in the 6rder of }nc;easing vapor pressdre. The
cas being charged was roughly estimated by obhserving the liquidflevel-;n
the equilibrium cell. The desireé pressure was set approximately by
adding the‘most volatile cémponent last using the proportioning pump.
Further adjustments of the pressure could be made by changing a small
amount of the most volatile gas during the early stage of the operation.

The l;vel of the liquid phase in the static cell ‘could be adjusted
by changing the level of the movabié equilibrium cell. This motion
circulated the liquid mixture bhétween the movable and the static equili-

L /s
briun cells through a 1/4 inch stainless steel tube connected at the

bottom of the dells. At the same time, the vapor mixture in the two

cells were connected through a 1/4 inch stainless steel tube. Thé-

mixing motion was continued until the desired temperature and pressure
-

were reached and remained constant. During the experiment, botk  the

vapor and the liquid phases inside the submerged static equilibrium c4ll
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could be visually observed through two glass windows 1in the cryostat

wall.

When the pressure"remained at a constant value,' the system was
stabilized for at least one hburito assure the equilibrium condition was
reached. A small portion of vapor in the équilibrium cells was dis-
charged to thelsampler through the vapor sampling lines, and then a very
small amount of liquid sample was discharqged to the liquid sampler. The
samplinﬁ vélves wefe oniy partiélly opened to allow the withdrawal of an
extremely small amount of the sample from the cells. With the slight
but continuous/withdréwal of sample, the compositiohs of the-sample mix-
ture in theqsambling Eiﬁeé were assumed to be the.sa;g-as those in the
-equilibfidm cells.

G

| In order to prevent anQ condensation, an initiai mixing period of
thirty miﬁutes in the vapor sampler was used., After that, the wvapor
s§mp1e_ was analyzéd using a Hewlett Packard 5830A gas chromatograph.
The i%quid sample was mixdd iﬁ the.liquid samplgr for about 70 minutes
.béfore analysis. At least six analyses 6f each ‘sample were made, After
the vapor and the liquid samples were analyzed, thé'system pressure wés
adjusted for the ne?t run.
ihhe pressure was read, in psia, (pounds per square inch, agsolute)
d%ing'the Heise pressure gauges. This data can be converted to the SI

.unit;-péscal (Pa = N.m=?) by applying the multiplying by the conversion

S,



- 89 -
factor of 6,894.757, or to values in atmospheres by dividing hy the con-

version factor of 14.696.

VI-C3a. Composition Analyses

All gas mixture compositions were analyzed by the gas-chromatograph
equipped with a 6 or 10 ft 1long, 1/8 inch diameter stainless steel
column, packed with Porapak 0, mesh 80-100. The gas chromatograph was
equipped with a- thermal cdhductivity detector. Helium was used as the

carrier gas.

The results of gas chromatography analyses were calibrated against
_several synthetic samples of known:-compositions. The analytical results
of the known compositions were expressed in terms of composition ratios
and plotted against peak area ratios;_ The ratio plot ﬁas adopted
instead of the absolute quantity plot, because it was relatively insen-
sitive.to any change in detector current, témperature, column pressure,

carrier gas flow rate, sample quantity, recorder sensitivity, etc.

These plots: are shown in Appendix D.

VI-D. SAFETY CONSIDERATIONS

Safety 1s always a prime consideration in any high pressure:work.
The use of” highly explosive gases in this study made safety considera-
- . .

tions ‘even more desirable. Some special precautions employed in this

investigation are ocutlined below:
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All parts of the apparatus subject to high pressures were directly
connected to a blow out safety valve with a rupture disk manufac-
tured by the Autoclave Engineers.

Major pafks of the apparatus, including the valves, were subjected
to commissioning - tests at pressures up to the maximum pressure

before the parts were assembled.

. Special precautgqns were reqﬁired when 2-methylbutane was used as

bath fluid at cryogenic conditions. Positive ventilation was main-
tained through the measurement. - Flame and sparks were prohibited
in the laborato}y.

+

All parts of the apparatus except gpose in the -cryostat were

‘submerged 1in water so that any small gas leak could be easily

noticed during the measurement.
Before each experimental ruﬁ, the system was thoroughly checked .for

gas leaks using a Matheson 8017 gas leak detector. =

ADVANTAGES OF THE NEW APPARATUS

This new apparatus, which is suitable for VLE measurements at

cryogenic conditions, offers the following advantages:

1.

It can be operated at relatively higher pressure. The maximum
working pressure is 150 atm. R

The dead volume in this apparatus is minimal bein? that of the
two needle valves (Valves A and B). Thus, the deviation in VLE

measurements is expected to be reduced significantly.
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The mechanical problems have been miﬁimizgd because no pump or
other complicated mechanical mixing device has been 1installed
inside the cryostat.

It is more economical since the inside volume of this equilibrium
cell is smaller than those cells used previously in recirculating
cell experiments, Henbe, the quantity of gases needed for the

operation is reduced .in each experimental run.
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CHAPTER VII

EXPERIMENTAL RESULTS AND DISCUSSION -

In this study, vapor-liquid equilibrium data were obtained experi- .

A

mentally on three binary systems, nitrogen-carbon dioxide, nitrogen- ™
methane and methane-ethylene. The results pbtained from the experi-

mental parf of this study are presented in this chapter.

-l

VII-A. NITROGEN-CARBON DIOXIDE SYSTEM

-
¥

. By

""'Tﬁe capability of the new apparatus was first tested on the bi:zry
system nitfogeﬁ_—carbon dioxide at 273.15 K. This system was selected
becayse the data could be easily measured and because the' two gases are
nét flammable. Comparisons of the experimental data for this system and
those obtained from Canjar (8), 'Kaminishi (40), Muirbrook et ;31 (53},
Yorizane (104), and Zenner (107), are shown in Figure VII-1.  The
experimental ‘data and thé calculated values from the ICL equation' are
presented in Table VII-1. The excellent agreement shown in Figure VITI-1

assures that the newly designed apparatus is capable of producing

reliable results for the measurement of vapor-liquld eguilibrium.

VII-B. METHANE-ETHYLENE SYSTEM N

VLE values for Ae binary syst;:em methane-ethylene were measured at
. g.' .
223.15 K and 243.15 K. The VLE properties experimentally obtained for

the system methane-ethylene at 243.15 K are reported in Table' VII-2.

e
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The vapér and the liquid compositions calculated by using the ICL equa--:'
tion from fixed systelﬁ temperature and pressure are aiso reported in the
table.' In addltion,‘ the binary' intefactton coefficient C;p and the
average absolute deviations of the vapor and the liquid compositions
obtained from the ICL equation at that isotherm are also presented in
the table. The éverage absolute deviations obtained for ;'Axl and 'Ay\l
fdbift‘rf.\e system are 0.0025 and 0.0026, respectively.  The agreement
oblta_i)ned is considered as very s‘at.isfactory. |

The critical pressure/compositi'(l)n point of the binary system
methéﬁe-ethylene at 243;\15 K was determined by extrapolation of the Q-yﬂ
data to the point _of. zero value of (yl-x.l)z. This id illustrated in
Figure VII-2. The numérical values used in the preparation of this plot
are reported in Table VII-3, and essentialﬁly the critical composition/
pressure point of a binary system at a given temperature could be deter-
mined by the law of rectilinear diameters (52), when the pressure is
plotted versus (y;+x1)/? . Thus, the critical pressure and composition
point of this binary system at 243.15 K was determined to be P = 61.'2
atm and xs = 0.5075, respectively. This is shown -in Figure VII-2.

¢

To demonstrate the good agreement beé\yeen the experimentally mea-
sured and the calculated values obtained from the ICL equation, a pres-
sure-composition diagram for the binary system me'thane-ethylene at

243,15 K was plotted and shown in Figure VII-3.

VLE values for the binary system methane-ethylene at 223.15 K were

also measured experimentally. The measured values for the system are

reported in Table VII-4, A comparison of the experimental and the
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FIGURE VII-3: PRESSURE-COMPOSITION DIAGRAM FOR THE  CHy(1)~CgH,(2)
. SYSTEM AT 243.15 K
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calculated }esults from the ICL equations for the system was also madeh.
The results of the comparison are reported in Table VII-4. A:pressure
versus composition plot is shown in Figure VII-4., Data Treported by
Canjar: et al. (8) on pure ethylene and on the mixture reported by Sagara
et al. (72) are also included in this figure for comparison. The criti-
cal pressure of 57.2 aém and critical composition of 0.71 mole’kraction
of methane were \;gFéﬂt?ged by the same method described earlier. A
pressure versus (yj;-xi) pi;t-was used to extrapolate the critical pres-
sure and a pressure versus (yy+x1)/2 plot was used to obtain the criti-
cal composition for the binary system at 223.15 K as 1gl"novm in Figure .
VII-S{ The values used for construction of Figure'VII—S are-reported in
Table VITI-5. Tt is appafénf that the calculated values by using the ICL
. equation for this binary system a£ 223.15 K are in- good agreement with
those experimentally determined in this study. In addition, the data
reported by Sagara et al (72) are reésonabl& close to the measured data

——

and the ‘calculated values from the TCU equation as indicated In Figure

VII-4.

- VIT-C. NITROGEM-METHANE SYSTEM

Vapor-liquid equlibria for the binary system nitrogen-methane were
measured at 162.2 K. The predicateqd values ﬁsing the ICL equation were-
comgg;ed with those measured data. Bbth the measured and the calculated
VLE compositions for this sygtem RLC reported\in Table VII=6. The data
obtained by Wang (94) and by Kid et al. (42) were also included in
the comparison whereby values of y talculated with tﬁe ICL equation/ﬁere

evaluated. The absolute deviatighs!of calculated versus experimerital
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Table'VII-6

Comparison of ‘Experimental and Calculated VLE

- 105 -

Compositions for the Binary System No(1)-CHy(2)

(ICL Equation)

Pressure

X1

Y1

atm

Expl.

Calc.

Expl.

Calc.

axq

by y

Results Obtained at 169.9 K (Cyp =

0.0495) in This Work

22.85
26.67
28.03
32.18
39.26
45 .66
47.73
48 .65

Nata

|8x]ay = 0.0057

.0

L0499
.0601
.0948
L1957
.2715
.3040
.3167

D00 DO OO0

Reported by Wang (55) at 169.

L0385
.0537
.1013
.1873
2744
. 3067

OooDDOoooo

.3224

0

L1640
2513
.3303
.3890
.3961
.3872

OO oSO 00

L1152

0.1086

L1434
L2311
. 3341
.3907
L4011
L4030

Do DOD 0

[8y]ay = 0.0148

~0.0114
-0.0064
0.0065
-0.0084
0.0029
0.0027

0.0057°

-0
-0
-0
0
0
0
0

9 K (Cy2 = 0.05371)

.0366
0206
.0202
.0038
0017
.0050
.0158

24 .60
25 .41
27 .36
31.20
34.07
38.09
43.55
45 .66
46.74
47.76
47 .83
48.58

|ax| v = 0.0029 aylay = 0.0148
0.0231  0.0154  0.0770" - 0.0480 -0.0077
0.0301 0.0281 0.0993 0.0727 -0.0060
0.0579  0.0454 0.1485 0.1259  -0.0125
0.0888 0.0884 0.2298 0.2114  -0.0004
0.1183  0.1215 0.2752 0.2620  0.0032
0.1632 0.1700 0.3275 0.3185  0.0068
0.2352  0.2409  0.3790  0.3735  0.0057
0.2683  0.2708 0.3875 0.3885  0.0025
0.2885 0.2871 0.4235  0.3944  -0.0014
0.3057 0.3041 0.3970 0.399% -0.0016
0.3032  0.3046 0.3962 0.3993  0.0014
0.3159  0.3172  0.3836 0.4014  0.0073

-0
-0
-0
-0
-0
-0
-0

0
-0

0
~0

0

.0290.
.0267
0226
.0184
.0132
L0020
.0055
0010
L0291
L0024
.0031
.0178

Data Reported by Kidnay et al (100) at 170.K (Cip = 0.07474)

23.95
25.06
25.86
27.11
28 .06
29.96
33.98
38.08
41.96
45.70
47.70
48.31 -
48.74

|ax| 4y = 0.0038 Aylay = 0.0064
0.0082  0.0073  0.0297 0.0249  -0.0009
0.0189 0.0182  0.0652 0.0591  -0.0007
0.0276 0.0261 0.0889 0.0821 -0.0015
0.0399 0.0386 0.1219  0.1151  -0.0013
0.0495 0.0483 0.1458 0.1384 -0.0013
0.0688 0.0678 0.1875 0.1803  -0.0010
0.1115  0.1106  0.2593  0.2527  -0;0009
0.1562 0.1569 0.3135 0.3091 0.0007
0.2001 0.2037 0.3519  0.3393  0.0036
0.2469  0.2532 0.3743  0.3772 0.0063
0.2729 0.2827 0.3784 0.3868  0,0098
0.2915 0.2923 0.3798 0.3890  0.0008
0.3066 0.2994 0.3801 0.3909 -0.0072

r

-0
-0
-0

-0.

-0

-0.

-0

-0.

-0
0

0.

0
0

0042
.0061
0068
0068
0074
0072
0066
0044
0026
.0029
0084
.0092
.0108
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vapor compositions and liquid compositions are also reported in the
table.” The binary interaction coefficieht of the "ICL equation,
CNZ-CHH was also calculated and included in the table. The comparison
of experimental and calculated results is illustrated in Figure VII-6.
The experimental data reported by Kidnay et al. and by Wang are also
shown in this fiquye. As shown in Figﬁré VIi-6, the data reported for
nitrogen-methane system at 170.0 K by Kidnay showed best agreement with
calculated values by the ICL eAuation at 169.9 K amgng three measure-
mentéiat pressure under. 30 atm., However, disagreements grow gradually
at pressure aone 30 atm. At pressure above 35 atm, the agreement among
calculatea values and those reported by Wang and tﬁis work for the
binary system became satisfactory with the exception of the point, y, =

0.4235 at P = 46.7% atm, reported by Wang.

Possible critical point for this binary system at 169.9 K was esti-

mated by applying the rectilinear rule as mentioned earlier. The pro-

perties used in this estimation brocedure are listed in Table VII-7.

The critical pressure/composition point of the nitrogen-methane system
at 169.9 X was qraphically established as Iillustrated in Figure VII-7.

That estimated critical point is also shown in Figure VII-6.
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This work
Wang | _
Kidnay

Critical point estimated
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VII-6: COMPARISON OF EXPERIMENTAL AND CALCULATED VALUES AT

162.92 K FOR THE BINARY SYSTEM Np(1)}-CHy(2) TOGETHER WITH

THOSE REPORTED BY WANG (94) AT 169.9 K AND BY KIDNAY ET
AL. (42) AT 170.0 K
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CHAPTER VIII

SUMMARY

A new apparatus suitable for VLE measurements at cryogenic candi-
tions was designed, constructed and used to measure’ aata on hinary
systems of nitrogen-carbon dioxide, nitrogen—mephane, anqxtmethane_
ethylene. System conditions, temperature, pressure, and pha;e composi-
tions of vapor and liquid at equlibrium, were determined with this
apparatus. The data have shown that the newly designed equipment pro-
vided with four major advantages: high working pressure, reduced dead

volume, simple mechanical arrangement and economical op€ration.

The VLE properties of binary system nitrogen-carbon dioxide at
< .
273.15 K were measured with this set up and the data were compared with
.those available in the literature (40,52,100,107). Good agreement.

between the new set and the available data was observed.

Also ﬁeaSUred were data on the binary system methane-ethylene at
223.15 K and 243.15 K. The new experimental data obtained at these two
temperatures were compared with values calculated by the ICL (36-38)
correlation. The agreeﬁent between experimental and calculated results
on this systgm at each of the temperatures was excellent, thus the vali-
dating the usefulness of the ICL correlation for describing the system
and (indirectly) highlighting the smoothness of the data. In‘addition,

both experimental and calculated results for the methane-ethylene system
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at 243,15 K were compared with those réported by Sagara (72) and by

Canjar et al. (8). Good agreement was also found in this comparison.

The VLE behavior of the binary system nitrogen-methane were experi-
mentally determined at 169;9 K. The experimental results of the binary
system were compared with those calculated from the Tl equation, The
agreement was found satisfactory. 1In addition, both experimental and
calculated results for the system were compared with those reported by
Wang (94) and by Kidnay et al {42). One data point, y = 0.4235 at P =

46,74 atm/ reported by Wang was found to deviate from the rest of data.

e
| 0 P
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APPENDIX A

EXPERIMENTAL AND CALCULATED VLE VALUES FOR BINARY SYSTEMS

The ICL equation was used to calculate vapor and liquid composi-
tions f.;‘on; fixed. values of system ‘temperature and pressure. In the
cal'cqlatioq, t_he optimal vaiue of Cij for a given system and tempgra;
tuli'\é was obtéined by minimizing the difference between the calcula"ted

and experimental values of liquid composition.
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Table A-1a

Compafison of Experimental and Calculated VLE

Values for the Binary System Hy(1)-N,{2)

[ ]
Pressure X; . Yi
atm : - Ax Ay, - Ref
(psia) Expl - Calc Expl *Calc L .
70.35 K.(Cy2 = -0.0112)
14.31 0.0320  0.0331° 0.9610 0.9573  0.0011 -0.0037 11
34.76 0.0680 0.0781 0.9670 0.9685 0.0101  0.0015 11
58.52 0.1050~ 0.1256 0.9620° 0.9650 0.0206 0.0030 11
81.61 0.1380 0.1677  0.9540 0.9571 0.0297 0.0031 11
119.70 0.1970  0.2311  0.9360, 0.9398 0.0341 0,0038 . 11
153.06 0.2420 0.2826 0.8970 0.9219 ' 0.0406 0.0249 11
191.15 0.2900 0.3388 0.8740- 0.8988 0.0488 0.0248 11 “
243.55 0.3830  0.4151  0.8080 0.8609 0.0321° 0.0529 11
260.62 " 0.4140  0.4405 0.7830 0.8469 0.0265 0.0639 11
270.78 0.4470  0.4560 0.7710 0.8406 0.0090 0.0696¢ 11
283.02 0.4870  0.4751  0.7250 0.8321 -0.0119 0.1071 11
294.07 0.5360  0.5307 0.6900 0.8401 -0.0053 0.1501 11
77.55 K (€, = -0.0237)
10.16 0.0260 0.0227 0.8860 0.8730 -0.0033 -0.0130 11
20.43 0.0460  0.0476  0.9140 0.919%  0.0016 0.0054 11
33.95 0.0640  0.0792  0.9310  0.9338  0.0152 0.0028 11
44,21 0.0860  0.1025 0.9280 0.9362 0.0165 0.0082 11
62.37  0.1400  0.1574  0.9210  0.9313  0.0174 - 0.0103 11
85 .06 0.1730  0.1902  0.9190  ©.9245 0.0173  0.0055 11
103.42 0.2140 ,0.2277 0.9180 0.9143  0.0137 -0.0037 11
136 .08 0.2860 0.2930 0.8730 08916 0.0070 0.0186 11
143.58 U.3060  0.3079 0.8620 0.8856 0.0019  0.0236 11
L 77.55 K {Cyp = -0.0237)
153.75 0.3350 0.3281 0.8400 0.8773 -0.0069 0.0373 11
168.75 0.3730  0.3583 0.8200 0.8640 -0.0147 0.0440 11
183.75 11,

0.4330  0.3891 0.7620 0.8485 -0.0439  0.0865

ol
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Table A-1a (continued) '

.8304

Pressure . X, Yy
atm ’ Ax |
(psia) Expl Calc Expl Caic
83.15 K (C;o = -0.0408)
21.43 0.0487  0.0511  0.8655 0.8652  0.0024
34.02 0.0763 0.0832 0.8948 0.8905 0.0069
95.26 0.2300  0.2388 0.8700 0.8808 0.0038
136.08 . 0.3446 0.3350 0.7977 0.8435 -0.0096
83.67 K (C;» = -0.0609)
111.21 0.2730  0.2979 0.8260 0.8568  0.0249
125.52 0.3250  0.3385 0.7980  0.8403  0.0135
136.77 0.3600 0.3718  0.7650 0.8247  0.0118
141,51 0.3840  0.3864 0.7470 0.8180  0.0024
151.08 0.4290 - 0:4171  0.7110  0.8037 -0.0120
_ 88.15 K (C,» = -0.0631)
16.50 0.0490 ~ 0.0383 0.7650 0.7563 -0.0107
31.00 0.0760 0.0791 0.8470 0.8299 0.0031
50.00 0.1340  0.1324 0.8660 0.8515 -0.0017
77 .40 0.2100 . 0.2097 0.8530 0.8466 -0.0003
93.40 0.2350 0.2552 0.8420 0.8348  0.0209
102.60 0.2710 0.2832 0.8080 0.8256 0.0122
119.10 0.3540  0.3343  0.7810  0.8058 -0.0197
131.10 0.3820  0.3741  0.7490  0.7873 ~-0.0079
90.03 Kk (€, = -0.0272)
13.39 0,0248" 0.0253 0.6732 0.6726  0.0005
12.81 0.0234  0.0238 0.6619 0.6614  0.0004
11.70 0.0207 0.0210 0.6367 0.6369 0.0003
10.07 0.0164  0.0168 0.5903  0.5914 - 0.0004
8.32 0.0119 . 0.0123  0.5217  0.5224  0.0004
9.93 0.0159  0.0164% 0.5855 0.5867  0.0005
- 24,10 0.053%  0.0526 0.7800 0.7797 -0.0008
45.33  « 0.1115 " 0.1061 0© 0.8319 -0.0054

Ay, Hef
-0.0003 12
~0.0043 12

0.0108 2
0.0458 12
0.0308 11
0.0423 11
0.0597 11
0.0710 11
0.0927 11
~0.0087 13
-0.0171 13
-0.0145 13
~0.0064 13
-0.0072 13
0.0176 13
0.0248 13
0.0383 13
-0.0006 48
-0.0005 48
0.0002 48
0.0031 48
0.0007 48
10.0012
-0.0003 48
0.0015 48
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Table A-1a (continued)

Pressure Xy Yy
atm : bx
(psia) Expi Cale Expl Calc
90.79 K (C,5 = -0.0586)
18.26 0.0340  0.04508 0.6850 0.7207  0.0068
24.47 0.0470  0.0583 - 0.7480 0.7672 0.0113
34 .05 0.0720  0.0852  0.7940 .0.8021 0.0132
44,90 0.0990 0.1157- 0.8160 0.819%  0.1670
59.90 0.1440  0.1581  0.8230 0.8261 0.1412
72.14 0.1780  0.1932  0.8220 0.8238 0.0152
90.49 0.2370 0.2470 0.8030 0.8121 . 0.0100
104,11 0.26%0 0.2886 0.7790 0.7984 -0.0004
117.04 0.3490 0.3302 0.7460 0.7819 -0.0188
125.92 0.4070  0.3606 0.6980 0.7664 -0.0464
 95.00 K (C;p = -0.0485)
10.95 0.0149  0.0158  0.4492  0.4495  0.0009
25.87 0.0566 0.0577 0.7005 0.6982 0.0011
44,73 0.1121  0.1110 0.7643 - 0.7638 -0.0011
99.82 K (€2 = -0.0635)
21.43 0.0377 .0.0420 0.5509 0.5409 0.0043
34,02 0.0741  0.0806 0.6686 0.6471  0.0065
54.43 0.1384  0.1453  0.7279 0.6998  0.0069
74.85 0.2116  0.2140  0.7175  0.7042  0.0024
95.26 0.3030 0.2903 0.6530 0.6853 -0.0127
100.00 K (C;p = -0.0641)
14 .31 0.0180  0.0201  0.3380 0.3850  0.0021
20.43 0.0310  0.0387 0.4900 0.5211 0.0077
29.21., 0.0560 0.0657 0.5870° 0.6145 0.0097
40.85 0.0900 0.1020 0.6560 0.6701 0.0120
52.70 0.1280  0.1399  0.6820 0.6947  0.0119
62.56 0.1580 0+3724  0.6880 0.7021 0.0144
73.81 0.2070 0.2110 0.6890 0.7016  0.0040
84,37 0.2480 0.2492 (.6740 0.6943  0.0012
93.25 . 0.3010 0.2835 0.6450 0.6846 -0.0175
04 0.3610  0.3203 0.6060 0.6679 -0.0407

102.

Ay,

CoOO0OCcCCcCCOoOOO0

C OO C o Cc O OO0

.0358
.0192
.0081
. 0034
L0031
.0018
.0021
-0194
.0359
.0684

.0003
.0023
.0005

.0100
.0215
.0282
.0133
.0323

L0470
03N
0275
.0141
0127
L0141
0126
.0203
.0396
.0619

Ref *

1
11
11
11
1
11
11
1"
i1
1

48
48
48

12
12
12
12
12

11
11
11
n
11
11
1
1"

N

11
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Table A-1a (continued)

Pgessure X Yy
atm : - Ax | Ay | Ref
(psia) Expl Calc Expl Calc
110.30 K. (C;», = -0.0738)

23.49 0.0290 0.0311  0.2530 0.2637 0.0021 0.0107 11
. 31.28 0:0550  0.0594  0.3610 . 0.3738 0.0044 0.0128 11
38.49 0.0800 0.0864 0.4260 0.4325 0.0064 0.0065 11
46.28 0.1070  0.1169 0.4630 0.4707 0.0099 0.0077 11
50.03 0.1250 0.1322 0.4770 0.4822. 0.0072 0.0052 11
56.45 0.1530 0.1594  0.4890 0.4956 0.0084 0.0066 11
60.89 0.1720  0.1792  0.4910 0.4998 0.0072 0.0088 11
65.33 0.2020 0.2000 0.4860 0.503% -0.0020 0.017% 11
74.50 0.2600  0.2481 0.4560 0.4989 -0.0119 0.0429 11
76.87 0.2860 0.2622 0.4210 0.4950 -0.0238 0.0740 M
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Table A-1b

Comparison of Experimental and Calculated VLE

Values for the Binary System H,(1)-C0(2)

Pressure Y1
. atm Ax |
(psia) Expl Calc Expl Calc
77.35 K (C;, = -0.0101)
46.00 0.0750  0.0820 0.9470 0.9601  0.0070
51.00 0.0830  0.0903 0.9600 0.9599  0,0073
75.00 0.1130  0.1279  0.944 .9557  0.0149
100.00 . 0.1800  0.1643 0.9u1gufﬁgf§igz 0.0043
125.00 0.2000  0.1985 0.9290 . 0.93% -0.0015
150,00 0.2500 0.2310  0.9090 0.9295 -0.0190
i 83.15 K (C,5 = -0.0248)
21.43 0.0398  0.0412  0.9084 0.9115  0.0014
34,02 0.0609 0.0657 0.9320 0.9279  0.0048
95.26 . 0.1745  0.1756  0.9143  0.9233  0.0011
136.08 0.2490 - 0.2428 . 0.8790 0.9042 -0.0062
99.82 K (C,p = -0.0625)
21.43 0.0389  0.0402 0.6803 ,0.6638 0.0013
34.02 0.0676  0.0716 ~ 0.7619 0.7426  0.0042
54 .43 0.1163  0.1229  0.7844  0.7827  0.0066
74085 0.1727  0.1749  0.7848  0.7891  0.0022
95.26 0.2399  0.2285 0.7739  0.7811 -0.0114
103.15 K (Cyp = -0.0850) ,
50.00 0.1360  0.1186 0.7100 0.7281 -0.0174
75.00 0.1920  0.1905 0.7260 0.7423 -0.0015
100.00  0.2670  0.2680 0.6730 0.7268 0.6010
122.04 K (C,p = -0.0986)
34.02 0.0449  0.0504 0.2260 0.2402 0.0055
54,43 0.1382  0.1382  0.3349  0.3592 -0.0000
123.15 K (C,p = -0.1499)
6200 0.2000  0.2024 0.2910 0.3298  0.0024
" 62.70  0.2470  0.2763  0.2930 0.3330  0.0293

Ay,

0.0132

-0.0001
0.0177
0.0073
0.0104

0.0205

0.0031

-0.0041
0.0090
0.0252

-0.0165
-0.0193
-0.0017
0.0043
0.0072

0.0181
0.0164
0.0538

0.0142 .
0.0243 -

0.0388
10.0400

Ref

14
14
14
14
14
14

12
12
12
12

12
12
12
12
12

14
14

14

12:
12

14

14
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Table A-1¢c

Comparison of Experimental and Calculated VLE

Values for the Binary System Hy(1)-CH,(2) "
.
Pressure X Y1 -
atm Ax Ay, Ref
(psia) Expl Calc Expl Calc
90.72 K (€2 = -0.0679)
60.27 0.0394  0.0397 0.9910 0.9923 0.0003 0.0013 50
40.20 0.0275  0.0275 0.9912 0.9923 0.0 0.0004 50
20.05 0.0143  0.0742 0.9878  0.9900 -0.0001 0.0022 50
125.20 0.0748  0.0746 0.9888 0.9896 -0.0002 0.0008 50
100.00 0.06712  0.0618 0.9902 0.9909 0.0006 0.0007 50
79.93 0.0479  0.0510  0.9918  0.9917  0.0031 -0.0001 50
50.20 0.0336  0.0337 0.9926 0.992&¢  0.0001 -0.0002 50
30.12 0.0212  0.0210 0.9917 0.9917 -0.0002 0.0 50
10.12 0.0076  0.0073 0.9851 0.9843 -0.0003 -0.0008 501
93.15 K (C,p = ~0.0280) |
100.00 0.0460 0.0537 0.9865 0.9899 0.0077 0.0034. 51
125.00 0.0801 0.0647 0.9810 0.9889 -0.0154 0.0079 51
150.00 0.0700  0.0749 .. 0.9766 0.9877 0.0049 0.0111 5 o1
103.07 K (C;5 = ~0.0925) :
100.27 0.0782  0.0774  0.9757 0.9771 -0.0015 0.0014 50
80.13 0.0634  0.0632 0.9787 0.9780 -0.0002 -0.0007 50
60.00 0.0480  0.0484 0.9776 0.9779 0.0004 0.0003 50
30.03 0.0252  0.0250 0.973%  0.9726 -0.0002 -0.0008 50
15.10 0.0126 0.0126 0.9596 0.9580 Q.0 -0.0016 50
103.15 K (C,p = -0.0922)
10.00 0.0040  0.0083  0.9300 0.9417  0.0043 0.0117 21
15.00 0.0100° 0.0125  0.9530  0.9574  0.0025 0.004& 51
20.00 0.0130  0.0167 0.9620 0.9651 0.0037  0.0031 51,
30.00 0.0300 0.0250 0.9680 0.9724 -0.0050 0.0044 51
50.00 0.0500  0.0408 0.9630 0.9771 -0.0092 0.0141 51
103.15 K (C,5 = -0.1266)
19.70 0.0142  0.0185 0.9530 0.9644  0.0043 0.0114 15
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Table A-1c (continued)

Pressure Xy Yy
atm : ) Ax | Ay, Ref
(psia) Expl Calc Expl Calc . :
103.15 K (C,» = -0.1266)
40.80 0.0337 0.0378 0.9670 0.9751  0.0041 0.0081 15
60.40 0.0569 ‘0.0549 0.9690 0.9770 -0.0020 0.0080 15
80.90 0.0708  0.0720 .0.9700 . 0.9768 06.0012 0.0068 ~ 15
90.00  0.0819 0.079% 0.96%0 0.9763 -0.0025 0.0073 15
T 109.99 K (C,, = -0.1095)
124 .80 0.1080  0.1055 - 0.9588  0.9623 -0.0025 0.0035 50
100. 14 0.0880 0.0865 0.9622 0.9640 - -0.0015 0.0017 50
80.07 0.0711  0.07046  0.9634  0.9644 -0.0007 0.0010 50
60. 14 0.0532  0.0537 0.9633 0.9633 0.0005 -0.0001 50
45 .34 0.0407  0.0409 0.9605 0.9602 0.0002 -0.0003 S0 °
30.08 0.0275 0.0273 0.9508 0.9520 -0.0002 0.0012 50
14.97 0.0136 0.0134  0.9247 0.9235 0.0 -0.0011 50
) 116.48 K (C;2 = -0.1656)

) ’/L,ﬁ_——ag.au 0.0318  0.0363 0.9279 0.9265 0.0045 -0.0014 16
101.38 0.0950 0.1084 . 0.9466 0.9441 0.0135 -0.0025 . 16
156.49 0.1394  0.1627 0.9383 0.9376 0.0233 -0.0007 16
272.16 0.3170  0.2686 0.9289 °0.9129 -0.0484 -0.0160 16

116.51 K (€, = -0.1209)
124,67 0.1188  0.1150 0.9424 0.9458 -0.0038 0.0034% 50
100.00 0.0967 0.0938 0.9467 0.9471 -0.0029 0.0004 50
79.90 0.0771  0.0759 0.9466 0.9467 -0.0012 0.0 50
', 40,14 0.0382 . 0.0388 0.9364  0.9343  0.0006 -0.0022 50
40,14 U.0383 0.0388 0.9360 0.9343  0.0005 -0.0018 50
20.17 0.0192  0.0191  0.9024  0.9000 -0.0001 -0.0024 50

123.15 K (C,p = -0.1272)
10.10 0.0073 0.0085 .= 0.6830 0.7287 0.0012 = 0.0457 15
20.00 0.0192 0.0192 0.8180 0.8438 0.0 0.0258 15
39.80 0.0385 0.0407 0.8860 -0.9000 0.0016 = 0.0140 15
59.80 0.0616 0.0606 0.9040 0.9164 -0.0010 0.0124 15
80.70 0.0816 0.0814 0.9110 0.9227 -0.0002 0.0117 15




r
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A-1c (continued)xﬁy

Table

.00

Pressure Xy Yy

atm :
(psia) Expl Calc Expl Calc
123.15 K (C,p = -0.1272)
_100.50  0.1010  0.1005 0.9080  0.9245
123.15 K (Cyy = -0.1486)
20.00  0.0200 0.0202 0.8860 0.8432
30.00 0.0380 0.0315 0.9310 0.8813
40.00 0.0380 0.0425 0.9090 0.8994
50.00 0.0560 0.0535 0.9020 0.9094
_ 143.05 K {C,2 = -0.1653)
10.60 0.0031  0.0043 0.2140  0.2484
19.90 0.0168  0.0174  0.5410  0.5461
40.20 ©  0.0477 0.0455 0.7210 0.7213
59,10 0.0684 0.0713  0.7790 0.7730
78.70 0.0992 0.0978 0.8020 0.7968
100.20 0.1270 0.1265 0.8100 0.8084
143.15 K (C,2 = -0.0873)
10.00 0.0030 0.0030 0.1520 0.2080
20.00 . 0.0080 0.0152 0.5100 0.5476
30.00 0.0350 0.0272 0.6820 _ 0.6651
40.00 - 0.0550 0.0391 0.6930 0.7236
50.08% - 0.0640 ~0.0508 0.7450 0.7579
: 144,26 K (C o = -0.2174)
34,02 0.0343 0.0404 0.6392 0.6713
68.04 0.0781 0.0927 0.7618 0.7701
101.38 0.1310  0.1438  0.7931  0.7919
135.40 0.1805 0.1963 0.7823 0.7928
204,12 0.3499  0.3067 0.7457  0.7671
- 163.15 K (C,2 = -0.2126)
130,00 0.0110  0.0229 0.3410 0.2892
40,00 0.0300 0.0822  0.4560  0.4045
140 0.2860 0.2525 0.5760- 0.5920

ax -

-0.0005

0.0002

-0.0065.

0.0045
-0.0025

0.0012
0.0006
-0.0022
0.0029
-0.0014
-0.0005

0.0072

-0.0078

-0.0159
-0.0132

.00

.0146
.0128
0158
-0.0432

S oo O

£ 0.0119

'0.0122

-0.0355

Ay

0.0165

-0.0428
-0.0497
-0.00%6

0.0674

0.0344
0.0051
0.0003
-0.0060
-0.0052

-0.0016

0.0560
0.0376

-0.0169

0.0306
0.0129

0.0321
0.0083
-0.0012
0.0105
0.0214

-0.0518
-0.0515
¢.0160

Ref
15

51
51
51
51

15
15

15

15
15
15

51
51
51
51
51

16
16
16

16

16

51
51
51

N\~
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Table A-1c (continued)

Pressure . X, ‘;} Yi
atm A

Ax,
(psia) Expl Calc 1(ﬁ;ﬁffg Calc
_ © 163,79 K (T, = -0.2126)
150.00 0.2860 0.2778  0.5500 0.5901 -0.0082
172.04 K (C;5 = -0.1119) el
34.02 0.0170 0.0182 0.1583 0.1668 0.0012
68.04 0.0877 _ 0.0874  0.4060 0.4135 -0.0003
87.09 0.1255 0.1277 0.4631 0.4615 0.0022
102 .06 0.1622 0.1606 0.4678  0.4827 -0.0016
B 172.05 K (Cyp = -0.2491)
 86.40 U.1360 0.1532  0.4350 0.4395 0.0172
102.20 0.2010  0.2004  0.4290  0.4523 -0.0006
» _ 173.65 K (C;p = -0.2132)
35.20 0.0168  0.0203 0.1480 0.1527 0.0035
40.10 0.0257 0.0318 0.2060 0.2100 0.0061
59.90 0.0709° 0.0794 0.3620 0.3473  0.0085
70.10 0.0938  0.1051 - 0.4060 0.3846 0.0113
80.60 0.1240 0.1327 0.4240- 0.4091  0.0087
82.70 0.1310  0.1384%  0.4240 0.4124  0.0074
99.20 01900 0.1860 0.4200  0.432%1 -0.0040
102.00 0.2050 0.1948  0.4110 0.4337 -0.0103
106.90 0.2250 0.2228 0.4010 0.4513 -0.0022

by,

0.0401

0.0085
0.0075
-0.0016
0.0149

0.0045
0.0233

0.0041
0.0040
~-0.0147

-~0.0214

-0.0149
-0.0116
0.0121
0.0227
0.0503

Ref

51

16
16
16
16

15
15

15
15
15
15
15
15
15
15
15




Comparison of Experimental and Calculated VLE

-~ 132 -,F_,/*"//T

Values for the Binary System N, (1)-C0(2)

s
Pressure. X1 Y1 " T
atm ax, Ay, Ref
(psia) . Expl Calc Expl Calc . .
70.00 K (C,, = 0.0007)
0.36 0.8100 0.8356 0.9100 0.895 0.0256 —0.0144\ 52
0.32 0.6000 0.6337 0.7280 0.7466 0.0337 0.0186 52
0.29 0.4000  0.4274 0.6000 0.5618 0.0274 -0.0382 52
0.25 0.2010  0.1753  0.3100 0.2695 -0.0257 -0.0405 52
(75.00 K (C,5 = 0.0027)
0.70 0.8010  0.8322 0.8750 .0.8865 0.0312 0.0115 52
0.64 +0.6000  0.6301 0.7000 0.7322 0.03017 0.0322 = 52
0.58 0.4000  0.4065 0.5200 0.5289 (.0065 0.0089 52
0.51 0.2010  0.1824 0.2900 0.2720 -0.01886 -0.0180 52 )
79.20 K {C,5 = 0.0046)
1.16 0.8600 0.8460 0.8600 0.8910 -0.0140 0.0310 52
1.08 0.6000  0.6440 0.6900 0.7335  0.0440  0.0445 52
0.98 0.4000 0.4182 0.5000 0.5314 0.0182 0.0314 52
0.87 0.2010  0.1883 0.2700  0.2741 -0.0127  0.0041 74
83.82 K (Cy2 = 0.0153)
1.36 0.0991 '0.0609 0.1600 0.102% -0.0382 -0.0577 53
1.44 0.1920 « 0.1485 0.2830 0.2289 -0.0435 -0.0541 53
1.51 0.2680 0.2218 0.3780 0.3207 -0.0462 -0.0573 53
1.65 0.4450  0.3973 - 0.5600 - 0.5059 -0.0477 -0.0541 53
1.75 70,5910 0.5486 0.6850 0.6410 -0.0424 -0.0440 53
1.84 0.7180 0.6888 0.7870  (.7555 -0.0292 -0.0315 53
1.93 0.8580  0.8545 0.8950 0.8853 -0.0035 -0.0097 53
1.97 0.9320  0.9475  0.9500 0.9582  0.0155 0.0082 53
2.01 1.0000 1.0050  1.0000 0.9978 0.0050 -0.0022 53
90.10 K (C,5 = 0.0157)
3.34 0.7920 0.7303 0.8310 0.7810 -0.0618 -0.0500 52
3.32 0.7590  0.7108 ~ 0.8030 0.7651 -0.0482 -0.0379 52
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A-1d (6Bn£inued)

0.5300 0.5176 -0.0202 <-0.0124

Table
Pressure X, - Y
atm - bxy Ay, Ref
(psia) Expl Calc ‘Expl Calc \ - L L
90.10 K (C,5 = 0.0157)

v 3.22 0.6500 0.6053 0.7100 0.6779 -0.0647 -0.0321 52
2.91 0.3750 0.3388 0.4520 0.4341 -0.0362 -0.0179 52
2.76 - 0.2240  0.2267 0.2880 0.3129 0.0027 0.0249 52
2.68 0.1350 0.1707 0.1620 0.2458 0.0357 0.0838 52

96.70 K (C,p = -0.0006) -
5.57 0.8220 0.7585 0.8560 -'0.8088 -0.0635 -0.0472 52
5.34 0.6930  0.6339  0.7450 0.7002 -0.0591 -0.0&EB 52
5.30 0.6660 0.6497 0.7210 0.7222 -0.0163 0.0012 52
4.62 0.3280- 0.2361 0.3840 0.2952 -0.0919 -0.0888 52
4.53 0.2060  0.1855 0.2600 0.2359 -0.0205 -0.0241 52
4.45 0.1070  0.1404 0.1350, 0.1814 0.033%  0.0464 52
A .

_ . 100.00 K {C,, = 0.0091)
6.97 0.7180 0.6516 0.7550 0.7065 -0.0664 -0.,0485 52
6.87 - 0.6600 0.603% 0.7000 0.6637 -0.056 -0.0363 52
6.24 0.3480 0.3217 0.3950 0.3%917 -0.0263 -0.0033 52
6.15 0.3020 0.2843 0.3550 0.3518 -0.0177 -0.0032 52
6.06 0.2600 0.2476 0.3000 0.3115 -0.0124 0.0115 52
5.68 0.1700  0.1761 0.1980 0.2292 0.0061 0.0312 52
5.82 0.1360 0.1529 0.16b0 0.2013 0.016% 0.0413 52

. 105.10 K {C,7 = 0.0185)
2.70 0.6000 0.5428 0.6400 0.5988 -0.0572 -0.0412 52
9.66 0.5840  0.5285 0.6270 0.5859 -0.0555 -0.0411 52
9.44 0.4750  0.4534  0.5200 0.5166 -0.0216 -0.0034 52
8.73 0.2280 0.2414 0.2560 0.3030 0.013% 0.0470 52
§.60 0.1900 0.2066 0.2160 ' 0.2643 0.0166 0.0483 52

110.00 K (C;5 = 0.0071)
13.14 0.6300 - 0.63%96 0.7180 ¢ 0.6827 0.0096 -0.0353 S2
13.07 .0.6600  0.6203 0.7000 0.6650 -0.0397 -0.0350 52
12.68 0.5340  0.5150 0.5800 0.5661 -0.0190 -0.0139 52
12.49 0.4850. 0.4648 52
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A-1d (continued)

Table
Pressure X) Y1
atm : . - Ax dy, Ref
(psia) Expl Calc Expl Calc
110.00 K (C,» = 0.0071)
12.34 0.4400  0.5257 0.4870 0.4792 -0.0143 -0.0078  S2
12.20 0.3970  0.3897  0.4430 0.4431 -0.0073 0.0001 52
12.00 0.3500 0.3389 0.3930 0.3911 -0.0111 -0.0019 52
11.62 0.2460 0.2447 0.2800 0.2909 -0.0013 ©0.0109 52
_ 110.00 K (C,, = 0.0071) ‘
11.52 0.2150 0.2202 0.2450 0.2639 0.0052 0.0189 ' 52
11.26 0.1490 0.1578 0.1700 0.1933 0.0088 0.0233 52
116.60 K (C,o = 0.0074)
18.54 0.5870  0.5577 0.6200 0.5957 -0.0293 -0.0243 52
18.40 0.5650 0.5300 0.6000 0.5692 -0.0350 -0.0308 S2
17.81 0.4160  0.4157  0.4570  0.4576 - -0.0003  0.0006 52
17.76 0.4100 0.4063 ° 0.4450 0.4481 -0.0037 0.0031 52
17.52 0.3600 0.3610 0.3920  0.4024  0.0010- 0.0104 52
16.94 0.2640  0.2539 0.2780 0.2910 0.0099 0.0130 52
. 121.80 K (C,7 = 0.0077) _
$23.96 0.5420 0.5328 0.5700 '0.5620 -0.0092 -0.0080 52
22.33 0.2600 0.2633 0.3000 0.3132 0.0033 0.0132 52
22.07 0.2450  0.2450 0.2732 0.0 0.0172 52

0.2560

-
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Table A-le
Comparison of Experimental and Calculated VLE
Values for the Binary System No(1)-CH,(2)

Pressure X, Yi

atm : : Ax 4y, . Ref
{psia) Expl Calc Expl  Cale

20.67 K (C,;» = 0.0290)

0.95 0.1330  0.1395 0.8890 0.8813  0.0065 -0.0078 53 -
1.25 . 0.2000 0.2033 0.9200 0.9140 0.0033 -0.000 53
1.40 0.2380 0.2381 0.9280 0.9251 0.0001 -0.0029 53
1.76 0.3410  0.3332  0.9470 * 0.9447 -0.0078 -0.0023 53
2.03 0.4290  0.4172  0.9590  0.9555 -0.0118 -0.0035 53
2.33 0.5310  0.5196 0.9680 0.9649 -0.0115 -0.0031 53
2.61 0.6280  0.6247 0.9750 -0.9725 -0.0033 -0.0025 53
3.14 0.8110  0.8210 0.9850 0.9857 0.0100 0.0007 ~ 53
3.60 0.9520  0.9639  0.9950 0.9967 0.0199 ° 0.0017 53
 91.65 K (C,» = 0.0385) .
0.21 0.00%0  0.0087 0.2950 . 0.3%14 -0.0003 0.0464 54
0.29 0.0150  0.0187  0.4760 0.5240 -0.0003 0.0480 54
O.44 . 0.0370 0.0384 0.6440 0.6911 0.00%% 0.0471 54
1.13 0.1470  0.7438 0.8610 0.8875 -0.0032 0.0265 54
' . 95.00 K (Cyp = 0.0404) |
2.22 0.2679  0.2610 0.9216 0.9215 -0.0069 -0.0001 57
2.70 0.3562  0.3544  0.9374  0.9393 -0.0018 -0.0019 57
2.98 0.4249  0.4178° 0.9460° 0.9475 -0.0071 0.0015 57
3.39 0.5271  0.5236 0.9573  0.9578 -0.0035 0.0005 57
3.60 0.5889 0.5833 0.9618 0.9627 -0.0056 0.0009 57
4,19 0.7495  0.7518  0.9756 0.9756 0.0023 0.0 57
4,52 0.8271  0.8367  0.9823  0.9827 0.0096 0.0004 57
97.15 K {C;7 = 0.0402)
0.36 0.0090  0.0084 0.2300 0.2707 -0.0006 0.0407 54
0.47+  0.0180  0.0187 0.4050  0.4517  0.0007 0.0467 54
0.67 0.0360  0.0370 0.5700 0.6172 0.0010 0.0472 54 |
1.66 0.1460  0.1407  0.827047,0.8532 -0.0053  0.0262 54

S
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Table A-1e (continued)
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-
-

Pressure Xy Y1
atm
(psia) Expl Calc Expl Calc
99.82 K (C,, = 0.0372)
1.36 0.0790 0.0857 0.7480 0.7551
1.70 0.1110  0.1179  0.7910 0.8072
2.04 0.1440  0.1523  0.8220 0.8422
2.38 0.1800 0.1890 0.8480 0.8675
2,72 0.2210 0:2285 (.8680 0.8867
3.40 0.3120  0.3172  0.8990  0.9143
4.08  0.4270 0.4210 0.9220 0.9337
.76 0.5600 0.5404  0.9400 0.9490
S.eh 0.6820 0.6687 0.9540 0.9621
6.12 0.7930  0.7926 0.9680 0.9744
6.80 0.9010  0.9017  0.9850  0.9866
100.00 K (C,5 = 0.0395)
1.96 0.1329  0.1377 0.8336 0.8336
2.92 0.2397  0.2424%  0.8907 " 0.8944
3.57 0.3301 0.3281 0.9168 0.9182
3.94 0.3831 0.3821 0.9277 = 0.9284
4. 34 0.4463  0.4475 (.9372 0.9382
4,64 0.5069  0.5012 U.9548  0.9448
4,97 0.5638  0.5605 0.9508 0.9513
5.52 0.6671 0.6669 0.9618 0.9618
6.37 0.8133 | 0.8189 0.9764 0.9768
05.00 K (Cyo = 0.0448)
3.60 0.2101  0.2030 0.8533  0.8541
4,45 0.2869 .0.2781 0.8855 0.8862
5.59 0.4108  0.3971 ,.0.9149 0.9154
6.22 0.4836  0.4730 ¥0.9275 0.9278
7.15 0.6012  0.5972  0.9440  0.9440
8.31 0.7548  0.7539 0.9626 0.9623
9.68 0.8990 0.9119  0.9829 0.3840

Ax

0.0067
0.0069
0.0083
0.0090
0.0075
0.0052

-0.0060

-0.0196

20.0134

-0.0004
0.0007

0.0048
0.0027
~0.0020
-0.0010
0.0012

-0.0057 .
-0.0033

-0.0002
0.0056

-0.0071
-0.0088
-0.0137
-0.0108
-0.0040
-0.0009

0.0129

1

Ay,

0.0071
0.0162
0.0202
0.0195
0.0187
0.0153
0.0117

0.0090 _

0.0081
0.0064

0.0016

0.0
0.0037
0.0014
0.0007
0.0010
0.0
0.0005
0.0

0.0004

0.0008
0.0007
0.0005
- 0,0003
0.0
- -0.0003
0.00M

Ref

58
58
58
58

58

56
58
58
58
56
.58

57
57
57
57
57
57
57
57
57

57
57
57
57
57
57
57
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Table A-1e (cortinued)

Pressure

atm

(psia)

0.69
0.86
1.19
2.7

4.75
5.84
7.35
8.26
8.37
9.48
10.44
11.64
13.01

.70
2.04
2.38

2.72 .

3.40
4.08
4,76
5.44
6.12
6.80
8.51
10.21
11.91
13.61

3.40

Xy

Y1
x|

Expl Calc Expl Calc

105.15 K (C,p = 0.0376)
0.0090 0.0068 0.2110 0.163% -0.0022
0.0180  0.0171 0.3350 0.3297 -0.0009
0.0360 0.0372 0.5120  0.5M44  0.0012
0.1450 0.1435 0.7900 0.7969 -0.0015

110.00 K (C,5 = 0.0445)
0.2093 0.2061 0.8237 - 0.8227 -0.0032
0.2856 0.2800 0.8615 0.8603 -0.0056
0.4061 (.3986 0.8950 0.8957 -0.0075
0.4843  0.4791  0.9113  0.9119 -0.0052
0.50U8  0.4895  0.9147 0.9138 -0.0113
0.6056 0.5965 0.9319  0.9307  -0.0097
U.6948  0.6909  0.9456  0.9443 -0.0039
0.7956 0.8015 0.9612 . 0.9608 0.0059
0.8978 0.9100 0.9790 0.9798 0.0122

110.93 K (Cy;p = 0.0426)°
0.0320 0.0336 0.4270 0.4355 0.0016
0.0470  0.0497 ° 0.5250  0.5313  0.0027
0.0630 0.0662 0.5980  0.5999  0.0032
0.0800 0.0832 0.6490 0.6515 0.0032
0.1150 * 0.1186 0.7210  0.7241  0.0036
0.1520  0.1561 0.7680 0.7729  0.0041
0.1900 0.1960 0.8010 0.8081  0.0060
0.2330 0.2384 0.8290 0.8349  0.0044
0.2830 0.2839 . 0.8510 0.8561 0.0909
0.3380 0.3325 . 0.8700 0.8735 -0.0055
0.4860 0.4690 0.9070 0.9068 -0.0170
0.6380 0.6224 0.9330  0.9324 -0.0156
0.7800 0.7740 0.9550 0.9553 -0.0060
0.9020 0.9040 0.9770  0.9780  0.0020

113.71 K (Cyp = 0.0555)
0.089%  0.0836 0.6491 0.6471 -0.0058

-0.0476
-0.0053
0.0024
0.0062

-0.00190
-0.0012
0.0007
0.0006
-0.0009
-0.0012
~0.0013
-0.0004
- 0.0008

10.0085
0.0073
0.0019
0.0025

0.0031

0.0049
0.0071
0.0059
0.0051

0.0035

-0.0002
-0.0006
0.0003
a.0010

-0.0020

Ref

54
54
54
54

57
57
57
57
57
57
57
57
57

58
58
58
58
58
58
58
58
58
58
58
58
58

58

60
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Table A-1e (continued)

Pressure X Y1
atm Ax
{psia) Expl Calc - Expl Calc
113.71 K {C,5 = 0.0555)

5.10 0.1671  0.1584 0.7660 0.7681 -0.0087
6.80 0.2609 . 0.2453 ° 0.8290 0.8301 -0.0157
10.17 0.4984  0.4679, 0.8990 0.8966 -(0.0305
13.57 0.7491  0.7450  0.9443  0.9421 -0.0041 -
13.62  0.7495 - 0.7486 0.9450 0.9428 -0.0009
15. 14 0.8580  0.8570  0.9645 0.9628 -0.0010
17.01 0.9558  0.9660 0.9874 0.9895 0.0102

14.57 K (C;p = 0.0390) |

1.50 0.0090  0.U083  0.1540 0.1387 -0.0007
1.74 0.0180 - 0.0179  0.2470  0.2570 -0.0001
2.7 0.0360 0.0359 0.3940 0.4073 -0.0001
Y 458 0.1840  0.1442  0.7090 . 0.7264  0.0002

115.00 K (C;p = 0.0533)
5.80 0.1891  0.1784  0.7782 0.7753 -0.0107
7.62  0.2868 0.2701  0.8363 0.8333 -0.0167
9.45 0.3989 0.3788 U.8739 0.8710 -0.0201
10.98 0.5027  0.4837 0.8983  0.8949 -0.0190
12.06 0.5789  0.5637 0.9129 0.9094 -0.0152
13.98 . 0.7110 0.7098 0.9377 0.9336 -0.0013
15,44 0.8043  0.8112 0.9538 0.9518  0.0069
17.24 0.9040 - 0.9172 0.9750 0.9754  0.0132

120.00 K (C,2 = 0.0523)
4,92 0.0977 0.0939 0.6122 0.6074 -0.0038
7.45 0.1938  0.1851 0.7458  0.7437 -0.0087
9.85 0.2990 0.2847 0.8125 0.8103 -0.0143
11.94 0.3978  0.3843 0.8512 0.8483 -0.0135
13.76 0.4959  0.4811 0.8773 0.8738 -0.0148
15.71 0.5938 (0.5928 0.9000 0.8972 -0.0010
17.79 0.7055 0.7118  0.9225 0.9202 0.0063
19.62 0.7877°  0.8074 0.9u%4  0.9402  0.0197

dy,

0.0021
0.0011
-0.0022
-0.0021
-0.0023
-0.0017
0.0021

-0.0053
0.0100

0.0133

0.0174

-0.0029
-0.0030
-0.0029
-0.0034
-0.0035
-0.0041

-0.0020-

0.0004

-0.0048
-0.0021
~0.0022
~0.0028

~-0.0035

-0.0028
-0.0023
-0.0012

Ref

60
60
60
60
60
60
60

54
54
54
54

57
57
57
57
57
57
57
57

57
57
57
57
57
57
57
57 -
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Table A-1e (continued)
Pressure Xy Y1
atm bx | Ay, Ref
(psia) Expl Calc Expl Cale . o
122.04 K (C,, = 0.0468)
3.40 . 0.0360 0.0348 0.3240 0.3450 -0.0012 0.0210 58
4.08 0.0560 0.0556  0.4450  0.4543 -0.0004 0.0093 58
4.76 0.0770  0.0769 0.5290 0.5327 -0.0001 0.0037 58
5.44 0.0990 0.0988 0.5860 0.5918 -0.0002 0.0058 - 58
6.12 0.1210  0.121%  0.6300 0.6379 0.0004 0.0079 58
6.80 0.1440 0.1446;¢ 0.6680 0.6750 ~“0.0006 0.0070 58
8.51 0.2030  0.2059  0.7370 0.7425 0.0029 0.0055 58
10.21 0.2720 0.2722 0.7820 .0.788% 0.0002 0.0064 58
11.91 0.3480  0.3443  0.8180 0.8222 -0.0037, 0.0042 58
13.61 0.4320 0.4223 " 0.8460 0.8488 -0.0097 0.0028 58
17.01 0.6000 -0.5923 0.8940 0.8902 -0.0077 -0.0038 58
20.41 0.7630 0.7609 0.9330 0.9256 -0.0021 -0.0084 58
23.81 0.8930 0.9009 0.9690 0.9615 0.0079 -0.0075 58
27.22 0.98%0  0.9939 0.9970 0.9917  0.0049 -0.0053 S8
122.04 K (C,» = 0.0635)
2.76 0.0165  0.0135  0.1963  0.1903 -0.0030 -0.0060 59
3.40 0.0351 0.0304  0.3466 "0.3422 -0.0048 -0.0044 59
5.10° 0.0860 0.0770 0.5588 0.5597 -0.0090 0.0009 59
6.79 0.1811  0.1272 0.6655 0.6689 -0.0139  0.003% 59
13.61 0.4283  0.3879  0.8411  0.8409 -0.0404% -0.0002 59
19.37 0.7093 0.6924 0.9109 0.9069 -0.0169 -0.0041 59
20.43 0.7524 "0.7467 0.9225 0.9181 -0.0057 -0.004%4 59
21.16 0.7837 0.7823 0.9308 0.9260 -0.0014 -0.0048 59
24,09 0.8962 0.9053 (Q.9589 0.9600 . 0.0091 0.0011 59 -
25.86 0.9514 0.9653_4$0.9765 - 0.9831  0.0140 0.00461 59
27.10 0.988Q  0.9930 ™ 0.99%46 0.9923  0.0049 -0.0024 59
126.04 K (C;2 = 0.0513)
3.40 0.0140  0.0127 0.1630  0.1472 -0.0013 -0.0158 58
4.08 0.0310  0.0299 0.2950 0.2876 .-0.0011. -0.0074% 58
4.76 0.04%0  0.0475 0.3890 0.3883 -0.0015 -0.0007 58
544 0.0660 0.0655 0.4610 0.4641 -0.0005 0.0031 58
6.12 0.0850 0.5190  0.5233 -0.0011 0.0043 58

0.0839 .




Table A-1e {(continued)
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Pressure
atm

' (psia) . Expl

6.80

8.51
10.21
11.91
13.61
17.01
20.41
23.81
27.22
30.62

3.48
5.10
6.79
13.61
20.28
26.67
28.37
30, 14
31.30
31.98
32.66
33.27
33,95
34,16
34,22

4.76
5.44
6.12
6.80
8.51

0.0860 -

0.4500

0.4686

Xy Y1
ax
Cale Expl Calc”
126.04 K {C,5 = 0.0513)
0.1040 0.1028 0.5660 0.5709 -0.0012
0.1530  0.1519  0.6570 0.6570 -0.0011
0.2070 0.2043. 0.7170 0.7152 -0.0027
0.2660 0.2603 0.7600 0.7574 -0.0057
0.3330 - 0.3203 0.7930 0.7898 -0.0138
0.4800° 0.4528 0.8460 0.8377 -0.0272
0.6180 0.5981 0.8880 °0.8740 -0.0199
0.7640  0.7409° 0.9220 <0.9061 -0.0031
0.8540 0.8634% 0.9520 0.9388 ° 0.009%
0.9440 0.9588 0.9808 0.9754 0.0148
127.59 K (C,, = 0.0679) _
0.0097  0.0061 0.1144 0.0817 -0.0036
0.0471  0.0410 0.3786 ~ 0.3664 -0.0061
0.0912 0.0795 0.5318 0.5202 -0.0117
0.3040 0.2638 0.7662 0.7579 -0.0402
0.5475 0.5099 0.8564 0.8438 -0.0376
0.7825" 0.7749  0.9129  0.9033 -0.0076
0.8353  0.83%5 0.9263 0.9200 * -0.0008
0.8822  0.8893 0.9410 0.9385  0.0071
0.9122  0.9213  0.9521 0.9516 0.0090
0.9308 0.9387 0.9604 0.9596 0.0079
0.9412  0.9365 0.9644 _ 0.9365 -0.0047
0.9541  0.9493  0.9709  0.9493 -0.0047
0.9674 - 0.9625 ~0.9761 0.9625 -0.0048
0.9724 0.9676 0.9781 0.9676 -0.0049
0.9741 - 0.9692  0.9779  0.9692 -0.0049
133.15 K (C;5 = 0.0493)
0.0080 0.0067 0.0790 0.0655 -0.0013
0.0210  0.0210 ©.1780 0.1792 0.0
0.0360 0.0354 0.2600 0.2680 -0.0006
0.0500 ° 0.0501 0.3300_. 0.3394%  0.0001
0.0879 0.0019

Ay,

0.0049

0.0
-0.0018
~-0.0026
-0.0032
-0.0083
-0.0141

-0.0159

-0.0132
-0.0046

-0.0327
-0.0122
-0.0116
-0.0083
-0.0126
-0.0096
-0.0063
-0.0024
-0.0006
-0.0007
-0.0278
-0:0216
-0.0135
-0.0105
-0.0087

-0.0135
0.0012
0.0080
0.0094
0.0086

Ref

58
58

58

58
56
58
58

- 58

58
58

59
59

59

29
59

.59

59
59

- 59

59
59
59
59

- 59

59

58
58
58
58
58




Table A-1e (continued)
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Pressure Xy Y1
-atm Ax
{psia) Expl - Calc Expl Calc
. 133.15 K (C;» = 0.0493)
10.21 0.1250 0.1271 0.5500 0.5554  0.0021
11.91 0.1640 0.1679 0.6180 0.6178 ~ 0.0039
13.61 0.2050 0.2105 0.6680 0.6651  0.0055
17.01 0.3010 0.3013 0.7390 0.7324  0.0003
20.41 0.4060 0.4003 0.7890 0.7789 -0.0057
23.81 0.5130  0.5064 0.8290 0.8142 -0.0066
27.22 '0.6210 0.6160 0.8600 0.8433 .-0.0050
30.62 0.7250 0.7226 0.888Q0 0.8694 -0.0024
34.02 0.8220 0.8196 0.9120 0.8942 -0.0024
138 .46 K {(C;2 = 0.0539)
6.82 0.0165 0.0157 0.1499 0.1235 =0.0008
8.10 0.0411 0.0388 0.272%  0.2557 -0.0022
10.21 0.0810 0.0783  0.4183  0.4031 -0.0028
13.61 0.1490  0.1453  0.5568 0.5460 -0.0037
20.41 0.3037 0.2939 0.6983 .0.6914 -0.0098
26.67 .0.4593  0.4502 0.7677 0.7623 -0.0091
33.88 0.6430  0.6464 0.6146 0.8157  0.0034
37.29 0.7295 0.7382 0.8367 0.8367 0.0087
38.10 0.7466 0.7600 0.8392 0.8383  0.013%4
. 144.26 K (Cy;o = 0.0529)
8.57 0.0090 0.0084 0.0700 ©0.0590 -0.0006
10.21 0.0360 0.0357 0.2100 0.2066 -0.0003
~11.91 0.0630 ° 0.0636 0.3170 0.3130  0.0006
13.61 0.0890. 0.0922 0.3950 0.3933  0.0032
17.01 0.1450  0.1515  0.5120 0.5064  0.0065
20.41 0.2060 ~ 0.:2139 0.5920 0.5823 0.0079
23.81 0.2770  0.2799 0.6510 0.6368  0.0029
27.22 0.3520 0.3495 0.6920 0.6779 -0.0025
30.62 0.4310  0.4229 0.7260 0.7098 -0.0081
34,02 0.5090  0.4999 0.7520 0.7352 -0.0092
37 .42 '0.5880  0.5798  0.7700 0.7553 -0.0082
40.82 0.6680  0.6644  0.7830 0.7689 -0.0036

t

Ay,

0.0054

-0.0002

-0.0029
-0.0066
-0.0101
-0.0148
-0.0167
-0.0186
-0.0178

-0.0264
-0.0167
-0.0152
-0.0108 .,
-0.00s6
-0.0054
G.0011
-0v0020
-0.Q0079

-0.0110
-0.0034
-0.0040
-0.0017
-0.0056

--0.0097

-0.0142
-0.0141
-0.0162

-0,0168

-0.0147
-0.0141

Ref

58
58
58
58
58
58

56

58
58

59
59

.29

59
59
27
59
59

- ,*,

58

58

58

58
58
58

58 -

58

58
58

58
58
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Table A-1e {continued)

-

‘

L3445 0.

0.0014

Pressure X Y w -
atm - - Ax ) Ay, - Ref
{psia) Expl Calc Expl - - Cale :
] 149.82 K (Cyp = 0.0575)
12.18 0.0284 0.0256 0.1529 0.1386 -0.0028 -0.0143 57
13.78 0.051%  0.0483  0.2404 0.2299 -0.0031 -0.0105 57
16.98 0.0985 0.0951 0.3683 0.3620 -0.003% -0.0063 . 57
20.34 0.1503  0.1465 0.4579 0.4568 -0.0038 -0.0011 57
26.98  .0.2579 0.2549 0.5779 0.5742 -0.0030 -0.0037 57
33.68 0.3778  0.3757 0.6480 0.6443 -0.0021 -0.0037 57
40 .42 0.503%  0.5112  0.6867 0.6864 0.0078 -0.0003 57
44,16 0.5866 0.5969 0.6878 0.6954¢ 0.0103 0.0076 57
160.93 K (C,2 = 0.0582)
17.01 0.0098  0.0056 ~0.0445 0.0247 -0.0041 -0.0198 '57
18.81 0.0297  0.0268 0.1221 0.1057 -0.0029 -0.0164 57
20.48 0.0490 .0.0466 0.1835 0.1682 ,-0.0024 -0.0153 57
24.36 0.0957 0.0939 0.2986 0.2810 -0.0018 -0.0176 57
26 .84 0.1257  0.1252  0.3471  0.3360 -0.0005 -0.0111 57
30.91 0.1774  0.1790  0.4130  0.4071  0.0016 -0.0059 57
35.79 0.2457  0.2456  0.4671 0.4679 -0.0001  0.0008 57
40.69 0.3126  0.3183  0.5131  0.5111  0.0055 -0.0020 57
L4402 0.3683 0.3722  0.5284 0.5313 0.0039 0.0029 57
47.70 0.4382  0.4400 0.529 0.5413  0.0018  0.0117 57
48 .24 0.4514  0.4494  0.5187 0.5388 -0.0020 0.0207 57
48.31 0.4527  0.4531  0.5178  0.5409 0.0004 0.0231 57
172.04 K (C;o = 0.0709)
25.21 0.0060  0.0027 0.0194_ 0.0087 -0.0032" -0.0107 57
26.54 0.0169  0.0157  0.0525 0.0476 -050012 -0.0049 57
27.28 0.0245 0.0231  0.0740 0.0680 -0,001% -0.0060 57
30.82 0.0576 ; 0.0588 0.1532 0.1506 0.0012 -0.0026 57
34.02 0.0924  0.0923  0.2157 0.2099 -0.0001 -0.0058 57
37.42 0.1287 0.1296 0.2646 0.2607 0.0009 -0.0039 57
"40.69 0.1657  0.1672  0.3009 0.2996 0.0015 -0.0013 57
47.83 0.2599 0.2613 0 3545 0.0100 57

R}



Table A-1e (continued)
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Pressure X Yy
atm : Ax by, Ref
(psia) Expl Calc Expl Calc . o
177.59 K (C,» = 0.0867) .
30.62 0.0041 0.0048  0.0120 0.0129 0.0007 0.0009 57
34.05 0.0326  0.0360  0.079% 0.0847 0,003 0.0054 57
36.33 0.0555 0.0574 0.1266 0.1244  0.0020 - -0.0022 57
39.06 0.0828 0.0841 0.1693 0.7649 Q.0013 .-0.0044 57
41.44 0.1097 0.1086 0.2023 0.1?48 -0.0012 -0.0075 57
44,23 0.1391 0.1390° 0.2286 0.2238 0.0 -0.0048 57
46.00 0.1613  0.1598  0.2459 0.2387 -0.0015 -0.0072 57
47.63 0.1816 0.1807 0.2495  0.2497 -0.0009 0.0002 57
48.24 0.1929  0.1889 0.2488 0.2532 -0.0040 0.0044 57
48,99 0.2026 0.2014  0.2458 0.2576 -0.0012 q.0118 57
183.15 K (C,, = 0.0995)
392.19 0.0254  0.0283 0.0493  0.0544  0.0029  0.0051 57
40.69 0.0416 0.0419 0.0774 0.0759 0.0003 -0.0016 57
42.39 0.0566 0.0579 0.0963 0.09768 0.0011 0.0014 57
44 .50 0.0785° 0.078% 0.1251 0.121% 0.0004 -0.0037 57
45 .86 0.0911 0.093%  0.1357 0.1343  0.0023 -0.0014 S7
46.88 0.1060  0.105% 0.1425 0.1432 -0.0006 0.0007 57
47.63 0.1165 0.1157  0.1449  0.1497 -0.0008 0.0048 - 57
47.83 0.1175 0.1169  0.1425 0.1495 -0.0006 0.0070 57
¥
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Table A-1f

S

Values for the Binary System CO(1)-CH,(2)

/

Pressure Xy L Yt

atm _ Ax, Ay, Ref
(psia) Expl , Calc Expl # Calc L L
- 90.67 K (C;p = 0.0172)
0.26  0.0422 ° 0.043% 0.6080 0.5781 0.0017 -0.0299 ° 53
0.53 0.1130  0.1196 0.8000 -0.7902 0.0066 -0.0098 53
0.73 0.1780  0.1877 0.8590 0.85567 0.0097 -0.0023 53
0.94 0.2536  0.2643 0.8980 0.8958 0.0113 .-0.0022 53
1.38 0.4440  0.4519  0.9430 0.9416 0.0079 -0.00%% 53
1.52 0.5170 0.5208 0.9530 0.9517  0.0038 -0.0013 53
1.81 0.6710  0.6671 0.9700 0.9684 -0.0039 -0.0016 53 .
2.06 = 0.8010 0.7931 0.9800 0.9805 -0.0079 0.0005 53
. 2.25 0.8920  0.8800 0.9910 0.9885 -0.0120 -0.0025 53
~
///’,,/”/;— 91.56 K (C;5 = 0.0351)
0.26 0.0310  0.0256 0.4320 0.4913 -0.0054 0.0593 54

1.13 0.2460 0.2548 0.8630 0.8995 0.0088 0.0365 54
0.41 0.0590  0.0578  0.6050 0.6826 -0.0012 0.0776 54
0793 0.1650  0.1629 0.7940  0.8539 -0.0021 0.0599 54
ajgé 0.1140  0.1151 0.7360  0.8075 - 0.0011  0.0715 54

T 97,17 K (Cyp = 0.0299)

1,23 0.1650 0.1610 0.7760 0.8102 -0.0040 0.0342 54
0.46 0.03{0 0.0292  0.3850  0.4407 = -0.0018., 0.0557 54
0.64 0.0590  0.0575 0.5420 0.6067 -0.0015 0.0647 54
1.00. 0.1140  0.1176 0.7030 0.7577 0.0036 0.0547 54

105.18 K (C;5 = 0.0250)
0.86 . 0.0300 0.0275 0.3530 ~0.3337 -0.0025 -0.0193 54
2.08 0.1640 0.1601 0.7350 0.7463 -0.0039 0.0113 54
1.73 0.1130  0.1191 0.6640 0.6853 0.0061 0.0214 54
1.19 0.0580 0.0605 0.4970 0.5248 0.0025 0.0278 54
2.64 0.2450  0.2283 0.7890 54

-

0.8092

-0.0167

0.0202

A
4 .
.
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A-Tf {continued)

Table
\_/
Pressure X Y1
atm “A‘/? bx,
(psia) Expl Calc Expl Calc
. ‘ b
) 113.71 K (C,2 = 0.0210)
6.80 0.4445  Ou4lbs  0.8670  0.8684 -0.0001
, 114.48\K (C,7 = 0.0287)
1.79 0.0300 0. ; 0.2660 = 0.2907 0.0006
2.27 0.0570 0.050§\; 0.4150. 0.4483 - 0.0036
3.70 0.1640  0.1566, 0.6670 0.6777 -0.0074
4,78 - 0.2450 0.2360 0.7440 0.7618 -0.0090
3.10 0.1120  0.1152 0.5870  0.6068 0.0032
| 122.06 K (Cup = 0.0408) - \
13.61--  0.5910 0.6116 0.9065 0.8858 0.0206
6.80 0.2100 0.2049 0.6850 0.6941 -0.0051
123.90 K (C,2 = 0.0303)
3,16 0.0300 ; 0.0264 0.2040 0.2085 -0.0036
3.86 0.0570  0.0560 0.3420  0.3579
5.14 0.1110  0.1119  0.5090 0.5263 - 0.0009
130.37 K (C,p = 0.0382)
20.41 0.6160 0.6467 0.8830 0.8655
13.6] 0.3590  0.3540, 0.7575 0.7528 -0.0050 ~
7.48 7 0.1220 0.1203  0.5075 0.5052 -0.0017
6.80 0.0960  0.0972  0.4430 0.4529  0.0012
, 138.71 K {Cyp = 0.0544)
6.80 0.0171  0.0171 0.1055 0.1130 0.0
144.26 K (C,2 = 0.0207)
38.78 0.7875 0.7841 0.8365 0.8429 -0.0034
34,02 0.6715 0.6666 0.8060 0.8062 -0.0049
27.22 0.4750 - 0.4901 0.7315  0.7349  0.0151
20,41 0.3110  0.3111- 0.6345 0.6262 0,0001
13.61 0.1390  0.1375  0.4462  0.45207

~0.0010 ~ 0.0159

-AYL

0.0014

0.0247
0.0333"

0.0107

- 0.0178
0.0198

-0.0207
0.0091

0.0045

0.0173

0.0307 .-0.0175

-0.0016

~0.0047
-0.0023
0.0099

0.0075

0.0064

0.0002 °

0.0034
-0.0083
-0.0255

Hef

18

54
54
54
54
54

18
18

54
54
54

18
18
18

18

18
18
18
18
18
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Table A-1f (continued)

Pressure - Yi .
- atm . Ax Ay, Ref
(psia)  Expl Calc Expl Calc . L L
152.59 K (C,, = 0.0324).

“13.61 0.0352  0.0352 0.1405 0.1359 0.0 -0.0046 18

| . © 158:15 K (C,p = 0.0298) .
85.59 ©0.5510  0.5483  0.6220 0.5474 -0.0027 -0.0746 18
40.82 0.4560  0.4743  0.6300 0.6132 0.0183 -0.0168 18
27.22 0.2030  0.2155  0.4500 0.4401 0.0065 -0.0099- 18
20.41 0.0992  0.095% 0.2805 0.2639 -0.0038 -0.0166 18

- .g..\.‘:'
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Comparison of Experimental and Calculated VLE Composition
for the Binary System Hy(1)-CHy(2) (33), (Optimal Cij

Obtained for Individual Isotherms, ICL Equation)

Xy Y1
Pressure ‘ _ Ay Ay,
atm Expl Calc Expl Calc i — S
183.11 K (C;5 = -0.22118)
|8x|ay = 0.0058 Ay|ay. = 0.0134
38.64  0.0068  0.0082 0.0338  0.0334 0.0014 . -0.0004
39.63  0.0107  0.0111 0.0479  0.0443 0.0004 -0.0036
39.63  0.0107  0.0111 ~ ° 0.0489  0.0443 0.0004 -0.0046
41.44  0.0117  0.0166, 0.0589  0.0630 0.0049 0.0041
42.87  0.0173  Oh0209 0.0789  0.0767 0.0036 -0.0022
44.29  0.0203  0.0253 0.0907  0.0895 0.0050 -0.0012
48.61 0.0328  0.0368 0.1292  0.1236 0.0060 -0.0056
55.45  0.0529  0.0612 0.1706  0.1654 0.0083 -0.:0052
68.11 0.09%  0.1080 0.2028  0.2077 0.0086 0.0049
70.11 0.1084  0.1161 0.1990  0.2131. 0.0077 0.0141
72.45 0.1254 0.1263 0.1993  0.2221 0.0029 0.0228
73.14  0.1289  0.1294 0.1896  0.2238 0.0025 0.0342
. 73.35  0.1257  0.1304 0.1885  0.2225 0.0047 0.0340
74.53  0.1768  0.1870 V.1768  0.2269 0.0102 0.0501
e ! A
- 173.24 K (C;p = -0.20589)
|ax|av = 0.0184 [y|ay = 0.0304

30.24 - 0.0087  0.009 - 0.0882  0.0843 0.0009 20.0039
0.0196  0.0226 0.1755  0.1698 - 0.0030 - -0.0057
0.0327  0.0360 0.2422  0.2347 0.0033 ~~0.0075
S 0.0442  0.0574 0.2951  0.2896 0.0072 -0.0055
% 0.0590  0.0660  0.336%  0.3285 0.0070 -0.0079
' 0.0745 - 0.0820 0.3656  0.3604 0.0075 -0.0052
0.0973  0.1012 0.3966  0.3884 0.0039 -0.0082
0.1358  0.1362 0.4260  0.4211 0.0004 -0.0049
©.0.1685  0.1738 0.4229  0.4348 0.0053 0.0119
102.06  0.1941 0.1909 0.4163  0.4424  -0.0032 0.0261
108.87  0.2272  0.2122 0.3949  0.4448 -0.0150 0.0499
112,50 0.2487  0.2243 0.3621 0.4453  -0.0244 0.0832
113.32  0.2623  0.2271 0.3629  0.4416  -0.0352 0.0787
%72 0.3082  0.3607 0.3082  0.4356 0.0525 . 0.1274

/o
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Table A-2a (continued)

C

X Y1
Pressure ax |
v _atm  Expl  Cale  Expl  Cale @ _
163.16 K (C,, = -0.19027)
|ax|ay = 0.0398 [Ay[av = 0.0292
21.39  0.0063  0.0063 0.1192 0.1104 0.0
) 2412 0.0111 0.0113 0.1918  0.179%  "0.0002
28.3%  0.0188  0.0192 0.2686  0.2625 0.0004
39.87  0.0403 - 0.0407 0.4152  0.4039 0.0004
55.42  0.0688  0.0700 0.5131  0.5015 0.0012
69.03  0.0970  0.0960 0.5580  0.5482°  -0.0010
o 82.64  0.1222  0.1223 0.5825  0.5758 0.0001
96.24  0.1495  0.1492 0.5947  0.5925 . -0.0003
109.85  0.1802  0.1767 0.5962  0.6019  -0.0035
123.46  0.2155  0.2051 0.5924  0.6054  -0.0104
. 136.38  0.2506  0.2333  0.5745  0.6045 -0.0173
156.80  0.3661  0.49¢5 0.4827 , 0.5625 0.1304
157.48  0.3800  0.4948 0.4733 ' 0.5658  0.1148
157.81  0.4465  0.4937 0.4465 - 0.5650 0.0472
. 153.20 K (C,2 = -0.17483)
. [@x]av = 0.0595 [8y|ay = 0.0456

35.68  0.0357 “g.o37s " 0.5565  0.5456 0.0019
40.82  0.0843  b.0457 0.5954  0.5821 0.0014
40.82  0.0446  0.0457  0.5916  0.5821 0.0011
51.68  0.0622 ~ 0.0629 . ~ 0.6430  0.6345 0.0007
"61.23  0.074%  0.0779 0.6732 . 0.6638 . 0.0035
62.90  0.0795  0.0806 - 0.6752  0.6680,  0.0011
74.91. < 0.0974  0.0995 0.6973  0.6909 0.0021
81.65 ~0.1067  0.1101 0.7015  0.6999 0.0034
88.45  0.1202  0.1209 0.7105  0.7071 ‘* 0.0007
102.06  0.1417 0.1424 0.7177 0.7167 0.0007
115.66  0.1674  0.1641 0.7198  0.7222  -0.0033
136.07  0.2071  0.1969 0.711%  0.7238  -0.0102
196.29  0.3773  0.3792 0.6143  0.7548 0.0019
200.04  0.3944  0.3984 0.5973 . 0.7510 0.0020
202.42  0.4131  0.7439 0.5770  0.7364 0.3308
204.46  0.4434  0.5907 0.5568  0.6613 0.1473
205.48° 0.5157  0.5880 0.5157  0.6624 0.0723

Ay,

-0.0088
-0.012%
-0.0061
-0.0114
-0.0116
-0.0098
-0.0067

- =0.0022

0.0057
0.0130
0.0300
0.0798
0.0925
0.1185

-0.0109.
-0.0133
-0.0095
-0.0085 -
-0.0094
-0.0072
-0.0064

. -0.0016

-0.0034
-0.0010.
0.0024
0.0124
0.1405
0.1537
0.159%
0.1045
0.1467
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Table A-Za'(continued)

-~ 238.14

Xy Y,
Pressure - Ax
atm _ Expl  Cale Expl  Calc _
143.07 K (C,p = -0.15914)

lgx|av = 0.0747 By|ay = 0.0597

13.66  0.0079  0.0086 0.3986  0.3893 0.0007
34.06  0.0366  0.0366 0.6962 0.6908 0.0

40.99 = 0.0461 0.0460 0.7307  0.7247 -0.0001
54.53,  0.0657.  0.0643 0.7697  0.7644  -0.0014
68.00  0.0842  0.0824 0.7909  0.7864  -0.0018
81.64  0.1019  0.1005 -~  0.8062° 0.7996  -0.0014
85.04  0.1067  0.1050 0.8033  0.8018  -0.0017
~102.06 - 0.1283  0.1273 0.6083  0.8097 -0.0010
136.07  0.1794%  0.1716 0.80 0.8137 -0.0078
170.10 7.2366 0.2156 0.72;j 0.8090 -0.0210
204,11 0.2983 0.2596 0.7609  0.7993  -0.0387
221.13  0.3327 0.2818 0.7394  0.7928  -0.0510
238.14  0.3788  0.2227 0.7102  0.2230  -0.1561
255.24  0.4608 0.6668. 0.6447  .0.7248 -  0.2060
259.56  0.4892  0.6651 0.6167 0.7269 0.1759
260.59- 0.6046  0.6679  0.6046  0.7237 0.0633

132.94 K (Cyp = -0.14344) »

[8x]ay = 0.0110 |4y[av = 0.0086
27.18  0.0268  0.0278 0.7800-  0.7798  0.0010
35.04 0.0376  0.0372 0.8161 0.8138  -0.0004
40.85 0036  0.0441 0.8312 0.8301 0.0005
54 .46 0.0604 0.0600  0.8543 0.8534°  -0.0004
67.70  0.0738 0.0753 0.8663 0.8656  0.0015
68 .61 0.0776  0.0764 0.8658 0.8663 -0.0012
95.15  0.1068  0.1064  0.8751 0.8768  -0.0004
135.74  0.1488  0.1509 0.8711 0.8786  0.0021
170.10  0.1972 0.1874 0.8589 0.8744  -0.0098
204.66  0.2385  0.2233 °  0.8410  0.8673 -0.0152
0.2989 '0.2575 0.8201 Q.8585 - -0.0384

Ay,

-0.0095
-0.0054
-0.0060

. -0.0053

-0.0045
-0.0067
-0.0015 -
0.0014
0.0074
0.0189
0.0384
0.0534
-0.4872
0.0801
0.1102
0.1191

-0.06002
-0.0023

~0.0011

-0.0009
~0.0007
0.0005
0.0017
0.0075
0.0155
0.0263
0.0384

.
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- Table A-2a (continue'd)

~

Xy . Y1 o
Pressure ' Ax,
atm Expl Calc Expl Calc L
123.10 K (C,, = -0.12819)
|Ax|av = 0.0070 |Ay[av = 0.0040
44,56  0.0439 0.0452 0.9088  0.9058 0.0013
54.43  0.0554%  0.0553 0.9152  0.9137 -0.0001
58.17  0.061 0.0591 0.9178 0.9158 -0.0020
68.04  0.0691 0.0690 0.9206  0.9198 -0.0001
68.04  0.0693 0.0690 0.9211 0.9198 -0.0003
- 85.04  0.0841 0.0858 0.9217 0.9235 0.0017
102.06  0.1037 0.1022 0.9233 0.9246 ~0.0015
136.62 0.1411 0.1345 0.9193  0.9232 -0.0066
- 136.75  0.1402 0.1346 0.9183  0.9232 -0.0056
169.75  0.1724 0.1642 0.9098 0.9192 -0.0082
203.43  0.2146 0.1934 '0.8995  0.9138 -0.0212
118.12 K (C,2 = -0.12048)
|ax|ay = 0.0075 ay|ay = 0:0051
0.0386  0.0400 0.9284  0.9280 0.0014
0.0518  0.0530 0.9354  0.9360 0.0012
0.0662 0.0659 0.9397 0.9399 -0.0003
0.0975 0.0%66 0.9410  0.9423  -0.0009
0.1304 0.1262 - 0.9353 0.9402 -0.0042
0.1611 0. 1540 0.9285 . 0.9363 -0.0071
© 0.1925 0.1810 0.9187  0.9313 -0.0115
- 0.1941 0.1807 0.9181 0.9314 -0.0134
113.13 K (Cyp = -0.11274)
" |8¥]av = 0.0069° [8y|ay = 0.0053
27.83  0.0240 0.0258 0.9340  0.9336 0.0018
41,09 0.0352 0.0382 0.9490  0.9484 0.0030
54,57  0.0459 0.0504 0.9543 0.9535 ,0.0045
68.18  0.059%  0.0624 0.9572 0.9559 . 0.0030
84.78  0.0752  0.0766 0.9569  0.9568 0.0014

by,

-0.0030
-0.0015
-0.0020
-0.0007
-0.0013
0.0018
0.0014
0.0039
0.0049
0.0094
0.0143

-0.0004
0.0006
0.0002
0.0013
0.0050
0.0078
0.0127

.+ 0.0133

0.0026
-0.0006
. -0.0008
-0.0013
-0.0001
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Table A-2a (continued)

)
Xy _ R
Pri#ssure Ax ay,
atm Expl Calc Expl Calc L .
113.13 K (C;5 = -0.11274)
{ax|ay = 0.0069 [8y]av = 0.0053
102.19 0.0900 0.0911 0.9557 0.9565 0.0011 0.0008
135.53 0.1189 0.1177 0.9502 - 0.9542 -0.0012 0.0040
170.43 0.1485 0.1442 0.9448 0.9504 -0.0043 0.0056
204,11 0.1792 0.1686 0.9361 0.9460 -0.0106 0.0099
242 .90 0.2074 0.1955 . 0.9265 0.9404 -0.0119 0.0139
280.32 0.2335 6.2203 0.9160 0.9347. -0.0132 0.0187
108.12 K (Cy2 = -0.10498) i
|8x|ay = 0.0037 [Ay|ay = 0.0016"
35.38 0.0280f 0.0314 0.9631 0.9617 0.0034 -0.0014
41.24 0.0327 0.0365 0.9647 0.9641 0.0038 -0.0006
54.63  0.0435 0.0478 0.9668 0.9672 0.0043 0.0003
68.38 0.0546 0.0591 0.9682 '0.9684 0.0045 0.0002
77.90 0.0622 0.0667 0.9687 0.9686 0.0045 -0.0001
84.57 0.0684  0.0720 0.9690 0.9685 0.0038 -0.0005
95, 0762 0.0803 0.9681 0.9682 0.0041 0.0001
136.07 0.1056 0.1105  0.9630 0.9654 0.0049 .0.0024
168.06 G.1345 0.1328 0.9582 0.9622 -0.0017 0.0040
202 .04 0.1591 0.1554 0.9515 0.9583 -0.0037 0.0068
Y
— -l
e
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. ' - Table A-2b

Comparison of Experimehtal and Calculated VLE Compositions
for the Binary System H,{1)<CH,(2) (33), (Correlated
Cij Obtained from Equation (III-1),.ICL Equation)

Xy : Y1 : ' :
Pressure ‘ ax _ A%ﬂ
atm . Expl Calc Expl Calc

183.11 K (C,p = -0.14777)

|ax|ay = 0.0038 |ay|ay = 0.0206 '
38.64  0.0068  0.0077 0.0338 " 0.0331 0.0009 -0.0007
39.63  0.0107  0.0105 0.0479  0.0439  -0.0002 -0.0040
39.63  0.0107  0.0105 0.0489  0.0439  -0.0002  -0.0050
41,84 0.0117  0.0156 0.0589  0.0625 0.0039 0.0036
42.87  0.0173  0.0197 0.0789  0.0762 . 0.0024 -0.0027
44.29 ° 0.0203  0.0238 0.0907  0.08%0 0.0035 -0.0017
48.61  0.0328  0.0365 0.1292  0.1235  0.0037 -0.0057
55.45  0.0529  0.0572 0.1706  0.1660  '0.0043 ~0.0046
62.26  0.0740  0.0791 0.1968  0.1965 0.0051 -0.0003y
62.59  0.073%  0.0803 0.1907  0.7958 0.0069 0.0051
68.11  0.099%%  0.0990 0.2028  0.2201  -0.0004 0.0173
70.11  0.1084  0.1062 0.1990  Q.2254  -0.0022 0.0264
72.45  0.123%  0.1222 0.1993  0.2431  -0.0012 0.0438
73.14  0.1269  0.1256 0.1896  0.2453  -0.0013 0.Q557
73.35  0.1257  0.1245 0.1885  0.2442  -0.0012 0.0557
7440 0.1487  0.1472 0.1817  0.2506  -0.0015 0.0689
74.53  0.1768  0.1913 0.1768 [ 0.2279 0.0145 0.0511

“\

173.24 K (C,p = -0.22596)

|ax|ay = 0.0116 [Ay|ay = 0.0308
30.24  0.0087 0.0098 0.0882  0.0844 0.0011 -0.0038
35.96 0.0196 0.0231 0.1755 0.1699 0.0035 -0.0056
41.81 0.0327 . 0.0368 0.2422 0.2346 0.0041 -0.0076
48.47 0.0442 0.0526 0.2951 0.2892 0.0084 -0.0059
54,60 (.0590 0.0676 0.3364  0.3278 0.0086  -0.0086
61.23 0.0745 0.0840 0.3656 _  0.3592 0.0095 -0.0064
69.03 . 0.0973 0.1038 0.3966  0.3864 0.0065 . -0.0102
82 .64 0.1358 0.1400 0.4260  0.4174 0.0042  -0.0086
. 96.27 0.1685 0.1793 0.4229 0.4282 0.0108 0.0053
102.06 0.191%  0.1973 0.4163  0.4344 0.0032 0.0181

s

L]

/ﬁ
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Table A-2b (continued)

0.

: Xy Yu
Pressure
atm © Expl Calc Expl ' Cale
! ' 173,24 K (€, = -0.22596)
- |ax]ay = 0.0116 |Ay|ay = 0.0308
108,87 0.2272 0.2200 0.3949  0.4375 -0
T112.50  0.2487 0.2464 0.3621 0.4546 -0
113.32 0.2623  0.2597 0.3629  0.4582 -0
114.72 0.3082 0.3580 0.3082  0.4299 0
: 163.16 K (C,» = -0.24949)
[8x]av = 0.0327 {ay|ay = 0.0298
oy, 21039/ 0.0063 0.0067 0.1192 0.1106 0
24,12 0.0111 0.0122 0.1918 0.1796 0
28.3%  0.0188 0.0207 0.2686 0.2623 o
39.87  0.0403  0.0440 0.4152 0.4023 0
55.42 0.0688 0.0760 0.5131 0.4979 0
69.03  0.0970  0.1046 0.5580  0.5423 0
82.64 U.1222 0.1338 0.5625 0.5678 0
96.24 . U.1495 0. 1641 0.5947 0.5811 0
109.85-  0.1802 0.1955 0.5962 0.5874 0
123.46  0.2155 ° 0.2288 0.5924  0.5839 0
136.38  0.2506  0.2626 0.5745  0.5780
149,99 0.3095 ' 0.3020 0.5290  0.5731 -0
153.39 0.3283 - 0.3129 0.5156 0.5575 -0
156 .80 0.3661 0.4667 0.4827  0.5671 0
"157.48  0.3800  0.478%4 0.4733  0.5517 0
157 .81 0.4465 U.4764 0.4465 0.5541 0
153.2U K (Cyp = -0.24157)
|8x}ay = 0.0259 [ay|ay = 0.0328
35.68 0.0357 0.0417 0.5565 0.5431 0
40.82 0.043 . 0.0508 0.5954  0.5790 0
40,82 0.0446  0.0508 0.5916  0.57%0 0
51.68 0.0622 " 0.0700 0.6430 0.6300 0
61.23 0.0744%  0.0870 0.6732  0.6582 0
62.90  0.0795 0.0900 0.6752 0.6618 0
74.91 0.097%  0.1115 0.6973  0.6829 0

Ax

.0072
.0023
.0026
.0498

. 0004
L0011
.0019
.0037
.0072
.0076
0116
0146
.0153
L0133

.0075
0154
. 1006
.0984
.0299

.0060
.0065
.0062
.0078
.0126
L0105
L0141

0120

ay,

G.0426
0.0925
0.0953
0.1217

/’

-0.0086

-0.0122
-0.0063
-0.0129
-0.0152
-0.0157
-0.0145
-0.0136
-0.0088
-0.0085
0.0035
0.0441
0.0419
0.0844
0.0784
0.1076

-0.0134
-0.0164
-0.0126
-0.0130
-0.0150
00134
-0.0744
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Table A-Zb (continued) -

Xy Yi
Pressure L — Ax Ay,
atm Expl Calc Expl Calc _ L
153.20 K (C;o = -0.24157)
|ax|qy = 0.0259 Aylay = 0.0328
81.65  0.1067  0.1237 0.7015  0.6917 0.0170 -0.0098
88.45  0.1202  0.1360 0.7105  0.6978 0.0158 -0.0127
102.06  0.1417  0.1610 0.7177 . 0.7054 0.0193 -0.0123
115.66  0.1674  0.1863 0.7198  0.7083 0.0189 -0.0115
136.07  0.2071  0.2254 0.7114  0.7057  0.0183 -0.0057
- 153.09 ° 0.2425  0.2593 0.6976 , 0.6993 . ' 0.0168 0.0017
170.10  0.2843  0.2951 0.6776  0.6875 0.0108 0.0099
187.58  0.3385  0.3347 0.6406  0.6763  -0.0038 0.0357
196.29  0.3773  0.3560 0.6143  0.667%  -0.0213 0.0531
200.04 - 0.3964  0.3925 " 0.5973  0.6841 -0.0039 0.0868
202.42.  0.4131 . 0.4090 0.5770  0.6838  -0.0041 0.1068
204.46  0.4434 0.5644 0.5568  0.6454 0.1210 0.0886
205.48  0.5157  0.5642 0.5157  0.6425 0.0485 0.1268
143.07 K (Cyp = -0.17364)
[8x[ay = 0.0670 [ay|ay = 0.0334 i
13.68  0.0079  0.0088 0.3988  0.3892 0.0009 -0.0096
34.06  0.0366  0.0376 0.6962  0.6901 0.0010 -0.0061
40.99  U.0461  0.0473 0.7307  0.7238 0.0012 -0.0069
54.53  0.0657  0.0661 0.7697  0.7634 0.0004 . -0.0063
68.00  0.0842 . 0.0847 0.7909  0.7851 0.0005 ~0.0058
81.65  0.1019  0.1035 0.8062  0.7929 0.0016 -0.0083
85.04  0.1067  0.1081 0.8033  0.8002 0.0014 -0.0031
102.06  0.1283  0.1313 0.8083  0.8076 0.0030 -0.0007
136.07  0.179%  0.1773 0.8063  .0.8109  -0.0021 0.0046
170.10  0.2366  0.2232 0.7901  0.8050  -0.0134 0.0149
221.13  0.3327  0.2931 0.7394 ° 0.7867  -0.039% 0.0473
255.24  0.4608  0.7454 0.6447 ° 0.7577 0.2846 0.1130
259.56  0.4892  0.6452 0.6167  0.7353 0.1560 0.1186
260.59 0.6046  0.6588 0.6046  0.7264 0.0542 0.1218
v
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Table A-2b {continued)

L X1

Pressure
atm Expl
27.18 0.0268
35.04 0.U376
. 40.85 0.0436
. 5446 0.0604
67.70 06.0738
68.61 0.0776
95.15 0.1068
135.74 0.1488
170.10 0.1972
204 .66 0.2385
238.14 0.2959
272.16 0.3565
44,56  0.0439
54.43  0.0554
;58017 0.0611°
68 .04 U.0691
68.04 0.0693
§5.04 0.0641.
102.06 -0, 1037
136.62 0.1411
136.75 0.1402
169.75 0.1724
203.43 0.2146
41.16 0.0386
54,70 0.0518
68.31 0.0662
102.06 G.0975

Y1
Calc Expl Calc
132.94% K (C,p = -0.17484)

[8x]av = 0.0722 [ay|ay = 0.0099
0.0297 0.7800 0.7786 0
0.0398 0.8161 0.8124 0
0.0472 0.8312 0.8285 0
0.0544 0.8543 0.8514 0
0.0809 0.8663 0.8633 0
0.0820 0.8658 016639 0
0.1146 0.8751 0.8736 0
0.1632 0.8711 0.8739 0
0.2036 0.8589 0.8680 0
0.2438 0.8410 0.8587 0
0.2827" 0.8201 0.8477 -0
U.3225 0.7894 0.8340 -0

™
123.10 K (Cy2 = -0.14249)

|ax|ay = o.ggqp Aylay = 0.0034
0.0468 % 0.9088 0.9052 0
0.0574 0.9152 0.9130 0
0.0613 0.9178 0,9150 0
0.0717.  0.9206 0.9190 ° 0
0.07}7 0.9211 0.9190 0
0.0892 0.9217 0.9225 0
0.1063 0.9233 0.9235 0
0.1401 0.9193 0.9215 -0
0.1402 6.9183 0.9215 . 0.
0.1713 °~ 0.9098 0.9171 °  -0.
0.2021 U.8995 0.9110 . -0

118.12 K (C,5 = -0.13485)
ax |gy= 0.0026 |ay|av = 0.0040
0.0416 0.9284 0.9275 0.
0.0552. 0.9354 0.9354 0
T0.0686  0.9397 0.9392 0.
0.1007 0.9410 0.9413 _ - 0

Ax

.0029
0022
.0036
.0039
.0071%
L0044
.0078
L0144
L0064
.0053
0132
L0340

.0029
.0020
.0002
.0026
.0024
L0051
.0026
-0010

0011

L0125

0030

L0034
0024
.0032

Ay,

L0014
L0037
-0027
0029
.0030
0019
0016
.0026
L0091
L0177
0276

L0446, .

.0036 .

.0022
.0028
L0016
.0021
.0008
.0002
.0022
.0032
.0073
.0115

.0009

.0005
.0003

N



X1 Y1
- Pressure Ax Ay,
atm Expl Calc Expl Calc L -
4 118.12 K (C,p = -0.13485)
_ [x|av = 0.0026 [y|av = 0.0040
136.42  0.13046  0.1319 0.9353  0.9388 0.0015 0.0035
170.10  0.1611  0.1612 0.9285  0.9344 0.0001 0.0059
204.11  0.1925  0.1897 0.9187  0.9290  -0.0028 0.0103
203.78  0.1941  0.189% 0.9181  0.9290  -0.0047 0.0109
113.13 K (€2 = =0.12014)
|ax|av = 0.0085 |ay|ay = 0.0049
27.83  0.0280  0.0264 0.9340  0.9364 0.0024 0.0024
41.09  0.0352 00390 0.9490  0.9487 0.0038 +0.0009
54.57  0.0459  0.0515 0.9543  0.9533 0.0056 ~0.0010
68.18  0.059&  0.0638 0.9572  0.9556 0.0044 -0.0016
B4.78  0.0752  0.0783 0.9569  0.9564 0.0031 -0.0005
102.19 = 0.0900  0.0932 0.9557  0.9561 0.0032 0.0004
135.53  0.1189  0.1206 0.9502  0.9536 0.0017 0.0034
170.43 ° 0.1485  0.1479 0.9448  0.9496  -0.0006 0.0048
204.11  0.1792  0.1730 0.9361  0.9450 " -0.0062 0.0089
242.90  0.207%  0.2008 0.9265  0.9391  -0.0066 0.0126
260.32  0.2335  0.2265 0.9160  0.9330  -0.0070 0.0170 .
108.12 K (C;o = -0.09593)
|ax}av = 0.0040  |ayay = 0.0019
35.38  0,0280  0.0305 0.9631  0.9619 0.0025 -0.0012
41.26  0.0327  0.0354 0.9647  0.9643 0.0027 -0.0004 .
54.63  0.0435  0.0464 0.9668  0.9674  0.0029° 0.0006
63.38  0.0546  0.0574 0.9682  0.9687 0.0028 10.0005
77.90  0.0622  0.0648 0.9687  0.9689 0.0026 0.0002
84.57  0.0684  0.0699 0.9690  0.9689 0.0015 -0.0001
+95,26  Q.0762  0.0779 0.9681  0.9686 0.0017 0.0005
136.07  0.1056  0.1071 0.9630  0.9660 0.0015 0.0030 -
168.06  0.1345 = 0.1286 0.9582  0.9630  -0.0059 0.0048
202.04  0.1591  0.1503 0.9515  0.9593 - -0.0088 0.0078
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Table A-2b (continued)

-
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L APPENDIX B -

EXPERIMENTAL AND CALCULATED VLE

VALUES FOR TERNARY SYSTEMS

system.

m~
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APPENDIX B

%.
[ r

Comparison of Experimental ana Caicuiated VLE Composi-

tions for Three Hydrogen Containing Ternary Systems

(31), (Correlated Cij Obtained from Equation (III-1);
ICL tquation)

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

Compd}ison of Experimental and Calculated VLE Composi- .

tions for Three Hydrogen Containing Ternary Systems
(100), (Correlated Cij Obtalned from Equation (III-1),
ICL Equation)

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

. Comparlson of Experlmental and Caiculated VLE Comp051-“.

tions for Three Hydrogcn Lontalnlng Ternary System
(100), (Modified SRK Equation) ... i,

O

<"
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Table B-1

) Comparison of Experimen%al and Calculated VLE Compositions for Three
Hydrogen Containing Ternary Systems (31), (Correlated Cij

~ Obtained from Equation (III-1), ICL Equation)

+  Pressure ' X , y
atm Comp. Expl. Calc Expl Calc - Ax Ay

System Hp(1)-N2(2)-C0(3) at 83.15 K (C,,=-0.03902, C13=-0.'02517, C23=—0.00§86)

{8x}ay = 0.0040 [8y|av = 0.0088
21.43 1 0.080%  0.0436  0.8865  0.8993  0.0032  0.0128
2 0.2186  0.2154  0.0416  0.0311  -0.0032 -0.0105
21.43 1 0.0460  0.0498  0.8662  0.8706  0.0038  0.004%4
.2 0.8270  0.8232 .0.1169 ' 0.1164 -0.0038  -0.0005
34,02 1 0.0658  0.0681  0.9250  0.9224  0.0023 ~0.0026
2 0.1165  0.1142  0.0158  0.0137  -0.0023  -0.0021
34.02 1 0.0672  0.0701  0.9198  0.9179  0.0029 -0.0019
2 0.2170  0.2141  0.0285  0.0255 -0.0029 .-0.0030
34.02 1 . 0.0726  0.0752  0.9073  0.9069  0.0026 -0.0004
2 0.4784  0.4758  0.0583  0.0562 -0.0026 - -0.0021
34,02 .1 0.0745 0.0777 0.9018 0.9015 0.0032  -0.0003
2 0.6195  0.6163  0.0710  0.0727 -0.0032  0.0017
3%.02 1 0.0755  0.0795  0.8987  0.8978  0.0040 -0.0009
2 0.7185  0.7146  0.0819  0.0845 -0.0040  0.0026
34,02 1 0.0761  0.0811.  0.8964  0.8943  0.0050 -0.0021
2 0.8176  0.8126  0.0932  0.0964 -0.0050  0.0032
95.26 1 0.1815  0.1826  0.9080  0.9178  0.0011  0.0098
2 0.0940  0.0929  0.0768  0.0127  -0.0011  -0.0041
95.26 1 0.1828  0.1840  0.9067  0.9168  0.0012  0.0101
' 2 0.1122 . 0.1110  0.0201  0.0152 -0.0012  -0.0049
95.26 1 0.1950  0.196%9  0.8950  0.9071  0.0019  0.0121
S 2 0.2860  0.2841 0.0483  0.0398 -0.0019  -0.0085
95.26 1 0.209%  0.2114  0.8831  0.8965  0.0020  0.0134
> 2 0.4796  0.4776  0.0810 0.0691  -0.0020  -0.0119
"95.26 1 0.2190  0.2217  0.8765  0.88%0  0.0027  0.0125
2 0.6212 . 0.6185  0.1049  0.0923 -0.0027 -0.0126
95.26 1 0.2231  0.2263  0.8731  0.885  0.0032  0.0125
‘ 2 0.6864  0.6832  0.1159  0.103¢  -0.0032 -0.0125
136.08 1 0.2815* 0.2725 ' 0.8508  0.8841 -0.0090"  0.0333
© 2 0.2270  0.2360  0.0440  0.0447  0.0090  0.0007
136.08 1 0.3000  0.2892  0.8356  0.8733 -0.0108  0.0377
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Table B-1 (continued)

/

o
Pressure X y °
atm Eggg. Expl Calc Expl Calc ax Ay
System Hy (1}-N3(2)-C0(3) at 83.15 K (C,2=-0.03902, C13 =-0. 02517 Ca3=-0. 00686)
Cx I+ = 0.0040 y M= = 0.0088
136.08 .2  0.3500 0.3608 0.0743 0‘9717 0.0108 -0.0026
136.08 1 0.3317 0.3193 0.80%90 0.8532 -0.0124 0.0442
2 0.5644 0.5768 0.1550 0.1276 0.0124°  -0.0274
bysten Hp(1)-Np(2)-C0(3) at ¥9.82 K~(C,2=-0.06291, C;3=-0.06767, C03=-0.,00846)
[4x|ay = 0.0053 |Ay|av = 0.0093
‘ 21.43 1 0.0393 0.0410 0.6682 0.6509 0.0017 -0.01Z4
2 0.08M 0.0794 070332 °  0.0386 ~0.0017 ~ -9.0006
21.43 1 0.0398 - 0.0413 0.6504 0.6333 0.0015  -0.0171
- 2 0.1970 0.1955 0.0958 \‘0.0943 -0.0015 /* -0.0015
: 21.43 1 0.0400 0.0415 0.6357 0.67%0 0.0015 _ -0.0767
((' 2 0.2980 0.2965 0.1320 0.1423  -0.0015 0.0033
21.43 1 0.0397 U.0419 0.5919 0.5864 0.0022 -0.0055
2 0.5493 U.5471 0.2563 0.2607 -0.0022 0.0044
21.43 1 0.0392 ¢.0420 0.5680 0.5675 0.0028 -0.0005
2 0.7102 0.7074 0.3315 0.3369  -0.0028 0.0054
21.43 1T 0.0385 ¢.0420 0.5563 0.5507 0.0035 -0.0056
. 2 0.8651 U.8616 0.4037 0.4116  -0.0035 0.0079
21.43 1 0.0380 G.0819 0.5519 0.5429 0.0039  -0.00%0
20,9413 0.9374°  0.4393 0.4489  -0.0039 0.00% _
34.02 1 0.0689 ¢.0735 0.7483 0.7331 0.0046 -0.0757%"
2 0.0766 0.0720 0.0335 0.0273 -0.0046  -0.0062
3%.02 1 0.0707 0.0748 0.7318 0.7193 0.0041  -0.0125
2 0.1908 0.1867 0.0797 0.0705 -0.0041  -0.0092
.02 1 0.0720 0.0759 0.7190 0.7073 0.0039  -0.0117
2 0.2968 0.2929 0.1133 0.1104 -0.0039 -0.0029
34.02 1 0.0744 0.0791 0.6868 0.6705 0.0047 -0.0163
2 0.8576 0.6529 0.2352 0.2473  -0.0047 0.0121
34,02 1 0.0745 0.0792 0.6851 0.6688 0.0047  -0.0163
2 0.6761 0.6714 0.2422 0.2544 -0.0047 0.0122
34%.02 1 0.0744+  0.0801 0.6740 0.6548 0.0057 -0.0193
2 0.83452 0.8285” 0.2985 0.3162  -0.0057 0.0177
34,02 1 0.0744 0.0802 0.6732.  0.6536 0.0058 -0.0194
2 0.8455 0{§397 ¢ 0.3023* 0.3207 -0.0058 0.0184
o
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Table H-1 (contiﬁhed)

Pressure
atm

X

- Comp. Expl

54.43°
54.43
54.43
54.43
54.43
TTSETE3
74.85
74 .85
74.85
74,85
74.85
95.26
35.26
95.26

95.26
£ 4

Calc Expl Calc Ax Ay .
System Hp(1)-N2(2)-00(3) at 99.82 K (C,9=-0.06291, C,3=-0.06767, C73=0.00846)
Ax|ay = 0.0053 Ay|ay = 0.0093 :
1281  0.1285  0.7708  0.7671  0.0004  -0.0037
1342 0.1338  0.0492  0.0443  -0.0004  -0.0049
.1;62 0.133  0.7539  0.7489  -0.0008  -0.0050
3074 - 0.3082  0.1099  0.1030  0.0008 -0.0069
L1366  0.1378  0.7398  0.7320  0.0012  -0.0078
4826 0.4814  0.1627  0.1628  -0.0012  0.0001
L1378 0.1416  0.7290  0.7166  0.0038  -0.0012
.6556  0.6518  0.2120  0.2239  -0.0038  0.0119
J381 0.1429 0.7256  O.7109  0.0048  -0.0147
7230 0.7182 - 0.23%0  0.2484  -0.0048~_  0.0144
L1383 0.1446  0.7213 . 0.7022 o.oos§:> -0.0191
8313 0.8250  0.2693  0.2887 -0.0063  0.0194
L1860 0.1832  0.7760  0.7846  -0.0028  0.0086
WL717  0.0745  0.0257  0.0247  0.0028  -0.0010
.2030  0.1955 _ 0.7448  0,7478 -0.0075  0.0030
3452 0.3527  0.1237  0.1223  0.0075 -0.0014
2074 0.2027°  0.7317  0.7320  -0.0047  0.0003
4995 0.5082  0.1790  0.179%  0.0047  0.0004
2102 0.2100  0.7208  0.7141  -0.0002  -0.0067
(6817 | 0.6819  [0.2643  0.2511 0.0002  0.0068
211 © 0.2128 077181 0.7068  0.0014  -0.0113
7611 07597 0.2727  0.2841  -0.001%  0.0114
.2527  .0.2389  0.7578  0.7684 -0.0139 ' 0.0106
.0663  0.0802  0.0330  0.0292  0.0139  -0.0038
2662  0,2474%  0.7357  0.7543  -0.0188  0.0186
1634 © 0.1822  0.0873,  0.0681  0.0188  -0.0%32
2792 b.2589  0.709%/ 0.7365 -0.0203  0.0275
.2965  0.3168  0.1476  0.1229  0.0203  -0.0247
L3001 0.2868  0.6565  0.6908 -0.0133  0.0343
6522 0.6655 03247  0.2904  0,0133  -0.0344

LR N B A T L e B o B Ll A oS B A B o R o L T 0 ° T oS

' »
System Hp(1)-Nu{2)-C0(3) at 122.04 K (Cy2=-0.09475, Cp3=-0.12432, C23=0.01059)

34.02

1
2

[6x]ay = 0.0039 [Ay[av = 0.0162
0.0422 0.0501 0.1974 0.2121 0.0079
0.1481 0.1402 (.1395 0.1306

-0.0079

0.0147
-0.0089
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Table B-1 (continued) ' +
7.
Pressure X . ‘
atm Comp. Expl Calc Expl Calc by
System H2(1) No(2)}-C0{3) at 122 04 K (C;0=-0.09473, Cp3=-0. 12432 C23=0.01059)

[ax| ay =,0.0039 |ay|av = 0.0162 f

3,02 1 0.0395  0.0472  0.1660  0.1799  0.0077  0.0140
2 0.3279 . 0.3202 0,309  0.2973 .-0.0077 -0.0117
34,02 1 0.0356  0.0441 0.1357 -~ 0.1520  0.0085  0.0163
2 0.5083  0.4998  0.4791  0.4637 -0.0085 -0.015%
33,02 1 0.0332  0.0423 Y4204 0.1381  0.00917  0.0177
2 0.6086  0.5997 JfngZ§38 0.5569  -0.0091 -0.0169
33,02 1 0.0286  0.0287  ©.0945  0.0286 -0.0001 -0.0659
2 0.8242  0.8243  0.7768  0.8244  0.0001  0.0476
54.43 1 0.1387  0.1486  0.3095  0.3266  0.0099  0.0171
2 0.1330 0.1231 0.1120  0.1047  -0.0099  -0.0073

r

System Hp(1)-Na(2)-CHy(3) at 144.26 K (C,p=-0.12659, C,3=-0.16098, Cp3=0:06317)

|x|ay = 0.0015 by|ay = 0.0182 .
34,02 1 0.0286  0.0309  0.4337  0.4689  0.0023  0.0352
o 2 0.0998  0.0975  0.2191  0.2111  -0.0023  -0.0080
36.02 1 0.0155  ©0.0195  0.16%7  0.1995  0.0040  0.0318
2 0.2739  0.2699  0.5087  0.4986 -0.0040 -0.0101
36,02 1 0.0030  0.0075 ° 0.0236  0.0529  0.0045  0.0293
) _ 2 0.4176  0.4131 - 0.6793  0.6648  -0.0045 -0.0145
>/ 66.05 1 0.0826  0.0835  0.6735 .0.6881 0.0009  0.0146
2 0.0617  0.0608  ©0.0838  0.0846 -0.0009  0.0008
68.05 1 0.0849  0.0853  0.5002  0.5373 + 0.0004  0.0371
. 2. 0.1790 0.1787.  0.2377 0:2315  -0.0004 .-0.0062
66.05 1 0.0915  0.0935 + 0.3130  0.3370 0.0020 ..0.0240
o 2 0.3733  0.3713  0.4291 0.4256  -0.0020  -0.0035
- 68.05 1 0.0932 0 0.3005  0.3203  0.0017  0.0198
20043912 0 . 0.4413  0.441%  -0.0017  0.0601
68,05 1 0.0926 0. 0,278 03020  0.0040  0l0262 - i
2 0.4137 0. 0

637 0.4585 - -0.0040  -0.0052
System Hp(1)-C0(2)-CHy(3) at 173.24 K (C,9=-0.25484, C,3=-0.20589, C23=U.03749§:'
| Ax|ay =-0.0025 [8y|av = 0.0136

40.82 10,0288 0.0297 - ¢.1818 0.1829 0.0011 0.0011
2 -0.0301  0.0290 0.0594 0.0543  -0.0011 -0.0051" /
40.82 1 0.0059° 0.0110” 0.0320 0.0471 0.0051 0.0151
- 2  0.1503 0.1452 0.2528 0.2389  -0.0051  -0.0139
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Table B—1-(continued)

- atm

Com

X

. Expl

Calc

- Expl

Calé

Ax

Ay.

(3) at 173.24 K (C;2=-0.2548%; C,3=-0.20589, Cy3=0.03749)

40.82

5443

54.43
68.04
68 .04
f
68. 04

102.06

102.06 .

1
2
1
2
1
2
1
2
1
2
1
Fd
1
2
1
2

System Hp (1)-C0(2)-CH,

L0461

Ax|ay = 0.0025 by|ay.= 0.0136
.0020 0.0044 0.0099 0.0169 0.0024
.1820 0.1796 0.2848 0.2831  -0.0024
L0578 0.0632  0.2871 0.2916 0.0054
0322 0.0268  0.0517 - 0.0421  -0.0054
L0300 0.0369 0.0300 0.0502 0.0069
.2900 0.2831 0.2900 0.3096 -0.:0069
.0935 0.0980 0.3485 0.3525 0.0045
L0304 0.0259 0.0427 0.Q357  -0.0045
L0877 0.0972 0.1540 0.1949 0.0095
L1750 0.1655 0.2038 0.1967  -0.0095
L0916 0.0986 0.1340 0.1725 6.0070
L1913 0.1843 0.2086 0.2119  -0.0070
L1976 0. 1957 0.3828 04168  -0.0019
.0168 0.0187 0.0188 . 0.0212  0.0019
L1271 0.1265 0.1271 0.1264  -0.0006

0.0467 0.0481 ~0.0467 0.0006

—

.0070
.0017
.0045
.0096
L0202
.0198
.0040
.0070
. 0409
L0071
.0385
.0033
.0340
024
.QOG7
.0006

Systemn Hp(1)-CO(2)-CHy(3) at 163.16 K (C;2=-0.22914, C,3=-0.19027, Cp3=0.03622)

[8%[av = 0.0039  [ay[ay = 0.0157
27.22 1 0.0131- - 0.015  0.2050  0.2109  0.0023  0.0059
2 0.0179  0.0156  0.0500% 0.039% -0.0023 -0.0106
27.22 1 0.0096  0.009%  0.1063% 0.1144  -0.0002  0.0081
_ 2° 0.8670° -, 0.0672  0.1716  0.1615  0.0002 -0.0102
27.22 1 0.008%  0.0083  0.0933  0.0993 -0.0006  0.0060
2 0.07%%,  0.0760  0.1846  0.1810  0.0006 -0.0036
27.22 1 0.0070  0.0052  0.0700  0.0589  -0.0018  -0.0111
2 0.0985 0. 0.2323  0.23%0  0.0018  :0.0017
40.62 1 0.035BF% 0fo411  0.3760  0.3836  0,0061  0.0076
2 0.0234 0173 0.0848  0.0327 -p.0061  -0.0121
40.82 1 0.0350  0.0411  0.34%0  0.3836  0.0061  0.0346
2 0.023%.  0.0173  0.0422  0.0327 -0.0061 -0.0095
40282 1 0.0336  0.0394  0.3517  0.3512  0.0058  -0.0005
2+ 0.0436  0.0378  0.0812  '0.0704 -0.0058 -0.0108
40.62 1 0.0330  0.0351 . 0.2671  0.2777  0.0021  -0.009%
2 0.0896  0.0875  0.1578  0.1572 -0.0021  -0.0006
-~

- ﬁﬁﬁ\ '
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Table B-1 (continued)

"9627 Coa=0) 8%622)

Pressure : Y
atm Comp. Expl\ Calc Expl Calc
System Hp (1)-C0(2)-CHy(3) at 163.16 K (C,5=-0.2291%, C,3=-0.7
_ Ax|ay = 0.0039 Aylay = 020157
40.62 1 0.0322  0.0315  0.2335  0.2272 -0.0007
.2 0.128%  0.1251°  0.2174  0.2181 ' 0.0Q07
40.82 1 0.0262  0.0262  0.1429  0.1648 0. 0620
2 0.1787  0.1767 0.3159  .0.2952  -0.0020
40.82 1 0.0198  0.0207  0.1042  0.1139  0.0009
2 0.225%  0.2245  0.3681  0.3598 . -0.0009
54.43 1 0.0614  0.0660  0.4340  0.4315  0.0046
2 0.0512  0.0466  0.0782  0.0719 - -0.0046
54.43 1 0.0572  0.0632  0.3603  0.3614  0.0060
2 0.1068  0.1008  0.1576  0.1499  -0.0060
56.43 1 0.0549  0.0614  0.3125  0.3213  0.0065
_ 2 0.1407  0.1342  "0.2067  0.1951. -0.0065
56.43 1 0.0458  0.0581  0.2275  0.2591  0.0123
©2 0 0.2030  yg.1907  0.2861  0.26617  -0.0123
S4:43 . 1 0.0449  0.0551 . 0.1833  0.2120  0.0102
- 2 T 0.2486  0.2382  0.3380  0.3204  -0.0102
54.43 1. 0.0495  0.0527  0.1672. 0.1792  0.0032
C 2 0.2775  -0.2743  .0.36484  0.3582 _ -0.0032
S4.43 1 0.0408 1 0.0506  0.1403  0.1544  0.0098
2 70.3180  0.3042  0.3963  0.3872  -0.0098
54.43 1 0.0405  0.0487  0.1206  0.13%1  0.0082
2 0.338%  0.3302  0.4177  0.4103  -0.0082
54.43 1 0.0380  0.0341 0.0593  0.03435  0:0001
2 0.4227  0.4226  0.4541  0.4238  -0.0001
68.04 1 0.0919  0.0937  0.481%  0.4768  0.0018
, 2 0.0545  0.0527  0.0722  0.0711 -0.0018
66.04 ' 1 0.087%  0.0937  0.3199  0.3255  "0.0063
2 0.1912  0.1849  0.23%2  0.2303  -0.0063
668.04 1 0.085%  0.0947  0.2465  0.2642  0.0093
2 0.2548  0.2455  0.3007 ' 0.2930 -0.0093
68.04 1 0.0852 0.0949 . 0.2398 0.2569 0.0097
2 0.2628  0.2531  0.3065  0.3004  -0.0097
65.08 10,0906  0.0964%  0.1999  0.221%  0.0060
2 0.2968  0.2908  0.3368 , U.3347  -0.0060
68.04 1 0.0979  0.0990  0.1651 0.1926  -0.0011
2 0.3252  0.3261  0.356%1  0.3622  -0.0011

-0.0063
0.0007
0.0219

-0.0207
0.0097

-0.0083

-0.0025

-0.0063
0.0011

-0.0077 °
0.0088

-0.0116
0.0316

-0.0200
0.0267

-0.0176 ™=
0.0120

-0.0062
0.0141

-0.0091
0.0135

-0.0074

-0.0025

-0.0303

-0.0046 -

-0.0011
0.0056

-0.0039
0.0177

-0.0077
0.0171

-0.0061
0.0215

. -0.0021

0.0275°
0.0061
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L '
Table B-1 (continued)

Pressure X = y : :
atm Comp. Expl Calc Expl - Calc Ax Ay
System Hp(1)-CO(2)-CH4(3) at 163.16 K (E]£§10.22914, C;3=-0.T9027, Cp3=0-03622)
: : Ax|ay = 0.0039 ay|ay = 0.0157 o
68.04 1 0.1072  0.1061  0.1551  0.1941  -0.0011  0.0390
. 2 0.3372  0.3383  0.3571  0.3717  0.0011  0.0146
68.04 1 0.1163  0.1047 ° 0.1821  0.1735 -0.0116  0.0314
© T 2 0.3849  0.3565  0.3564  0.3863  0.0116 - 0.0299
102.06 1 0.1717  0.1703  "0.5009  0.5124  -0.001%  0.0115
oot 2 0.0689  0.0703  0.0768 ‘0.0775  0.0014%  0.0007
102.06 .1 0.1795  0.1789, 0.4402  0.4572 -0.0006  0.0170
2 0.1152  0.1158  0.1217  0.1255  0.0006  0.0038
102.06 1 0.1959  ,0.1867  0.4078  0.4275 -0.0092  0.0197
20,1370 0.1462  0.1443  0.1560  0.0092  0.0117
102.06 1 0.2146 09}990' 0.3485  0.379%%  -0.0157  0.0309
2. 0.1666 ., 041622  0.1731  0.191%  0.0157  0.0183
P102.06 1 0.2760  0.2735  0.2760  0.3926  -0.0025 - 0.1166
2 0.1830 0.1855  0.1830  0.1860  0.0025  0.0030

13=-0.15914 ;. C3=0.0337)

System Hy (TI=CU(2)-CHy (3) at 143.07 K (C,22-0.17793, C

-0.0095

AT 4y} 00039 by|ay = 0.0191
N S 27.22 1 0.0760  0.¢h98  0.3088  0.3351\ 0.0038  0.0263
2 0.1912 0,874, 0.3721  0.3375 \ -0.0038  -0.0346
27.22 1 0.0083  0.0132  0.1609  0.1726 \ 0.0049  0.0117
2 0.3217  0.3166  0.5495  0.5278 Y-0.0049 -0.0217
27.22 10,0078  0.009%  0.71174  0.107%  0.0016 -0.0100
2 0.3803  0.3787 o.sogs 0.6074 -0.0016  0.0005
%0.82 1 0.0373  0.0446  0.6118  0.6143  0.0073  0.0025 .
2 0.0890  0.0817  0.1082  0.1167 -0.0073  0.0085
40.82 1 0.0380  0.0332  0.5293  0.1713  -0.0048  -0.3580
2 0.5293  0.53%1  0.2007  0.6225  0.0048  0.4218
40.82™ 1 0.0380 00410  0.3841  0.3890  0.0030  0.0049
. ) 2 0.2820  0.2790  0.359  0.3644 -0.0030  0.0075
40.82 1 0.0329  0.0405  0.3539  0.3633  0.0076 _ 0.009%
2 0.3125 © 0.3050  0.3916  0.3936 -0.0076  0.0020
40.82 1 .0.0272  0.0331  0.1711 ' 0.1693  0.0059 -0.0018
- 2 0.5426  0.5367  0.6279  0.6249  -0.0059  -0.0030
40.82 10,0196  0.0291  0.1121  0.1181  0.0095  0.0060
2 .0.6224  0.6129  0G.7000  0.6913 -0.0087

C
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Table B-1 (continued)

‘Pressure X .
atm ~ Comp. Expl Calc Expl CLalc Ax by w
System Hy(1)-C0(2)-CHy(3) at 143.07 K (C;2=-0.17793, C;3=-0.15914, C53=0.0337)
Ax|ay = 0.0039 |8y|av = 0.019
"40.82 1 0.0214 0.0276 0.0991 0.1034 0.0062 0.0043
2 0.6426 0.6364 0.7194 0.7109  -0.0062 -0.0085
40.82 1 0.0219 0.0274 0.0959 0.1011 . 0.0055 0.0052
2 0.6456 0.6401 0.7180 0.7140  -0.0055  -0.0040
40.82 1 0.0115> 0.0115 0.0323 0.0115 0.0 -0.0208
2 D.7542 0.7542 (. 8060 0.7545 0.0 -0.0515
40.82 1t 0.039%4 0.0426 0.5091 0.4769 0.0032 -0.0322
2 0.1995 0.1963-  0.2228 0.2662 -0.0032 ~ 0.0434
54.43 1 0.0651 0.0660 0.5712 0.5586 0.0009 -0.0126
2 0.7901 0.1892 0.2083 0.2162  -0.0009 0.0079
54.43 1 0.0692 0.0662 0.5610 0.5434"  -0.0030 -0.0176
2 0.2016 0.2046 . 0.2193 G.2325 0.0030 0.0132
54.43 1 0.0630 0.0664 0.5436 0.5315 0.0034  -0.0121
' 2 0.2201 0.2167 0.23797  0.2453  -0.0034 0.0074
54.43 1 0.070% 0.07031  0.3444 0.3458  -0.0001 0.0014 .
2 0.4262 7 0.4263 0.4545 0.4501 00001  -0.0044
s4.43 1 0.0673 0.0745 0.2405 0.2440 0.0072 0.0035%
T2 0.5624 0.5552-  0.5704 0.5672 -0.0072 -0.0032
S4.43 1 0.0787 U.0842 0.1366 0.1457 0.0055  0.0021
2 0.6792 0.6737 0.6767 0.6762  -0.0055 -0.0005
Sk.43 1 .0.0941 0.0932 0.1161 0.1525 -0.0009 0.0365
2 0.0834 0.6543 0.6838  0.6811 0.0009 - -0.0027
68.04 1 0.0837 0.0854 0.6972 0,6937 ¢.0017  -0.0035
2  0.0924 0.0907 0.0921 0%6  -0.0D17 0.0025
68.06 1 0.085 0.0859 0.6817" 0.6%32 OiOOOB -0.0025
2 0.1059 0.1056 0.1015 0.1097 —=0.0003 0.0082
©%8.04 1 0.0880. 0.0908 0.5863 0.5736 0.0028 -0.0128
: i 2 0.2230- 0.2172 0.2100 0.2191  -0.0028 0.0091
68.04 1. 0.08 0.0926 0.5453 |0.5h3§ 0.0093  -0/0019
2 0.2598 0.2505 0.2499 0.2507 -0.0093 00008
68.04. 1 0.0980 0.0997 0.4495 0.4510 0.0017 0.0015
2 0.3578 0.3561 0.3451 0.3483  -0.0017 0.0032
-68.04*\ 0.1147 H.1212 0.2747 0.2995 0.0065 0.0248
2 0.5355 0.5290 0.5247 0.5093 -0.0065 -0.0154 -
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Table B-1 (continyed)

Pressure

atm

X

Comp. Expl

Calc Expl

{4“§ystem Hy (1)-C0(2)-CH,

(3) at 143.07 Ki(C,p=-0.17793, C;3=-0.1591k, Cy3=0

Calc.

. -
Ax

Ay

.0337)

68.

102.

102.
102.

IV

102.

68 .04

04

06

06

06

06

Oe

1
2
1
2
1
2
1
2
1
2
1
2
1
2

[

L

oo cCc o

0

c o C o

Ax|ay = 0.0039

[8y|av = 0.0191

11251
.5522
. 1561
. 5638
.1393

.0820
. 1564
.1862
. 1628
.258}
.2056
0.
0.
U.

3703
2311
3863

0.1263  0.2646
0.5510  0.5335
0.1371 0.2344 .
0.5828  0.5565 -
0.1359°  0.7364

. 0.085%  0.0677
0.1503  0.639%
0.1923  0.1552
0.1624  0.5701
0.2585  0.2171
0.1986  0.4336

- 0.3773  0.3329
0.2132  0.3991
0.4042  0.3600

0.2780
0.5315
0.2478
0.5643
0.7326
0.0745
0.6367
0.1670
0.5759
0.2250
0.4619
0.3345
0.4253
0.3649

Q.
.0012
-0.
.0190
.0034
.0034
.0061
. 0061
.0004
.0004
.0070
.0070
L0179
0179

-0

0012

0190

ccocococ oo

L0134
.0020
L0134
.0078 -
.0038
.0068
.0027
L0118
.0058
L0079
.0283
L0016
.0262
L0049

System Hp(1)-C0(2)-CHy(3) at 123.10 K (C;2=-0.12702, C,3=-0.12819, C53=0.03119)

27.
27.

27.

27.

27.

' 27.
G
" 40.

40.

22

22

22

22

22

N e N = N = N = N e = N = Ry —*fUI—"

0.
0.
0.
0.
0.
.3672
0244
4636
.0248
5780
.0253
.7357
.0208
.7877
.0397
.0569
.0423
. 1486

cC O Cc OCc CcoCcoCcC o o o

Axfay = 0.0033

IAy[av = 0.0074

0233
0611
0256
2005
0230

0.0270  0:8100
0.0574  0.0890
0.0273  0.6693
0.1988  0.2089
0.0279  0.5458
0.3623  0.3512
0.0282  0.4828
0.4598  0.4267

.0.0286  0.3938
0.5742  0.5295
0.0283  0.2914
0.7327 ___0.6512
0.0278  0.2341
0.7807  0.7070
0.0422  -0.859
0.054%  0.0468
0.0840  0.7925

. 0.1469  70.1180

0.8117
0.0660
0.6720
0.2143
0.5351
0.3634
0.4633

- 0.4437

0.3851
0:5337
0.2822
0.6582
0.2512
0:6976
0.8561
0.0472
0.7838
0.1229

0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
© 0.
Zo0.
0.
-0.
0.
-0.

0037
0037
0017
0017
0049
0043
0038
0038
0038
0038
0030
0030
0070
0070

0025

0025
0017
0017

0

.0017
.0030
.0027
0054,
.0107
.0122
.0195
.0170
.0087
0042
.0092
.0070
0171
L0094
.0035°
L0004
.0087

.0049
}

t

\
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Table B-1 (continued)

#

Pressure X

Calc.

atm Comp. Expl Calc Expl Ax - Ay
System Hp(1)-C0(2)-CHy(3) at 123.10 K (C;5=-0.12702, C,32-0.12819, Cp3=0.03119)
[6x|av = 0.0033 Aylav = 0.0074

40,82 1 JO495  0.0482  0.6840  0.6709 -0.0013  -0.0131
] 2 0.3071 0.3084  0.2334 0.2434  0.0013 0.0100
4082 1 0.0496  0.0494%  0.6621 0.6455  -0.0002 -0.0166
o 2 0.3%77  0.34%79  0.2567 0.2710  0.0002 0.0143
40.82 1 0.0503  0.0524  0.6022  0.5906  0.0027 -0.011¢
2 L.43Y0  0.4369 0.3244  0.3315  -0.0021 0.0071

40.82 1 0.0538 0.0572 0.5321 0.5216  0.003%  -0.0105
2 0.5566 _0.5532 0.3956  0.4094  -0.003%  0.0138

40.82 1 0.0539  0.0572  0.5303  0.5211 0.0033 ~ -0.0092
' 2 0.5575  0.5542  0.4012 0.4100  -0.0033 0.0088
40.82 1 0.0667 0.0708 0.371%  0.3636  0.0041  -0.0078
2 U.8106  0,8065 0.5952 m. 0.6020  -0.0041 0.0068

54.43 1 0.0583  0.0586  (.8509  0.8467 0.0003  -0.0042
2 0.0962 . 0.0959  0.0668 0.0691 -0.0003  0.0023

S4.43 0 -1 0.0686 0.0651 0.7642 - 0.7533  -0.0035, -0.0109
2 0.2386  0.2421 0.1576  0.1669 0.0234/ 0.0093

54.43 . 1 0.0790  0.0769  0.6581 0.6434  -0.0021 -0.0148
. 2 0.4303 0.4328  0.2727 0.2853  0.0021 0.0127
54.43 1~ 0.0889  0.0891 0.5616  _0.5653  0.0002 -0.0163
27 0.5705  0.5703  0.3574  0.3728  -0.0002 0.0154

St.43 1 0.1039 0.1068 0.4922  0.4768 0.0029  -0.0154
2 0.7128  0.7095  0.4634  0.4774 -0.0029 0.0140

54.43 1 0.1064  0.1127 0.4569  0.4509  0.0863  -0.0060
2 0.7498  0.7435 0.5046  0.5094 * -0.0063  0.0048

68.04 1 0.0664  0.0710  0.8917  0.8945 0.0046.  0.0028
2 0.0440 - 0.0394  0.0296  0.0258 -0.0046 -0.0038

68.04 1 0.0681° 0.0732 0.8650  0.8684  0.0051 0.0034
2 0.0861 0.0810  0.0565  0.0525 -0.0051 -0.0040

68.08 1 0.0784  0.0791 0.8290 ™ 0.8283 <0.0013  -0.0007
.2 0.1459  0.1472 0.0947  0.0938  0.0013 -0.0009
68.04 1 0.0771 0.0810  0.7967  Q.7950  0.0039 -0.0017
2 0.2078  0.2039 ° 0.1243  0.1283  -0.0039  “D.0040

66.04 1 0.0873  0.087¢ 0.7593  0.743%  0.0003 -0.0119
2 0.2884  0.2881 0.1678 0.1783  -0.0003  0.0105

-
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Table B-1 {continued)

Pressure X .y
atm Comp. Expl Calc Expl Calc ax Ay
System Hp(1)-C0(2)-CHy(3) at 123.10 K (C;9=-0.12702, C,3=-0.12819, C33=0.03119)
- , . [ax|ay = 0.0033 ay|a, = 0.0074
2 68.06 1 0.0990  0.0965 0.7074  0.6960 -0.0025 -0.011%
T 2 -0.3787  0.3812  0.2226 +0.2328  0.0025  0.0103
'68.04 1 '0.1217 0.1197 0.6095. ~ 0.5988  -0.0020 -0.0107
' " 2 0.5503  0.5523  0.3303  0.3396  0.0020 - 0.0093
68.04 * 1 0.1470  0.14850  0.513%  0.5202 .-0.0020  0.0068
- 2 0.6633  0.6653  0.4327  0.4304  0.0020 -0.0023
68.04 10,1734 0.169%  0.4523  0.4577 -0.0040  0.0054
2 0.7240  0.7280  0.5079  0.5064  0.0040  -0.0015
66.04 1 0.1708  0.1738  0.4390  0.4451 , 0.0030  0.0061
2 0.7386  0.735%6  0.5244  0.5212  -0.0030 -0.0032
68,04 10,1879 0.1898  0.3946  0.4104  0.0019  0.0158
2 0.7568  0.7549  0.5788  0.5650 -0.0019  -0.0138
68.04 1  0.TB40  0.1883 p 0-3985 0.4122  0.0043  0.0138
© 2 0.7578  0.7535 7 0.5719° 0.3622  -0.0043  -0.0097
102.06 1 0.1137 _ 0.1121 - 0.8686  0.8682 -0.0016  -0.0004
2 0.0987  0.1003  0.0548  0.0561  0.0016  0.0013
102.06 1 0.1167  0.1185  0.8350  0.8382 . 0.0018  0.0032
. 2 0.1565  0.1547  0.085%  0.0862 -0.0018  -0.0008
102.06 1 0.1403  0.139%  0.7674  0.7609° -0.0009 -0.0065
) 2 0.2939  0.2948  0.1521  O0.1644%  0.0009  0.0123
102.06 1 0.185%  0.1767  0.6729  0.6663 -0.0087 -0.0066
2 - 0.4476 - 0.4503  0.2497  0.2618  0.0087  0.0121
102.06 1 .@P.218%  0.2132  0.5947  0.5988 -0.0052  0.0041
' 2 0.5288  0.53%0  0.3215  0.3333  0.0052  0.0118
102.06 1 0.2412  0.2303  '0.5530  0.5718 -0.0109 - .0.0188
2 0.5473  0.5582  0.3670  0.3625  0.0109  -0.0045 .
102.06 1 0.2918  0.2704  0.4637  0.5170 -0.021% ‘ 0.0533
2 0.5657  0.5871  0.4516  0.4220  0.0214 ' -0.0296

r

System Hp(1)-C0(2)-CHy(3) at 17%.13 K (C,5=-0.10160, C,3=-0.11274, Cp3=0.02993)
3 |8x[av = 0.0060 |ay|av = 0.0098
:

27.22 1 0.0277 0.0263 0.8800 0.8689  -0.0014  -0.0111

. 2 0.Q§78 0.0892 0.0574 0.0696 0.0014 0.0123

27,22t 0.0309 0.0277 0.8111 0.7978 -0.0032 -0.0133
2

0.1921  0.1953  0.1347  0.144%  0.0032  0.0097

/\J
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Table B-1 (continued) ,

Pressure X y . i
atm Comp. Expl . CLalc Expl Calc Ax - @' Ay
System _Hp(1)-C0(2)-0Hy (3) at 113.13°K (C,5=-0.10160, C;3=-0.1127%, C23=0.02993)
_ Ax| 4y = 0.0060 Ay|av = 0.0098 e
e7.22. 1 0.0341  0.0376  0.5784  0.5566  0.0035 -0.0218
2 0.6601  0.6566  0.3870  0.4084 -0.0035  0.0214 <E\\
27.22 1 0.0395 -0.0392  0.5425  0.5295 -0.0003 -0.0130
2 0.7122  0.7125  0.4238  0.4398 0.0003  0.0160
40.82 1 -0.0404  0.0419  0.8725  0.8668  0.0015 -0.0057
2 0.7463 021448 0.079%  0.0846 -0.0015  0.0052
40.82 1 0.0440  0.0459  0.8225' 0.8095  0.0019  -0.0130
2 0.2628  0.2609  0.1325  0.1450 -0.0019  0.0125
40.82 1 0.0424 - 0.0459  0.8221  0.8100  0.0035 -0.0121
2 0.2633  0.2598  0.1327  O.144%4  -0.0035 °  0.0117
40.82 1. 0.0698  0.0662  0.6696  0.6470 -0.0036 -0.0226
2 0.6406  0.6442  0.294%6  0.3232  0.0036  0.028¢
40.62 1 0.0729  0.0708  0.6264  0.6207 -0.0021 -0.0057
K 2 0.7024  0.7045  0.3397  0.3537  0.0021° - 0.0140
54.43 1 0.0485  0.0559  0.8615  0%8883  0.007%  .0.0088
2 ,0.1408  0.133  0.0752  0.0673 -0.0074  -0.0079
54.43 1 0.0953  0.0916  0.7080  0.6993 -0.0037 -0.0087
2 0.5967  0.6004  0.2615  0.2707  0.0037  0.0092
5.43 1 0.1074  0.1033  0.0712  0.6607 +-0.0041-  -0.0105
2 0.6857  0.6898  0.3031  0.3151  0.0041  0.0120
68.04 1 0.0666  0.0657 - 0.9268  0.9266 -0.0009 -0.0002
A 0.0628° ' 0.0637  0.0288 0.0300  0.0009  0.0012
68.04 1 0.0819  0.0756  0.8723  0.8639  -0.0063 -0.0084
2 0.2048  0.2111 . 0.0870  0.0947  0.0063  0.0077
68.04 1 0.1259  0.1166  0.7289  0.7246 * -0.0093 -0.0043
2 0.5618  0.5711  0.2391°  0.2644  0.0093  0.0053
58.04 1 0.1467  0.1364  0.6903  0.6791 -0.0103  -0.0112
A 2 0.6602  0.6705  0.2842°  0.2964  0.0103  0.0122
*102.06 1 0.0989  0.0999  0.9093 0.9176  0.0010  0.0083
2 0.0952  0.09%2  0.0460  0.0392 -0.00T0  -0.0068
102.06 1 0.1113  0.1125  0.8588  0.8747 0.0012  0.0159 "
. e 2 0.2031  0.2019  0.0960  0.0826 -0.0012  -0.0134
102.06 1 0.1651  0.1573  0.7467  0.7766 -0.0078  0.0299
2 0.4396  0.4474  0.2143  0.1845  0.0078  -0.0298
102.06 1 0.1958  0.1838  0.7211  0.7352  -0.0120  0.0741
2 0.5212  0.5332  0.2410  0.2291  0.0120 - -0.0119

_J'
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Table B-1 {continued)

‘Pressure X y . :
atm Comp. Expl Cale Expl Cale Ax By
System Hp(1)-C0(2)-CHy(3) at 113.13 K (C;=-0.10160, €,3=-0.11274, C23=0.02993)
- |ax|ay = 0.0060 [8y|av = 0.0098

102.06 1 0.3075 0.2775 0.5663 0.6129  -0.0300 0.0467
2 0.6285 0.6585 C.4048 0.3686 0.0300 © -0.0362

System Hp(1)-€0(2)-CHy(3) at 108.12 K (C;2=-0.08883, C,3=-0.10498, C23=0.02930)
|8x] 4y .= 0.0060 |ay[av = 0.0148

27.22 1 0.0366 . 0.0355 0.7457 0.7062 -0.0011  -0.0395

2 . 0.5197 0.5208 0.2242 0.2646 0.0011 0.0404

27.22 1 0.0492 G.0477 0.6444 0.5713  -0.0015 -0.0731

2 0.85% 0.8605 0.3372 G.4190 0.0015 0.0818

40,82 1 0.0474 0.0559 0.7836"  0.7763 0.0085 -0.0073

: 2 0.4910 0.4825 0.1902 0.1978  -0.0085 0.0076

40,82 1 0.0757 0.0826 0.6873 0.6560 0.0069 -0.0313

2 0.8336 0.8267 0.2997 0.3351  -0.0069 0.0354

54.43 1 0.0707 0.07e4 0.8129 (.8036 0.0057 -0.0093

2 0.4750 G.4693 0.1633 0.1717  -0.0057 0.0084

54.43 1 0.0864 0.0%940 0.7520 G.7521 0.0076 0.0001

2 0.6830.  0.6354 0.2245 G.2288 -0.0076 0.0043

54.43 1 0.1147 0.1170 0.7161 0.6398 0.0023 -0.0223

2 0.7915 0.7892 0.2730 0.2968 -0.0023 0.0238

68.04 1 0.0804 0.0939 0.8181 0.8235 0.0135°  0.0054

2 0.4498 0.4363 0.1543 0.1511  -0.0135 -0.0032

65.04 1 0.1067 0.1143 0.7e44 G.7707 0.0116 0.0063

2 0.6e175 0.6059 0.2121 0.2092 -0.0116 -0.0029

68.04 1 0.1403 0.1520 0.7160 0.7091 0.0117 . -0.0069
2 0 0

.7676 0.7559° .2730 0.2807 -0.01%7 0.0077
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Table B-2

" Comparison of Experimental and Calculated:VLE Compositions for Three

Hydrogen Containing Ternary Systems (100), (Correlated Cjj

Obtained from Equatiop (III-1), 1CL Equation)

Pressure
atm

X

Comp. Expl

Calc

Expl

Calc

Ax

Ly

System Hp(1)-Na(2)-CO(3) at 103.15 K (C,5=-0.06768, C,3=-0.07616, Cp3=-0.00878)

75.

75.

75.

0o
00

00

PN e N o= N

[8x[ay = 0.0187

|ay|av = 0.0129

0.2210
0.6000
0.2280
0.4360
0.2500
0.3170

0.2165
0.6045
0.2096

0.4544
. 0.2050

0.35620

o C C o QOO

System Hy(1)-Np(2)-Cu(3) at 77.35 K

.6350
.2910
6730
.2000
.6810
~1550

(C,2=-0.03071, €,3=-0.01038, C,3=0.00631)

o

.684%
.1927
.6960
. 1506

c O O O

L6667
.2642

-0.0045
0.0045
-0.0184

- 0.0184

0.,0045
0.0045

0.0317
-0.0027
0.0112
-0.0073
0.0150
-0.0084

75.
75.
7.
100,
100.
100.
125.
125.
125.
150.

150.

00

G0

GO

00

00

00

co

00

00

00

00

F S N N T N O R T O R S

|ax[av = 0.0076

Ay|lay = 0.0115

0.1380-
0.3790
0.1500
0.6350
0.1476
0.7580
0.1930
0.3470
0.2130
0.5940
0.2126
0.6930
0.2190
0.3430
0.2530
0.5560
0.2654
0.6480
0.2550
0.3240
0.3250
0.5040

<

- 1488
-3682
.1633
6217
. 1697
-7359
1924
3476
2131

.2207
6849
.2338
.3282
.2597
.5493
L2709
.6625
.2732
.3058
.3073
0.5217

O o 0O Cc o CcC o C O OoOC oo OO0

o c <

.5939

OOCOCOCKCO‘OOOOOOOOOOOOC

.9380
.0323
.9283
.0581
.9224
.0687
.9227
.0403
L9007
.0768°
.9024
;0873
.9052
L0461
.8811
.0928
.8820
. 1060
.8799
.0584
.8639
.1070

0.9432

0.03000

0.9353
0.0518
0.9319
0.0622
0.9334
0.0345
0.9232
0.0618
0.919%4

- 0.0729

0.9211

0.0402

0.9086
0.0722

©0.9032

0.0876
0.9073
0.0459
0.8905
0.0871

0.0108
-0.0108
0.0133
-0.0133
0.0221
-0.0221
-0.0006
0.0006
0.0001
-0.0001
0.0081
-0.0081
0.0148
-0.0148
0.0067
-0.0067
0.0055
-0.0055
0.0182
-0.0182
-0.0177
0.0177

0.0052
-0.0023
0.0070
-0.0063
0.0095
-0.0065
0.0107
-0.0058
0.0225
-0.0150
0.0171
-0.0184
0.0159
-0.0059
0.0275
-0.0206
0.0212
-0.0184
0.0274
-0.0125
0.0266
-0.0199
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Table B-2 (continued)

Pressure X .
atm Comp, Expl Calc Expl Calc
- System Hp(1)-Na(2)-CHy(3) at 103.15 K (C,=-0.06768, C,3=-0. 09723 cza_ 5féd110)
: \Ax|av = 0.0130 [Ay[av = 0.0054
75.00 1 0.1430 0.1156  0.8030  0.7970  =0.0274 -0.0060
2 0.4670  0.4944  (.1820° - 0.1832' 0.0274  0.0012
75.00 1 0.0830 0.0730  0.9130  0.9046 -0.0100 -0.008%
2 0.1590  0.1650  0.0670.  0.0733 0.0900  0.0063
75.00 1 0.0970  0.0788  0.8970 0.8817 -0.0182  0.0153
‘ 2 0.2120  0.2302 0.0850  0.0963 0.0182 0.0114
75.00 1 0.1360  0.1035  0.8220  0.8181 -0.0325  -0.0039
: 2 0.3930  0.4255 0.1520  0.1613 0.0325  0.0093
100.00 1 0.1820  0.1530  0.8070  0.8016 -0.0290 =0.0054
2 04390 U.4680°  0.1710  0.1753 0.0290  0.0043
100.00 1  0.1080 0.1004  0.8950  0.8937. -0.0076 -0.0013
2 0.1950  0.2026  0.0810  0.082%  0.0076  0.0014
100.00 1 0.1620  0.1370  0.8360  0.8227 -0.0250 -0.0133
2 0.3820  0.4070  0.1420  0,1537 0.0250  0.0117
125.00 1 0.1530 . 0.1232 0.8900 0.8929  -0.0299  0.0029
2 0.1680  0.1978 0.0780  0.0804  0.0299  0.0024~
125.00° 1 0.1350  0.1236  0.8910  0.8919 -0.0104  0.0009
2 0.1900  0.2004  0.0800  0.0813  0.0104 - 0.0013
125.00 1 0.2460 0.1965  0.8020  0.7873  -0.0475 -0.0147
© 2 0.4190  0.4665  0.1730  0.1852 0.0475 ° 0.0122
150.00 1, 0.1350  0.1366 0.8990  0.9066 0.0016  0.0076
o2 0.1550 u.1534 ©0.0670 0.0639 .-0.0016 -0.0031
oL
System Hp(1)-Na(2)-CHy(3) at 93.15-K (C,=-0.05335, C,3=-0.08178, €53=0 0358?4\_
' Ax{ay = 0.0108 |ay|ay = 0.0743
100,00 1 0.1107 0.1042  0.8965 0.9096  -0.0065 0.0131
2 (.2993 0.3058 0.0870  0.0792  0.0065 ° -0.0078
100.00 1  0.22% 0.1880  0.8350  0.8416 -0.0416  0.0066
2 0.5737 0.6153 0.1628 0.1499 .. 0.0416 -0.0129
125,00 1 0.2598 0.2298 0.8120  0.8301 -0.0300  0.0181 °
N 2 0.5468 0.5768 0.1761 - 0.1586 0.0300  -0.0175
150.00 1 0.069%  0.1134  0.9470  0.9458 0.0440  -0.0012
2 0,171 0.1271 0.0326  0.0389 -0.0440  0.0063
150,00 1 0.1295 0.1471 0.8668 0.9002 0.0176  0.0334
' 2 0.3081 0.2885-  0.1066  0.0837 -0.0176  -0.0231

&
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Table B-2 (continued)

>

. Pressure

atm”

X

Comp., Expl

System Ha(1)-Np(2)~CH,

Calc

Expl

Calc Ax - Ay

(3) at 93.15'K (C;2=-0.05335, C,3=-8%08178, Cp3=0.03587)

- 150.00
on,

1

0.

Ax| s = 0.0108

[8y|ay = 0.0143 -

1836

2 0.3792

0.1771
0.3857

0.8286
0.1359

0.68737  -0.0065 0.0451
0.1100 0.0065 -0.0259

(3) at 77.35 K (C,2=-0.03071, C,3=-0.05730, C23=0.02761)

System Hp(1)-Np(2)-CH,

75.00

75.00

$ 75.00
100.00
125.00
125.00

125.00
125.00
150.00

e

150.00

150.00

[ A B At T o e R N e o e S I T S SR S o YN Ny N R Ny 5 R

C oo o0O0OCcCOoOCcCoCOoOoOOoOCCOCCcCOO0OCOCC

4

Axfyy = 0.0115

[ay]av = 0.0047

.0610
L5010
.1020
.6390
.0950
4010
.0780
4870
. 1340
L4470
.2010
.5690
1190
.3880
21020
.3150
.23%0
5450
-1160
.3840
.0750
.3090

System @Q(1)-C0(2)—CHM

0.0863
0.4757
" 0.1148
0.6262
0.0775
0.4175
0.1080

0.4570 °

0.1303
0.4508
0.179%
©0.5%901
0.1152
0.3948
"0.0993
0.3177
0.2107
0.5733
0.1287

0.3713
0.1063 .

0.2777

0.9505

. TU.0495

0.9430
0.0570
.0.9620
0.03807
0.9450
0.0550
.9380¢
.0620
.9260
L0780
L9460
.0500
L9490
L0470
.9030
.0910
.9305
.0630
. 9400
.0540

o

C OO0 CC OO CCoocT

0.9557  0.0253_  0.0052
0.0425 -0.0253  -0.0070
09473  0.0128  0:0043,
0.0512  -0.0128  -0.0058
.9589  -0.0165 -0.0031
(0392 0.0165 - 0.0012
L9498  0.0301 0.0048
L0477 -0.0301 -0.0073

0.9418  -0.0038 0.0038

0
0
0
0

0.0547 070038 -0.0073

0.9283  -0.0211 . 0.0023
0.0687 '0.0211  -0.0053

10,9469 -0.0038 0.000%2

0.0495 0.0038  -0.000%5
0.9537 = -0.0027 0.0047
0.0426 0.0027  -0.0044
0.9165 -0.0283 0.0135
0.0795 0.0283 -0.0115
0.9411 0.0127 0.0106
0.0541  -0.0127  -0.0089
9.9517 0.0313 ° 0.0117
0.043% -0.0313  -0.0106

(3) at 103.15 K (C;=-0.07616, C,3=-0.09728, -C,3=0.02778)

75.00
75.00

100.00

% B AV R S

cCcCoCc o oC

Ax|ay = 0.0145

[4y{av = 0.0086

L0810
L3070
.1390
.5220.
. 1100
L2940

0.0843
0.3037
00,1158
0.5452
0.1105
0.2935

.9030
-0800
.8490
1360
.9070

C O C o oo

L0730

0.8953 0.0033 -0.0077
0.0651 -U.0033 0.0051
0.8384" -0.0232 -0.0106

L 0.1%61 0.0232 0.0101

0.8977 0.0005  -0.0093
0.0809 -0.0005 ~ 0.0079
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. Table H-2 (continued)

Pressure X

atm Comp. Expl Cale Expl ! Calc Ax Ay
System Hp(1)-C0(2)-CHy(3) at 103.15 K (C,=-0.07616, C,3=-0.09728, Cp3=0%.02778)
bx|ay-= 0.0145 . |Ay|ay = 0.0066

100.00 1 0.1450  0.1482  0.8410  0.8458  0.0032  0.0048
2 0.5010  0.4978  0.1400  0.1359 -0.0032  -0.0041

100,00 1 0.1080  0,0957  0.9300  0.9274 -0.0123  -0.0026
2 0.1650  0.1773  0.0480  0.0503  0.0123-  0.0023

125.00 1 0.1080  0.1351  0.8790  0.8962  0.0271  0.0172
; 2 0.3100  0.2829 . 0.0880  0.0798 -0.0271 -0.0082
125.00 1 0.1910  0.1850  0.8340 3}9390 -0.0060 ~ 0.0050
2 0.4750  0.4810  0.1410 L1396 0.0060 -0.001%4

125.00  1.. 0.1350  0.1582  0.8610  0.8930  0.0232  0.0320
© 2 0.29%0  0.2718  0.0950  0.0798  -0.0232  -0.0152
150.00 1 0.2830  0.2290  0.8210  0.8216 - -0.0540  0.0006
2 0.4250  0.4790  0.1490  0.1533 0,850  0.0043

150,00 t  0.1220  0.13%6  0.9230  0.9276  0.0126  0.0046
2 0.1660  0.153%  0.0470  0.0450 -0.0126  -0.0020

System Hy(1)-C0(2)-CHy (3) at 93.15 K (C,2=-0.05066, C,3=-0.08178, C;3=0.02624)
& |ax|ay = 0.0339 [8y|av = 0.0084

125.00 1 0.0620  0.0857 -0.9862 0.9790 - 0.0238 -0.0072
2 T0.0644 0.0406 0.0 0.0083 -0.0238 0.0083
©125.00 1 0.0569 0.0917 0.9595 0.9685 0.0348 0.00%0
2 0.1295 ¢.0947  0.0262 0.0189  -0.0348  -0.0073
125.00 1 0.13% 0.1816 0.8703 (.8893 0.0420 0.0190 .
2 0.5978  0.5558 0.1170 0.1016 -0.0420 -0.0154
150.00 1 0.0952 0.1215 0.9283 0.9471 " 0.0263 0.0188
20,2175 0.1912 0.0512 0.0387 -0.0263 -0.0125
Hou.cu 1 0.2424 0.1545 0.9207 0.9170 -0.0879  -0.0037
T2 0.2663 U.3542 0 0.0694 0.0879 0.0080

L0614

System Hp(1)-C0(2)-CHy(3) at 77.35 K (C;2=-0.01038, C,3=-805730, C33=0.02383)
Ax|ay-= 0.0708 fAy|av = 0.0047

75.00 1 0.1082 0.0944 0.9700 0.9664 -0.0132 -0.0036
2  0.6270 0.6408 0.0300 0.0323 0.0139 ‘0.0023
75.00 1 0.71120 0.0898 0.9710 0.9677 -0.0222 -0.0033
2 0.5830 0.6052 0.0290  0.0309 0.0222 0.0019
100.00 1. 0.1450 0.1198 0.9610 0.9614  -0.0252 0'8804
2 0.5%960 0 0.0369 0.025z2  -0.0021

L6212 0.0330
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Table B-2 {(continued)

Pressure X y-
atm Comp. Expl Calc Expl Calc = &x_ Ay

System Hp{(1)-C0(2)-CHy(3) at 77.35 K (C;»=-0.01038, C;3=-0.05730, Cp3=0.02383)

R Bx|ay = 0.0108 [ay|av = 0.0047
100.00 1 0.1190  0.1123  0.9690  0.963% -0.0067 -0.0056
2 0.5710  0.5777  0.0310  0.0347  §.0067  0.0037
125.00. 1 0.1560  0.1365  0.9590°  0.9572  -0.0195 % -0.0018
2 0.5540  0.5735  0.0410  0.0%03  0.0195  -0.0007
125.00 1 0.1110  0.139  0.9530  0.956%  0.0286  0.003%
2 0.6160  0.5874%  0.0470.  0.0412 -0.0286 -0.0058
125.00 1 0.1310  0.0786  0.9500  0.9765 -0.0524  0.0265
2 0.1730  0.225%  0.0500  0.0200  0.0524  -0.0300
150.00 1 0.1790  0.1843  (0.9390 . 0.9440 - 0.0053  0.0050
2 0.6540  0.6487 _0.0610  0.0535 -0.0053  -0.0075
150:00 1 0.1770  0.1644  0.9450  0.9493 --0.0126  0.0043
o 2 0.5720  0.5846 < 0.0550  0.0476  0.0126  -0.0074
150.00 1  0.1440  .0.1542  0.9520  0.9519  0.0102  -0.0001
2 0.5580  0.5478  0.0480  0.0448 .-0,0102  -0.0032

W

Gar-
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Table B-3

Comparison of Experimental and Caiéulated VLE Compositions for Three

Hydrogen Containing Ternary Systems {100), (Modified SRK Equation)

Pressure , X -
__atm Comp. Expl Lalc Expl Calc ax Ay,
System Ho(1)-Nz(2)-C0(3) at 103.15 K (C,;2 = 0.0, C;3 = 0.0, Cp3 = 0.046)
[Ax|av = 0.0115 |8y{av = 0.0139
75.00 1 0.2280  0.2598  0.6730 ~ 0.6893  0:0318  0.0163
2 0.4360  0.4042  0.2000  0.1803 -0.0318  -0.0197
75.00 1 0.2500  0.2528  0.6810  0.7030 - 0.0028  0.0220
' 2 0.3170  0.3142  0.1550  0.1390 -0.0028 -0.0160
° i
SystemHz{1)-Np(2)-C0{3) at 77.35 K (C,2 = 0.0, C;3 = 0.0, Cp3 = 0.046)
i 48x[av = 0.0642 |sy|av = 0.0056 .
75.00 1 0.1350  0.2329  0.9380  0.9412° 0.0949,  0.0032
© 2, 0.3790 0.2841  0.0323  0,0283  -0.0949  -0.0040
75.00 1 0.1500  0.2471  0.9283  0.93t8 °  0.0971  0.0065
-~ 2 0.63%0  0.5379  0.0581  0.0484  -0.0971  -0.0097
75.00 1 0.1476  0.2846  0.9224  0.9341  0:0970  0.0117
) 2 0.7580  0.6610  0.0687  0.0577  0.0970 -0.0110

103.15 K (C;p = 0.0, C

System H2(1)—N£(2)-CHH(3) at

75.00
75.00
75.00
75.00 -
100.00
100.00

" 100.00

125.00

- 125.00

M = N e N 2Rl = N == ===

.

CcCccocCcoCcocOoCcCOoOOCocCcCc oo

|ax]av = 0.0070  |Ay|ay = 0.0066
L1430 0.1318  0.8030  0.8153 -0
4670 0.4782  0.1820  0.1685 0
L0830  0.08062  0.9130 . 0.9138 -0
L1590 0.1618  0.0670  0.0679 . 0
L0970  0.0873  0.8970  0.8925 -0
.2120  0.2217  0.0850  0.0894 O
1360 0.1173  0.8220  0.8343 -0
3930 0.4117  0.1520 0.1487 0
.1820  0.1733  0.8070  0.8210 -0
4390 0.4477  0,1710  0.1600 0
.1080  0.1103  0.8950  0.9043 0
L1950 0.1927  0.0810  0.0760 -0
1620 0.1542  0.836Q  0.8398 -0
L3820 0.3898  0.1420 0.1408 O
L1530 0.1344  0.8900  0.903%_ -0
L1680 0.1866  0.0780 . 0.0740 0
L1380 0.13%9  0.8910  0.9030 0
L1900 0.1891  0.0800-  0.0749 -0

0112
0112
.0028
.0028
.0097
.0097

L0187

.0187
.0087
.0087
.0023
.0023
.0078
.0078
.0186
.0186
.0009
.0009

;3 = 0.0, Cog = 0.0319)

0.0123
-0.0135
0.0008
0.0009
-0.0045
0:0044
0.0123
-0.0033
0.0140
-0.0110
0.0093
-0.0050
0.0038
-0.0012
0.0139
-0.0040
0.0120
-0.0051
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Table B-3 {continued)

Pressure X
o atm Comp. Expl Cale Expl Calc CAx ay
System Hp(1)-Na(2)-CHy(3) at 103.15 K (Cj2 = 0.0, C13 = 0.0, C23 = 0.0319)
: [8x|ay = 0.0070 [8y|ay = 0.0066
150.00 1 0.1836 0.2046 0.8286 ~ 0.8798 0.0210 0.0512
2 0.3792 0.3582 0.1359 0.1056 -0.0210 -0.0303
150.00 1 0.4226 0.3985 0.7164 0.7907  -0.0241 0.0743
2 0.4823 0.5064 - 0.2562 -  0.1965 0.0241 -0.0597
System Hp(1)-Na(2)-CHy (3} at 77.35 K (Cy5 = 0.0, €3 = 0.0, Cp3 = 0 0319)

Axlav = 0.0240 IAylav = 0.0038
70001 0.0610  0.1154  0.9505 © 0.9591  0.0544 0.0086
2 0.5010  0.5466  0.0495  0.0396 - -0.0544  -0.0099
75.00 1 0.1020 0.1545  0.9430  0.9517  0.0525  0.0087
2 0.6390  0.5865  0.0570  0.0871 -0.0525 -0.0099
75.00 1 0.090  0.1035  0.9620 " 0.961%  0.0095 -0.0001
2 0.5010 0.3915  "0.0380  0.0366 -0.0095 -0.0014
125.00 1 0.1360  0.1669 < 0.9380 , 0.9409  0.0349  0.0029
2 04470 0.4121  0.0620  0.0559 - -0.0349  -0.0061
125.00  1° 0.2010  0.2365  0.9260 ' 0.927% °© 0.0355  0.001% -
¢ 0.5690  0.5335  0.0740  0.0697 -0.0355  -(0.0043
125.00 1 0.1190  0.1489  0.9460 - 0.9462  0.0299  0.0002
2 0.3880  0.3581  0.0500  0.0506 -0.0299  0.0006
125.00 1 0.1020  0.1280  0.9490  0.9533  0.0260  0.0043
2 0.3150  0.2890  0.0470  0.0434  -0.0260 -0.0036
150.00 1. 0.23%0  0.2734  0.9030  0.9108  0.034  0.0078
27 0.5450  0.5106  0.0910  0.0848 -0.0344  -0.0062
150.00 1 0.1160  0.1636  0.9305  0.9377  0.0476  0.0072
2 0.3840  0.3384  0.0630  0.0577 -0.0476 =-0.0053
System Hp(1)-C0(2)-CHy(3) at 103.15 K (Cy3 = 0.0, C,3 = 0.0, Cz3 = 0.0300)
x| ay = 0.0140 [8y|av = 0.0095 _
75.00 1 0.0810  0.0950  0.9030  0.902¢  0.0140  -0.0006
2 0.3070  0.2930  0.0800  0.0812  -0.0140 0.0012
©75.00 1T 0.1390  0.1343°  0.8490  0.8522  -0.0047  0.0032
2 0.5220  0.5267  0.1360  0.1346  0.0047 -0.0014
-100.00 1 0.1100  0.1237  0.9070  ©0.9055. 10.0137  -0.0015
2 0.2940  0.2803  0.0730 -0.0137

0.0766

0.0036
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Table B-3 (continued)

Pressure X

atm _ Comp. Expl Calc Expl ! Calc Ax by
System Hp(1)-C0(2)-CHy(3) at 103.15 K (Cip = 0.0, Ci3 = 0.0, Cpg = 0.0300)
, |ax|ay = 0.0140 'Aylav ="0.0095 ‘
100.00 1 0.1450  0.1706  0.8410  0.8596  0.0256  0.0186
2 0.5010  0.475¢  0.1400  0.1247° -0.0256  -0.0153
100.00 1 0.1080 . . 0.1051  ©0.9300  0.9333 -0.0029  0.0033
2 0.1650.  0.1679  0.0480  0.0482  0.0029. 0.0002
125.00 1 0.1080  0,1504  0.8790  0.9042  0.042&  0.0252
2 0.3100  0.2676  0.0880 0.0755 -0.0424 -0.0125
125.00 1 0.1990  0.2118  0.8340  0.8532  0.0208  0.0192
2 04750  0.4542  0.1810  0.1281  -0.0208 -0.0129
150.00 1 0.1350  0.1749  0.8610  0.9009  0.0399  0.0399
2 0.2950  0.2551  0,0950  0.0758 -0.0399 -0.0192
150.00 1 0.2830  0.2611  0.8210  0.8381 -0.0219  0.0171
: 2 "0.4250  0.4469  0.1490  0.1398  0.0219  -0.0092
150.00 1 0.1220  0.1857  0.9230  0.9340  0.0237  0.0010
2 0.1660 - 0.1423 0

L0470 0.0831  -0.,0237  -0.0039

System Hy(1)-C0(2)-CHy(3) at 93.15 K (Cj3 = 0.0, C,3 = 0.0, Cp3 = 0.03)

| |ax|ay = 0.0306 |ay|ay = 0.0078

135.00 1 0.0619 0.U951  0.9862  0.9828 ' 0.0332  -0.0034

‘ 2 0.0684  0.0312 0.0 0.0068 -0.0332  0.0068

125.00 1 0.0569  0.1028  0.9595  0.9719  0.0459  0.0124

2 0.1295  0.0836  0.0262  0.0178 -0.0459  -0.0084

150.00 1 - 0.0952  0.1377  0.9283  0.9499  0.0425  0.0216

: 2 0.2175  0.1750. 0.0512  0.0379  -0.0425 -0.0133

150.00  1° 0.2424  0.1806  0.9207  0.9205 -0.0618 -0.0002
2 0.2663 0

.3281  0.0614 0.0675 0.0618 0.0061

- .
System Hp(1)-C0(2)-CHy(3) at 77.35 K (C;2 = 0.0, Cy3 = 0.0, €23 = 0.03)
[x[ay = 0.0244 Byfav = 0.0045 ‘

75.00

1 0.1082. 0.1359  (0.9700  0.9683  0.0277 -0.0017

.2 0.6270  0.5993 - 0.0300  0.0367 -0.0277  0.0007

75.00 1 0.1120  0.1285  0.9710  0.9695  0.0165 -0.0015

2 0.5830 - 0.5665  0.0290  0.0294  -0.0165  0.0004

100.00 1 0.1850  0.1709  0.9610  0.9615  0.0259  0.0005
: 2 0.590 0

.5701 0.0390 0.0371 -0.0259  -0.0019
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’

Pressure
atm

X

Comp. Expl

System Hs(1)€0(2)-CHy {3) at 77.35 K (C

Calc

Expl

Cale  ax by

2 = 0.0, C;,3 = 0.0, ‘C23 = 0.03)

100.00

125.00

125.00

.
;

150.00

150.00

cC o000 CcCoOoCcCocCco

|ax|ay = 0.0244

Ay|ay = 0.0045

L1130
.5710
. 1560
L5540
.1310
.1730
770
.5720
<480
L5580

0.1585
0.5315
0.1909

0.5191

0.1032
0.2008

.0.2289

0.5201

0.2122

0.4898

C OC O Oo0O00 0 C o

.9690
.0310
.9590
0410
.9500
.0500
L9450
.0550
.9520
L0480

0.9635  0.0395 -0.0055
0.0349  -0.0395  0.0039
0.9546  0.0349  -0.0044
0.0430  -0.0349  0.0020
0.9765 -0.0278  0.0265
0.0205  0.0278  -0.0295.
0.9430  0.0519 -0.0020
0.0537  -0.0519  x0.0013
0.9462  0.0682 -0.0058
0.0504 -0.0682  0.0024
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APPENDIX C .

EXPERIMENTAL AND CALCULATED VLE VALUES - -

FOR_THE QUATERNARY SYSTEM Ho-No-CO-CHy

-

The ICL equation, the modified SRK equation and the modified BWR
equation had been used to calculate the vabor and liquid compositions by
fixed system temperatufe, pressure and liquid compositions of two

least-volatile compenents.
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* APPENDIX C

Comparison of Ekxperimental and Calculated VAE Composi-
tions tor The Quaternary System Hp(1)-Nz(2)-COC33-CH,(4)
ﬂ1UU);' (Correlated Cij Obtained “from Equation (III%1),
ICL EQUAtion) ..ouuvesverinsunaerotoestnracacnioatonannnas
Comparison of Experimental and Calculated VLE Compo%i-
tions for The Quaternary System Hp(1}-Np(2)-CO(3)-CH,(4)
(100), (Modified SRK EQUALION) <eveeevnevnnnneunnnennns L.
Comparison of Experimental and Calculated VLE Composi-
tions for The Quaternary System Ha(1)-Np{2)-CO{3)-CH,(4)
(Moditied BWR EQUAtION) ..veveiiiiniienrioninnnonennnones
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Table C-1

Comparison of Experimental and Calculated VLE Compositions for the

Quaternary System Hz(1)-N2(2)-C0(3)-CHy(4) (100), {(Correlated Cjj

Obtained from Equation (III-1), ICL Equation)

Pressure X .
atm Comp. Expl ‘Calc Expl Calc Ax
‘ 103.15 K (-170°C) |
[8x|ay = 0.0165  [ay[ay =70.0308
75,00 1 0.1380 0.1048 = 0.8510 0.8407 -0.0332
2 0.71150 0.1482 0.0440 0.0557 0.0332
3 0.3110 ¢.3110 0.0860 0.0855 0.0
75.00 1 0.1300.° 0.1219 0.8230 0.8063  -0.0081
2 0.2600 0.2681 0.0890 0.0981 0.0081:"
3 0.2820 0.2820 0.0730 0.0787 0.0
75.00 1 0.3050 0:1962 0.7530 ' 0.7051 - -0.1088
2 0.2970 0.4058 0.1190 0.1645 0.1088
_ 3 0.3700 0.3700 0.1280 0.1271 . 0.0
#75.00° 1. 0.1520 0.1605 0.8040 0.7732 0.0085
2 0.0730 0.0645 . 0.0260 0.0240 -0.0085
3 0.6710 0.6710 0.1640 0.1949 0.0
75.00 1 - 0.1540 0.13%6  0.7930 0.7746  -0.0144
N 2 0.3890 0.4034 0.1320 0.1475 0.0144
. ) ,;5 3 0.2150 0.2150 0.0610 0.0624 0.0
’ ' 100.00 1 0.3800 0.3819 0.6630 0.7160 0.00%9
2 0.3980 0.3961 0.2280 0.1992  -0.0019
3 0.2110 0.2110  ~0.1090 0.0968 0.0
100.00 1 0.1260, 0.1287 0.8600 0.8592 0.0027
2 0.1090 0.1063 0.0400 0.0400  -0.0027
.3 0.2880 0.2880 0.0790 0.0797 0.0
100,00 @, 0.2470 0.2227 0.7850 0.7623  -0.0243
’ 2 0.0680 0.0923 0.0250 0.0367 0.0243
37 0.5910 0.5910 0.1820 0.1911 0.0
100.00 ~1  0.2070 0.1867 0.7900 0.7761  -0.0203
2 0.3580 -0.3783 0.1330 0.1433 0.0203
3 0.2000 0.2000 0.05%0 0.0616 0.0
125,00 1 0.1330 0.1525  '0.8560 0.8640 0.0195
2 0.1120 0.0925 0.0430 0.0357 -0.0195
3 0.2640 0.2640 0.0750 0.0759 0.0

-

Ly

-0.0103
0.0117
~0.0005

-0,0167

0.0091
0.0057
-0.0479
0.0455
-0.0009
-0.0308
-0.0020
0.0309 |
-0.0184
0.0155

" 0.0014

"0.0530
-0.0288
-0.0422

-0.0008

0.0
0.0007 °
-0.0227
0.0117
0.0091
-0.0139
0.0103
0.0026
0.0080
-0.0073
0.0009

)
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Table C-1 (continued)

Pressure | X ’ y :
.atm_ , Comp. Expl :ggig Expl ‘ .ggig A
103.15 K (-170°C)
B |2x|ay = ©.0165 [2y|av = 0.0308
- 925.00 1 °0.2260  0.2020 .0.8000  0.8022 -0.0240
2 0.2130  -0.2370  0.0880  0.0927  0.0240
3 0.2600  0.2600 0.0830 0;0813; 0.0
125.00 1  0.1450  0.1459  0.8780  0.8758  0.0009
L 2 0.0560  0.0551 * 0.0230  0.0213  -0.0009
3 0.2760  0.2760  0.0770 - 0.0786 0.0
. 125.00 1 0.2940  0.2798  0.7590  0.7493 . -0.0142
2 0.0620  0.0762 '0.0290  0.0336  0.0142
3 0.5500  0.5500  0.1990  0.2036 0.0 -
150.00. 1 0.2040  0.1806  0.8580  0.8547  -0.023&
: 2 0.0950 0.1184  0.0390  0.047&  0.0234
3 0.2260 . 0.2260  0.0720  0.0692 0.0
150.00 1 0.2410  0.2305 0.7880 . 0.8007 -0.0105
' 2 0.1980  0.2085 - 0.0900  0.0866  0.0105
3 0.24%0  0.2490 ©  0.0880C  0.0838 0.0
150.00 1 0.1580  0.1661  0.8700  0.8785  0.0081
2 0.0520  0.0439 . 0.0220  0.0175  -0.0081
3 0.2560 G.2560  0.0740  0.0762 - 0.0
150.00 1 .0.4050  0.3532. 0.6810  0.7090 -0.0518
2 0.0520 0.1038  0.034%0° . 0.0552  0.0518
"3 0.4620  0.4620  0.2570 - 0.2%67 0.0
. ; 93.15 K (-180°C) .
|ax|ay = 0.0337 |aylay = 0.1272
150,00 1 0.3545  0.2792  0.7839  0.8213  -0.0753
2 0.2540_ 0.3293  0.1052  0I1031  0.0753
3 0.2483  0.2483  0.0905 _,9.0639 0.0
"150.00 1 0.2366  0.2340  0.8202  0.8539 - -0.0028
' 2 0.2051 : 0.2079. -0.0679  0.059 0.0028
3 0.3325  0.3325  0.0928  0.0742 0.0
150.00 1 0.1703  0.1793  0.8523  0.8800  .0.0090
2 0.2829  0.2739  0.0913  0.076% -0.0090
3 .0.1322  0.1322  0.0319  0.0279 0.0

. 0.0022

0.0047

- -0.0017

-0.0022

--0.0017

0.0016
-0.0097
0.0046
0.0046
-0.0033
0.0084
-0.0028
-0.0127
~-0.0034

- -0.0042

0-0085

. -0.0645

0.0062
0.0280
0.0212

-0.0403

0.0374
-0.0021

- -0.0027

0.0337
-0.0085
-0.0186
1 0.0277
-0.0144
-0.0040




Table €C-1 (continued)

--185 -

Pressure . T x
atm Comp. Expl Calc Expl Cale BAx_
* 93.15 K _(-180°C)
[8x|ay = 0.0337 [8yfav = 0.1272
150.00 1 0.1415  0.1742  0.8566  0.8852 _ 0.0327
2 0.2752  0.2425  0.0813  0.0680 -0.0327
3 0.1519  0.1519  0.0389  0.0317 0.0
150.00 1 0.0705  0.1085  0.9500  0.9600  0.0381
2 0.079t  0.0411  0.0205 0.0126 -0.0381
3 0.0619  0.0619 . 0.0090 0.0128 0.0
150.00 1 0.71545  0.1608  0.8697  0.8887  0.0063
2 '0.3207  0.3184  0.0997  0.0899  -0.0063
3 °0.0251  0.0251  0.005%  0.0053 0.0
150.00 1 0.1711  0.1625  0.8812  0.8961 -0.0086
2 0.189% 0.1981 = 0.0587  0.0556 ~ 0.0086
3 U.1622  0.1622  0.0391  0.0333 0.0
150.00 1 T.0.1306  0.151&4  0.8935  0.9100  0.0209
2 0.139%  0.1186  0.0386  0.0333 -0.0209
3 0.2092 0.2092  0.0464  0.0421 0.0
150.00 1 0.0841  0.1321  0.9167  0.9305  0.0480
2 0.1161. 0.0687  0.0332  0.0196 -0.0480
3 0.1758 - 0.1758  0.0296  0.0353 0.0
150.00 1 0.1577  0.1784  0,8505  0.8830  0.0207
' 2 0.2579  0.2372  0.0849  0.0663 -0.0207
3 0.1710  0.1710  0.0396 ~ 0.0357 0.0
150.00 1, 0.2479  0.2354 ™ 0.6007 - 0.8431- -0.0125
2 0.35%2  0.3687  0.1269  0.1075 ~ 0.0125
3 0.1505  ©0.1505  0.0507 0.0351 0.0
77.35 K (-195.8°C) _
, |8%|av = 0.0087 . |Ay|ay = 0.0081
75.00 1 0.1860  0.1548  0.9590 ~ 0.9392 -0.0333
% 0.4970  0.5303  0.0240  0.0434 10.0333
3 0.2990  0.2990  0.0170  0.0172 0.0 , -
75.0 1 0.1220  0.1470  0.9460  0.9438  0.0250
2. 0.39%0. 0.3690  0.0320  0.0299  -0.0250
3 0.4760  0.4740 © 0.0220  0.0262 0.0

0.0286
-0.0133
-0.0072
0.0099
-0.0079
0.0038
0.0190
-0.0098
~0.0007
0.0149
-0.0031
-0.0058
0.0165
-0.0053
-0.0043
0.0138
-0.0136
0.0057
0.0325
-0.0186
-0.0039
0.0424
-0.019%
-0.0156

-0.0198
0.0194
0. 0002

-0.0022

-0.0021
0.0042
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Table C-1 {(continued)

Pressure ' x y g
atm Comp. Expl Calc Expl Calc X

-

77.35 K (-195.6°C)
|x|ay = 0.0087 [Ay]|av

0.0081 :
L9451 0.0114 ¢.0021

75.00 1 0.1300 ~0.141%  0.9430 0O
2 0.4140  0.4026  0.0330  0.0323  -0.0114  -0.0067
3 0.4060  0.4060  0.0280  0.0222 0.0 -0.0018
75.00 1 -0.1620  0.1391  0.9390  0.9477 -0.0229  0.0087
2 0.2550  0.2779  0.0260  0.0223  0.0229 -0.0037
3 0.5570  0.5570  0.0350  0.0298 0.0 -0.0052
75.00 1 0.1310  0.1218 - 0.9470  0.9492 -0.0092  0.0022
2 0.4520  0.4612  0.0370  0.0369°  0.0092  -0.0001
3 0.2350 0,2380° 0.0160  0.0128 0.0 -0.0032
75.00 1 0.1300  0.1247 039430  0.9476 -0.0053  0.00%6
2 0.5050  0.5103  0.0440  0.0409  0.0053  -0.0031
o 3 0.1920  0.1920  0.0130  0.0105 0.0 -0.0025%
75.00 1 0.1190  0.1350  0.9360  0.9463  0.0160  0.0103
2 0.4530 0.4370  0.0390  0.0349  -0.0160 -0.0041
3 0.3330  0.3330  0.0250  0.0181 0.0 -0.0069
75.00 1 0.1660  0.1548  0.9270  0.9380 -0.0112  0.0110
2 0.6060  0.6172  0.0580  0.0505 - 0.0112  -0.0075
37 0.1900 ©.1900  0.0150  0.0111 0.0 -0.0039
75.00 1 0.1390  0.1430  0.9390  0.9454  0.0040  0.0064
2 0.3540  0.3500  0.0330  0.0282  -0.0040  -0.0048
3 0.4810  0.4870  0.0280  0.0262 0.0 -0.0018
75.00 1 0.1250  0.1482  0.9330  0.9419  0.0233  0.0089
2 0.5000 0.4768  0.0470  0.0386 -0.0233 . -0.0084
: 3 0.3%10  0.3%10  0.0200  0.0192 0.0 -0.0008
75.00 1 0.1230  0.1444  0.9450 . 0.9450  0.0215 0.0
) 2 0.3620  0.3%06  0.0310  0.0275 -0.0215 -0.0035
3 0.5000  0.5000  0.0240  0.0273  ©.0 0.0033
75700 1 - 0.1030  0.1096 - 0.9520  0.9556  0.0066  0.0036
2 -0.2930  0.2864  0.0260  0.0231 -0.0066 -0.0029
3 0.3880  0.3880  0.0220  0.0202 0.0 -0.0018 °
100.00 1 . 0.2160  0.1876  0.9270  0.9348  -0.0284  0.0078
2 0.3210  0.3494  0.0380  0.03%4  0.0284 ° 0.0036
3 0.4450  0.4450  0.0350 O

.0306 0.0 0.0044

/‘



Table C-1 (continued)
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Pressure

atm

100.

100.

100.

100.

100

100

100.

100

100.

100.

100.

00

00

0c

00

.00

.00

00

.00

Lo

00

00

X
Comp. Expl Cale Expl ! Calc
77.35 K (-195.8°()

|8x|ay = 0.0087 |2y|av = 0.0081
1 0.1770  0.1889  0.9240  0.9344+
2 0.3640  0.3521  0.0390  0.0347
3 0.4450 . 0.4450  0.0370  0.0307
1 0.2000  0.1847 » 0.9230  0.9349
2 0.3790  0.39%3  0.04620  0.0385
3 0.3790  0.3790  0.0350  0.0260
1 0.1720 0.1785  0.9370  0.9391
2 0.2650  0.2585  0.0290  0.0250
3 0.5370  0.5370  0.030  0.0355
1 0.1810  0.1566  0.9410  0.9407
2 0.4290  0.453%  0.0440  0.0433
3 0.2180  0.2180  0.0150  0.0144
1 0.1550  0.1589  0.9330  0.9393
2 0.4990  0.4952  0.0530  0.047%
30,1760  0.1780 0.0740  0.0116
1 0.1700  0.1730  0.9330  0.9337
2 0.4150  0.4120  0.0450  0.039
3 0.3230 0.3230 0.0220  0.0216
1 0.2100  0.1978  0.9150  0.9280
2 0.5630  0.5752  0.0690  0.0578
3 0.1840  0.1840  0.0760  0.0135
1 0.1590  0.1828  0.9250  0.9367
2 0.3450 0.3212 0.0390 0.0313
3 0.4680  0.4680  0.0360-  0.0316
1 0.1950  0.1933  0.9210  0.9312
2 0.4630 0.4647 0.0510 0.0462
3 0.3120 0.3120  0.0280  0.0222
1 0.1570  0.1846  0.9240  0.9362
2 0.3260  0.3184  0.0380  0.0311
3 0.4770  0.4770  0.0380  0.0324
1 0.1640  0.1409  0.9430  0.9481
2 0.2880  0.2911  0.0320  0.0276
3 0.3600  0.3600  0.0250  0.0226

Ax

C.0119.

-0.0119
0.0

-0.0153
0.0153

0.0 .

0.0065
-0.0065
0.0
-0.0244
0.0024
0.0
0.0039
-0.0039
0.0
0.0030
-0.0030
0.0
-0.0122
0.0122
0.0

- 0.0238

-0.0238
0.0
-0.0017
¢.0017
0.0
0.0277
-0.0277
0.0
-0.0031

0.0031
0.0

5

0.0104

-0.0043

-0.0063
0.0119
-0.0035
-0.0090
0.0021
-0.0040
0.0015
-0.0003
-0.0007

-0.0006

0.0063
-0.0056
-0.0024

0.0047
-0.0054
-0.00U4

0.0130
-0.0112
-0.0025

0.0118
-0.0077
-0.0044

0.0102
-0,0048
-0.0058

0.0122

-0.0069
#0.0056

0.0051

-0.0044
-0.0024
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Table C-1 (continued)

Pressure X y
- atm - Comp. Expl Calc Expi CLalc
77.35 K (-195.8°C)
|8x|ay = 0.0087 |ay|av = 0.0081

125.00 1 0.2220  0.2417 0.8750  0.9161
2 0.4750  0.4553  0.0880  0.0569

3 0.2870 .0.2870  0.0370  0.0266

125.00 1 0.2890  0.23%2  0.8580  0.9203
2 0.3110 - 0.3658 0.0700  0.0448

3 0.3900  0.3900  0.0720  0.0347

125.00 1 0.2200  0.2216  0.9130  0.9240
2 0.3700 . 0.3684-  0.0540 . 0.0439

3 0.3650 0.3650  0.0330  0.0312

125.00 1 0.2120 0.2200  0.9170  0.9256
2 0.3250 0.3170  0.0440 .. 0.0376

3 0.4280 0.4280  0.0390  0.0361

125.00 1 0.2130  0.2166  0.9210  0.9281
2 0.2570-  0.253%  0.0350  0.0298

3 0.5040  0.5040  0.0450  0.0416

125.00 1 0.1630  0.1821 0.9240  0.9334
2 0.4170  0.3979 0.0550  0.0452

3 0.2400 0.2800  0.0210  0.0191

125.00 1 0.1860  0.1885  0.9230  0.9300
2 . 0.4710  0.4685  0.0610  0.0538

3 0.16%0  0.16%0  0.0160  0.0138

125.00 1 0.2490  0.2100 0.9170  0.9265
2 0.3620  0.4010  0.0550  0.0468

3 0.3010 _ 0.3010°  0.0280  0.0251

125.00 1 0.2390  0.2403  0.8960  0.9146
2 0.5500  0.5487  0.0820  0.0686

3 0.1680  0.1680  0.0220  0.0158

125.00 1 0.1760° .0.2182  0.9090  0.9273
2 0.3110  0.2688  0.0470  0.0318

3 0.4870 0.4870  0.0440  0.0405

125.00 1 0.2410  0.2362  0.9090  0.9180
' 2 0.4440  0.4488  0.0600  0.0553

3 0.2870  0.2670  0.0310  0.0260

Ax

0.0197
-0.0197
0.0
-0.0548
0.0548
0.0

~ 0.0016

-0.0016
0.0
0.0080

-0.0080
0.0
0.0036

-0.0036
0.0
0.0191

-0.0191
0.0
0.0025

-0.0025
0.0

-0.0390
0.0390
0.0

0.0013
-0.0

0.0
0.0422
-0.0422
6.0
-0.0048
" 0.0048
0.0

E

0.
-0.
-0.
.0623
.0252
.0373
0111
.0101
.0018
.0086
. 0064
.0029
.0071
L0042
.0034
0094
.0098
L0019
.0070
.0072
.0022
.0095
.0082
.0029
.0186
0134
.0062
.0183
L0153
.0003
.0090
.0047
.0050

0411
031
0104

[
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Table -C-1 {(continued)

- 189 -

.0550

Pressure X Y
atm Comp. Expl Caic Expl Calc .
77.35 K {-195.8°C)
|2x] av = 0.0087 [8y|av = 0.0081
125.00 1 0.2140 0.2273 0.9040 0.9235
2 0.3290 0.3157 0.0460 0.0381
3 0.4430 0.4430 0.0500 0.0382
125.00 1 0.1430 0.1640 0.9370  0.9419
2 0.2740 0.2530 0.0340 . 0.0282
3 0.3670 0.3670 0.0290 0.0275
. 150.00 1 0.2680. 0.2841 "0.8490 0.9006
2 0.4450 0.4289 0.1060 0.0667
3 0.2730 0.2730 0.0450 0.0323
150.00 1 7..0.2620 0.2573 0.8910 0.9116
2 0.3450 0.3497 0.0630 0.0504
3 U.3470 0.3470 0.0460 0.0368
150.00 1 0.2320 0.2539 0.8960 0.9142
2 0.3120 0.2%01 0.0550 0.0414
-3 0.4190 0.4190 0.0490 0.0434
150.00 1 0.2550 0.2535 U.8980 0.9156
2 0.2420 0.2436 0.0430 0.0347 .
3 0.4790  0.4790 0.0590  0.0491
150,00 -1 0.2160 0.2079 0.9190 0.9233
2 0.3970  0.399 0.0530 0.0536
° 3 0.2060 0.2060 0.0240 0.0197
150.00 1 0.2100 0.2125 0.9080  0.9209
2 0.4800 0.4375 0.0700 0.0593
3 0.1680 0.1680 0.0180 0.0164
150.00 1 - 0.2230 0.2392 0.8990 0.9163
' 2 0.3830 0.3668 0.0640 0.0511
3 0.3010 0.3010 0.0370 0.0304
150.00 1 0.2970  0.2861 0.8720 0.89804
2 0.5030 -+ 0.5139 0.1020 0.0806
3 0.1680 G.1680 0.0260 0.0203
-150.00 1 0.2670 0.2613 0.8920 ¢.9116
2 0.2970 0.3027 0.0530 0.0440
3 0.4720 . 0.4120 0 G.o0437

0.0133
~-0.0133
0.0
0.0210
-0.0210
0.0

£ 0:0161

-0.0161
0.0
-0.0047
0.0047
0.0
0.0219
-0.0219
0.0
-0.0015
0.0015
0.0
-0.0081
0.0081
0.0
0.0025
~-0.0025
0.0

0.01§§tq
-0.016

0.0
~0.0109
0.0109
0.0
-0.0057
10.0057
0.0

-0.0195
-0.0079
-0.0118
0.0049
-0.0058
-0.0015
0.0516
-0.0394
-0.0127
0.0206
-0.0126
-0.0092
0.0162
-0.0136
-0.0056
0.0176
-U.0083
-0.0099
0.0043
0.0006
-0.0043
0.0129

~0.0107

-0.0016

0.0173

-0.0129

-0.0066 =

0.0260
-0.021%4
-0.0057

0.0196

-0.0090,

-0.0113
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Table C=1 {continued)
-y

Pressure X Y
atm Comp. Expl Calc - Expl Calc AX Ay

77.35 K (-195.8°C)

|ax]ay = 0.0087 [8y|av = 0.0081
150.00 1 0.2620  0.2736  0.8810  0.9048  0.0116  0.0238
2 0.4190  0.407¢  0.0800  0.0614 -0.0116 -0.0186
3. 0.2910  .0.2910  0.0390  0.0329 0.0 . -0.0061 -
156.60 1 0.1740  0.1902  0.9130 0.9331  0.0162  0.0201
L2 0.2610 0.2448  0.0430  0.0319 -0.0162  -0.0111
3 0.3580  0.3580 °  0.0440  0.0319 0.0 -0.0121

1

s\
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Table C-2

Compafison of Experimental and Calculated VLE Compositions

for the Quaternary System Ha.(1)-N2(2)-C0(3)-CHy(4) {100},

(Modified SRK Equation)

Pressure X y .
atm Comp. Expl Calce Expl . Cale Ax

103.15 K (-170°C)

|8x| ay = 0.0182 [8y]|av = 0.0009
75.00 "1 0.1380  0.1206  0.8510 . 0.8490 -0.0174
20,1150 0.1326  0.0440 . 0.0506  0.0174
3 0.31W  0.3110  0.0860  0.0852 0.0
75.00 1 0.1300 0.1421  0.8230  0.8147  0.0121
2 0.2600 0.,2479  0.0890  0.0913  -0.0121
3 0.2820 0.2820  0.0730  0.0797 0.0
75.00 1 0.3050 . 0.24505  0.7530  0.7143  -0.0645
2 0.2970  0.3815  0.1190 ~ 0.1519  0.0645
3 0.3700 0.3700  0.1280  0.1306 0.0
75.00 1 0.1520  0.1883~ 0.8040  0.7937  0.0363
2 0.0730  0.0367  0.0260  0.0151 -0.0363
3 0.6710  0.6710  0.1640  0.1842 0.0
75.00 1 0.15%0  0.1640  0.7930  0.7848  0.0100
2 0.3890  0.3790  0.1320  0.1372  -0.0100
3 0.2150 0.2150  0.061C  0.0647 0.0
100.00 1 0.3800  0.3733  0.663¢ . 0.6706 -0.0067
2 0.3980  0.4047  0.2280  0.219%  0.00677
3 0.2110  0.2110  0.1090  0.1072 0.0 .
100.00 1 0.1260  0.1461  0.8600  0.8688  0.0201
2° 0.1090  0.086%  0.0800  0.0340  -0.0201
3. 0.2880° 0.2880° 0.0790  0.0795 0.0
100,00 1 0.2470 - 0.2603  0.7850  0.7841 0.0133
2 0.0680 - 0.0547  0.0250  0.0237 -0.0133
3 0.5910 0.5910  0.1820  0.183% 0.0
100.00 1 0.2070  0.2177 ~ 0.7900  0.7878  0.0107
2 0.3580  0.34373  0.1336  0.1315  -0.0107
) 3 0.2000 0.2000  0.0590  0.0642 0.0
125.00 1 0.1330  0.1713  0.850  0.8737  0.0383
2 0.1120  0.0737  0.0430  0.0291 -0.0383
3. 0.2640 0 0

. 2640 L0750 0.0764 0.0

I&

.0020
.0066
.0008
L0083
.0023
L0067
.0387
.0329
.0026
.0103
.0109
.0202
. 0082
L0052
.0037
L0076
.0086
.0018
.0088
.0060
.0005
.0009
.0013
L0014
.0022
.0015
0052

0.
-0.
- 0.

0177
G139
0014




—
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Table C-2 {continued)

192 -

Pressure X
atm Comp. Expl Calce Expl Calc
103.15 K {-170°C)
|ax|ay = 0.0162 [ay|av = 0-0009

125.00 1 0.2260 0.2320 0.8000 0.8123
2 0.2130 0.2070 0..0880 0.0831

3 0.2600 0.2600 0.0830 0.0835

125.00 1 0.3360  0.3246 0.7370  ~ 0.7492
2 0.2650 0.2764 ., 0.1300 0.1269

3 0.2670 0.2670 0.0110 0.1057

125.00 1 0.1450 0.1633 0.8780 0.8859
2 0.050 0..0377 0.0230 0.0150

3 0.2760 0.2760 0.0770 0.0786

125.00 1 0.2940 0.3234 0.7590 0.7709
2 0.0620 0.0326 0.0290 0.0158

"3 0.5500 0.5500 ¢.1990 0.2006

150,00 1 0.2040 0.2015 0.8580 0.8651
2 0.09% 0.0975 0.0390 0.0399

3 0.2260 0.2260 0.0720 0.0705

150.00° 1  0.2410 0.2619 0.7880 0.8086
2 0.1980 0.1771 0.0900 0.0771

3 0.2490 0.2490 0.0880 0.0877

150.00 1 0.3980 0.3990 0.6760 6.7250
2 0.2470 U.2460 _ 0.1510 0.1336

3 0.23% 0.2390 0.1360 0.1160

150.00 1 0.1580 0.1841 0.8700 0.8885
2 0.0520 0.0259 0.0220 0.0107

3. 0.2560 0.2560 0.0740 0.0771

150.00 1 0.4050 0.4060 0.6810 0.7448
2 0.0520 0.0510 0.0340 0.0285

3 0.4620 0.4620 0.2570 0.2094

93.15 K (-180°C)
|8x|ay = 0.0370 |ay|ay = 0.0195

150.00 1  0.4418 0.4254 0.7107 0.7837
2 0.2560 0.2724 0.1547 0.1172

3 0.2339 0.2339  0.1159 0.0887

AX

-0.
0
0.

.0060
.0060

.0114
0114

.0183
.0183

0294
L0294

.0025
L0025

L0209
.0209

L0010
L0010V

.0261
.0261

.0010
0010

0164

0164

0

0.0123
-0.0049
0.0005
0.0122
-0.0031
-0.0053
0.0079
-0.0080
0.0016
0.0119
-0.0132
0.0016
0.0071
0.0009
-0.0015
0.0206
-0.0129
~0.0003
0.0490
-0.0174
-0.0200
0.0185
-0.0113
0.0031
0.0638
-0.0055
-0.0476

0.0730
-0.0375
-0.0272
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Table C-2 (continued)

Pressure X

atm Comp. Expl Calc | Expl = Cale
93,15 K (-1580°C)

|ax|ay = 0.0310 [y|ay = 0.0195
150,00 1  0.4120 0.3698 0.7548 0.8040
2 0.4080 0.4502 0.1979 0,1635
3 0.0547 0.0G547 0.0215 0.0192
150.00 1. 0.3686  0.3470 0.7860 0.8202
2 0.2508 0.2724 0.1088 - 0.0967
. ¥ 0.2365°  0.2365  0.0852 0.0708
150.00 1 0.3545 *  0.3469 0.7839 0.8210
2 0.2540 0.2616  0.1052  0.0930
3 0.2483 0.2483 0.0905 0.0739
150.00 1 0.1703 0.2103*  0.8523 0.8806
2 0.2829 0.2429 0.0913 0.0735
3 0.1322 0.1322 0.0319 0.0320
150.00 1  0.0705 0.1207 0.9500 0.9641
2 0.0791 0.0289 0.0205 0.0094
3 0.0619 0.0619 0.0090 0.0142
150.00 1 0.1545 0.1850  0.8697 0.8931
2 0.3207 0.2902 0.0997 0.0864
3 0.0251  0.0251  0.0054  0.0062
150.00 1 0.1711 7, 0.1894 0.8812 0.8970
2 0.1895 0.1712 0.0587 0.0521
3 0.1622 .. 0.1622 0.0391 0.0374
150.00 1 0.1306  0.1758 U.8935 0.9119
T2 0.739%  0.0942  0.0386  0.0290
3 0.2092 0.2092 0.0464 0.0462
150.00 1 0.24879  0.2837  0.8007  0.5414
2 0.3562 0.3204  0.1269  0.1030
3 0.1505 0.1505 0.0507 - 0.0414
150.00 1 0.4007 0.4335 0.6761 0.7645
2 0.4312 0.3984 0.2462 0.1802
3 0.0985 0.0985 0.0552 0.0428

77.35 K (-195.8°C)
|ax 0.0676 |y|ay = 0.0242

av

75.00 1 0.1880 0.2376 0.9590 0.9378
- 2 0.4970 0.4474 0.0240 0.0408
3  0.29% 0.2990 0.0170 0.0212

-0.0422
0.0422
0.0

-0.0216
0.0216
0.0

-0.0076
0.0076
0.0
0.0400

-0.0400
0.0
0.0502

-0.0502
0.0
0.0305

-0.0305
0.0
0.0183

-0.0183
0.0
0.0452

-0.0452
0.0
0.0358

~0.0358"°

0.0

0.0328
-0.0328

0.0

0.0496
-0.0496
0.0

<

0.0492
-0.0344

-0.0023 -

0.0342
-0.0121
-0:0144

0.0371
-0.0122
-0.0166

0.0283
-0.0178

/ 0.0001

0.0141

-0.0111
0.0052
0.0234

-0.Q133
0. 0008
0.0158

-0.0066

-0.0017
0.0184

-0.0096

-0.0002
0.0407

-0.0239

-0.0093
0.0884

-0.0660

-0.0124

-0.0212
-0.0168
0.0042
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Pressure

X
atm Comp. Expl Calc Expl ! Cale
77.35 K (-195.8°C)
|ax|av = 0.0676 [by|ay = 0.0242

75.00 1 0.1220-  0.1230  0.9460  0.1232
2 0.3940 0.3930 ° 0.0320 0.3933
3 0.4780  0.4740  0.0220  0.4735
75:00 1 0.1300 03168  0.9430  0.9435
2 0.4180  0.3272  0.0330  0.0306
.3 0.4060  0.4060  0.0240  0.0255
75.00 1 0.1620  0.2143  0.9390  0.9465
2 0.2550  0.2027  0.0260  0.0207
3 05570 0.5570 0.0350  0.0326

75.00 1 0.1310  0.1767  0.9470  Q
2 0.4520 0.4063  0.0370  '0.0348
3 .0.2380  0.2380  0.0160  0.0154
75.00 1 0.1300  0.179%  0.9430  0.9479
2 0.505U  0.4556  0.0440  0.0383
3 0.1920  0.19200  0.0130  0.0129
75.00 1 0.1190 . 0.2027  0.9360  0.9453
2 0.4530 0.3963 . 0.039C  0.0330
3 0.3330 0.3330 0.0250 - 0.0212
75.00 1 . 0.1660  0.2296  0.9270  0.9383
2 0.6060  0.5624  0.0580  0.0470
3 0.1900  0.1900  0.0150  0.0144
75.00 1 0.13%0 0.2204  0.9390  0.9437
2 0.3540  0.2716  0.0330  0.0266
3 0.4810  0.4810 . 0.0280  0.0295
75,00 1 0.1250 0.2275  0.9330  0.9404
2 0.5000  0.3975  0.0470  0.0364
3 0.3610  0.3%10  0.0200  0.0229
75.00 1 0.1230  0.2245  0.9450  0.9433
2 0.3620  0.2605 . 0.0310  0.0259
3 0.5000 0.5000  0.0240  0.0307
75.00 1 0.1030  0.1603  0.9520  0.9548
2 0.2930  0.2357  0.0260  0.0220
3 0.3880  0.3880  0.0220  0.0223

0.0010
-0.00170
0.0

0.0868

-0.0868
0.0
0.0523

-0.0523
0.0
0.0457

-0.0457
0.0
0.0494

=0.0494

6.0
(.0837
-0.0837
0.0
0.0636
-0.0636
0.0
0.0824
-0.0824
0.0
0.1025

.0.1025

0.0
0.1015
~0.1015
0.0
0.0573
-0.0573
0.0.

.8228
.3613
4515
.0005
.0024
L0015
.0075
.0053
.0024
.0019
.0022
.0006
.0049
.0057
.0001
L0093~
.0060
L0038
0113
L0110
.0006
L0047
.0064
L0015
.0074
.0106
.0029
.0017
.0051
.0067
.0028
.0040
.0003
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Table C-2 (continued)

Pressure X ' y
catm Comp. Expl Calc Expl Calc Ax Ay

77.35 K (-195.8°C) '
[8x|ay = 0.0676 |8y[av = 0.0262

100.00 1 "0.2160  0.2913 0.9270 0.9288 0.0753 0.0018
2 0.3210  0.2457 0.0380  0.0323 --0.0753 -0.0057
3 0.4450  0.4450 0.0350  0.0367 0.0 0.0037
100.00 1 0.2000  0.283&  0.,9230  0.9291 0.083%  0.0061
2 0.3790 0.2956° © 0.0420  0.0370 -0.083% -0.0050
_ 3 0.3790 0.3790 0.0350  0.0333 0.0 -0.0017
100.00 1 0.1810 0.2246 0.9410 0.9375 0.0436  -0.0035
2 0.4290°  +0.3854 0.0440° " 0.0423  -0.0436  -0.0017
.3 0.2180  0.2180 0.0150 0.0187 0.0 . 0.0037
100.00 1 0.1550 0.2256 0.9330 0.9367 0.0706 0.0037 .
2 0.4990 0.4284 0.0530  0.0463 -0.0706 -0.0067
3 0.1780 0.1740  0.0140  0.0155 0.0 0.0015 "
100.00 1  0.1700 0.2586  .0.9330  0.9329 0.0886 -0.0001%
: 2 0.4150  0.3264 0.0450  0.0384 -0.0886 -0.0066
3 0.3230 0.3230 0.0220 0.0277 0.0 0.0057
100.00 1 0.2100  0.2939 0.9150  0.9238 0.0839 0.0088
2 0.5630 0.4791 0.0690 0.0564 -0.0839 -0.0126
3 3 0.1840  0.1840 0.0160 0.0191 .0 0.0031
100.00 1 0.1440 0.2034 0.9430 0.9446 0.059% 0.0016
Y2 0.2880  0.2286  0.0320  0.0266  -0.0594%  -0.0054
3 0.3600 0.3600 0.0250 0.0272 0.0 0.0022
125.00 1 0.2890 0.3660 0.8580 0.9053  0.0770 0.0473
2 0.3110  0.2340 0.0700 0.0431 -0.0770 -0.0269
3 0.3960 0.3900 0.0720  0.0513 0.0 -G.0207
125,00 1  0.2490  0.3112  .0.9170  0.9153  0.0622 -0.0017
2 0.3620 . 0.2998 0.0550  0.0472 -0.0622 -0.0078
3 0.3010  0.3010 0.0280 0

.0358 0.0 0.0078
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Table C-3

Cohparison-of Experimental and Calculated VLE Compositions for

. the Quaternary System Hy{1)-Np{(2)-C0{3)-CHy(4)
(Modified BWR Equation)

Pressure X y
atm Comp. Expl Calc Expl Calc Ax

103.15 K (-170.0°C)
[Ax]ay = 0.0248 [ay|av = 0.0007

75.00

1 -0.1380 0.1163 0.8510 0.8579  -0.0217
2 0.1150 0.1367 0.0440 0.0472 0.0217
.3 0.3110 0.3110 . 0.0860 0.6789 0.0
75.00 1 0.1300 0.1330 0.8230 0.8280 0.0030
' 2 0.2600 0.2570 0.0890 0.085  -0.0030
3 0.2820 0.2820 0.0730 0.0719 0.0
75.06 1 0.3050 0.1845 0.7530 0.7411 -0.1205
2 0.2970 0.4175 0.1190 0.1480 0.1205
3 0.3700 0.3700 - 0.1280 0.1084 ¢.0
75.00 1 0.1520 0.1510 0.8040 ¢.8012 -0.0010
’ 2 0.0730 0.0740 -0.0260 0.0250 0=0010
3  G.6710 0.6710 0.1640 0.1672 0.0
75.00 1 0.1580 0.1493 0.7930 0.8006  -0.0047
2 0,359 0.3937°  .0.1320 0.1295 0.0047
3 0.2150 0.2150 0.0610 0.0568 0.0
100.000 1 0.1260 0.1463 0.8600 - 0.8733 0.0203
: 2 0.1090 ° 0.0887 0.0400 - 0.0314  -0.0203
3 0.2880 0.2880 0.0790 0.0756 0.0
100.00 1 0.257Q 0.2169  0.7850 0.7893  -0.0301
2 0.0680 0.0981. 0.0250 0.0356 0.0301
30,5910 0.5910 0.1820 0.1667 0.0
100.00 1 0.2070 0.2052 0.7900 0.8008 -0.0018
2 0.3580 0.3598 " 0.1330 01250 0.0018
3 0.2000  0.2000 0.0590 0.0573 0.0
125,00 1 0.1330 0.1764 0.8560 0.8752 - 0.8#34
.2 0.1120 0.0686 0.0430°  0.0256 -0.0434
3 0.2640 0.2640 0.0750 0.0745 ¢.0
125.00 1 0.2260 0.2304 0.8000 0.8203 0.0044
2 0.2130 0.2086 0.0880 0.0779  -0.0044
3...0

.2600  0.2600  0.0830  0.078% 0.0

1%

0.0069
0.0032
-0.0071
0.0050
-0.0036
-0.0011
-0.0119
0.0290
-0.0196
-0.0028
-0.0010
¢.0032
10.0076
-0.0025
-0.0042
0.0133
-0.0086
-0.0034
0.0043
0.0106 .
-0.0154
0.0108
-0.0080
-0.0017
0.0192

,=0.0174

-0.0005

0.0203
-0.0102
-0.0046
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Table €-3 {continued)

Pressure X
atm Comp. Expl Calc ~ Expl Calc
103.15 K (~170.0°C)
|ax|ay = 0.02u8 |ay|av = 0.0007
125.00 1 0.3360  0.2985  0.7370  0.7569
© 2 0.2650 © 0.3025  0.1300  0.1277
.3 0.2670  0.2670  0.1110  0.0970
125.00 1T 0.1450  0.1683  0.8780  0.8858
"2 0.050  0.0327  0.0230  0.0123
.3 0.2760  0.2760 . .0.0770  0.0774
125.00 1 0.29%0  0.2825  0.7590  0.7726
' 2 0.0620 - 0.073§‘A 0.0290  0.0305
3 0.5500  0.5500 - 0.1990  0.1846
150.00 17 0.2060  0.2130  0.8580 " 0.8636
' 2 0.0950  0.0860  0.0390 0Q345
3 0.2260  U.2260  0.0720 . 0.0707
150.00 1 0.2410 0.2692  0.7880  0.814C
' 2 0.1980  0.1698  0.0900  0,0702
3 0.2490  0.2490  0.0830  0.0846
150.00 1 0.1580  (.1941 . 0.8700  0.8853
| 2 0.0520 . 0.0159  0:0220 = 0.0064
3 0.2560  0.2560  0.0740  0.0780
93.15 K (-180°C)
|ax|ay = 0.0509 [ay|ay = 0.0142
150.00 1  0.4410  0.4075 . 0.7100  0.7652
2 0.2560 ~ 0.2895  0.1550.  0.129¢
3 0.230  0.2330 - 0.1160  0.0925
150-00 1 0.4120  0.3823  0.7540  0.7822
' 2 0.4080  0.4377  G.1980 .- 0.1783
'3 0.0550  0.0550 - 0.0220  0.0203
150,00 1 ~ 0.3680  0.3447  0.7860  0.8073
2 0.2510  0.2743  0.1090  0.1013
'3 0.2370  0.2370  0.0850  0.074%
150.00 1 0.3550  0.3438  0.7840  0.8080
S 2 0.2540  0.2652  0.1050  0.0978
30,2480 0,280  0.0910  0.0775.

Ax

-0.0375
" 0.0375

0.0
0.0233
-0.0233
0.0
-0.0115
0.0115
0.0’
~0.0090
~0.0090
0.0
" 0.0282
-0.0282
0.0
-0.0361
-0.0361
0.0

-0.0335
" 0.0335
0.0

© -9.0297

0.0297
0.0

 -0.0233

10.0233
0.0-
-0.0112

0.0112

. 0.0,

by

0.0199
-0.0023

-0.0140

0.0078
-0.0107
0.0004
.0.0136
0.0015
-0.0144
0.0056
-0.0045
-0.0013
0.0260
-0.0198
-0.0034
0.0153
-0.0156
0.0040

0.0552
-0.0260
-0.0235

. 0.0282

-0.0197
-0.0017

0.0213
-0.0077
-0.0106

0.0240
-0.0072

-0.0135
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Table C-3 {continued}

Pressure

0.1710°

X
atm Comp., Expl Calc Expl ! Calc . ax
' 93.15 K (-180°C) :
|ax|ay = 0.0509 [ay]ay =-0.0182 "7
.. 150.00 1 0.2370- 0.2845 - 0.8200°  0.8453 ' 0.0475
2 0.2050  U.1575  0.0680 ~ 0.0515 -0.0475
3 0.3320 —0,3320 0.0930  0.0861 0.0 *
150.00 1 0.0640 o;Tégg\ 0.8890  0.9177  0.0830
2 0.2270  0.1440 © 0.0760 ' 0.0472 - -~0.0830
3 0.0630  0.0630  0.0120  0.0158 0.0
150.00 1 0.1120  0.1974_ 0.8670  0.893%  0.085
' 2 0.2930  0.2076  0.0890  0.0659 -0.0854
. 3 0.0840  0.0840 - 0.0180  0.0205 0.0
150.00 1 ©.1700  0.2255  0.8520  0.8759  0.0555
2 0.2830-  0.2275 . 0.0910  0.0714  -0.0555
3 0.1320  0.1320  0.0320  0.0326 0.0
150.00 1 0.1420 - 0.2185  0.8570  0.8810 . 0.Q765
: 2 0.2750  0.1985  0.0810  0.0622 -0.0765
. 3 0.1520  0.1520  0.0390  0.0369 0.0
150,00 1 0.0710  0.1317  0.9500 - 0.9600  0.0607
2 0.0790  0.0183  0.0200  0.0064 -0.0607°
3 0.0620 0.0620 . 0.0090 ‘0.0153 0.0
150.00 1= 0.1550  0.2044  0.8700  0.8865  0.0494
2 0.3210  0.271%6  0.1000 ,0.0863 -0.0494
3 0.0250 © 0.0250 ~ 0.0050  0.0063 0.0
©150.00 1" 0.1710  0.2028  0.8810  0.8921  0.0318
2 0.1500 0.1582  0.0590  0.0497  -0.0318
-~ 73 0.1620 0.1620 0.03%0  0.0386 0.0
S150.00 1 0.1310 0.1864 039063  0.0554 .
2 0.1390  0.0836 0.0264  -0.0554
3 0.20%0  0.2090 "0.0484 0.0
150.00 1 0.0840  0.1674 0.9279  0.0774
‘ +2 0.1160  0.0386 0.0126 -0.0774
3 0:1760  0.1760 0.0410 0.0
150.00- 1 0.1580° - 0.2233 . 0.8785  0.0653
© 2 0.2580  0.1927 0.0603 -0.0653
3 0.1710 0.0415 0.0

e

0.0253
-0.0165 -
-0.0069

0.0287

-0.0288

0.0034

0.0264

-0.0231

-0.0025
0.0239 -
-0.0196
0.0006
0.0240.
-0.0188
-0.0021
0.0100
-0.0136
0.0063
0.0165.
-0.0137
0.0013
0.0111
-0.0093
-0.0004
0.0124
-0.0126
0.0024
0.0119
-0.0204
0.0110
0.0275
-0.0247

- 0.0025
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Table C-3 (continued)

Pressure x y
atm Comp. Expl\ _Calc Expl Calc Ax
93.15 K (~180°C)
|2x| ay = 0.0509 |ay|ay = 0.0142
150.00 1 0.2480  0.2957  0.8000  0.8354 . 0.0477
2 -0.3560  0.3063  0.1270  0.1028 - -0.0477
30,1510 0.1510  0.0510  0.0821 0.0
150,00 1 0.4010  0.4328  0.6760  0.7477  0.0318
2 0.4310 ° 0.3992  0:2460  0.1924  -0.0318
3 0.0990 . 0,0990  0.0550 ° 0.0440 0.0
77.35 K (-195.8°C) .
‘ [8x|ay = 0.0517 tay|ay = 0.0009
75.00 1 0.1880  0.1818  0.9590  0.9338 -0.0062
- 2 0.4970  0.5032  0.0240  0.0459 . 0.0062
3 0.2990  0.2990  0.0170  0.0201 0.0
75.00 1 0.12200  0.166%  0.9460  0.9385  0.0444
2 0.3940°  0.3496  0.0320  0.0320 -0.0444
3 0.4760  0.4740 © 0.0220  0,0295 0.0
-75.00 1 0.1980  0.2001  0.93%0  0.9266  0.0061
2 0.7660  0.7599  0.0660  0.0709. -0.0061
i 3 0.0310  0.0310 0.0  0.0024 0.0
75.00 1 0.1410 . 0.1768, 0.9000  0.9357  0.0358
27 0.4950  0.4592  0.0100  0.0417  -0.0358
30,3410 T0.3810  0.0100  0.0223 0.0
75,00 1 0.1300. 0.1659 * 0.9430  0.9401  0.0359
' 2 0.47%0  0.3781  0.0330  0.0341 -0.0359
3 0.4060  0.4060  0.0240  0.0253 0.0
75.00 1 0.1620 U.1549 0.93%0 0.9427  -0.0071
2 0.2550 ' 0.2621  0.0260 - 0.0240  0.0071
7 3 0.5570  0.5570  0.0350  0.0331 0.0
75.00, 1 0.1310  0.1553  0.9470  0.9457  0.0243
2 0.4520  0.4277  0.0370  0.0381 -0.02843
{Kg © 3. 0.2380  ©.2380  0.0160  0.0150 0.0
75.00 1 -0.1300  0.1594  0.9430  0.9441  0.029%4
2 0.5050  0.4756  0.0440  0.0423  -0.029%
.3 0.1920 0.1920  ©0.0130  0.0123

- 0.0

E

0.0354
-0.0242

- -0.008¢9

0.0717
-0.0536
-0.0110

-0.025¢2

0.0219

~ 0.0031

-0.0075
0.0
0.0075

-0.0074

0.0049.

0.0024
0.0357
0.0317
0.0123

-~-0.0029

0.0011

0.0013

0.0037
-0.0020
-0.0019

-0.0013

10.0011
-0.0010
0.0011

-0.0017.

-0.0007

A
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. Y
Table C-3 (continued)
Pressure SX —
atm __ Comp. Expl Calec Expl Calc Ax Ay
77.35 K (-195.8°C)
. |Ax|av = 0.0517 by[ay = 0.0009
L 75.000 17 0,110 0.1639  0.9360  0.9419  0.0499  0.0059
- 2 0.4530  0.4081 0.0390  0.0365 -0.0449  -0.0025
i 3 0.3330 - 0.3330  0.0250  0.0208 0.0 -0.0042
75.00 1 0.1660  0.1858 0.9270 0.9332  0.0198 0.0062
2 0.6060  0.5862  0.0580.  0.0532 -0.0198 -0.0048 -
3 0.1900  0.1900  0.0150  0.0132 < 0.0 -0.0018
75.00 1 0.1390  0.1629  0.9390  0.9402  0.0239  0.0012
. 2 0.3540  0.3301 0.0330  0.0301 -0.0239 -0.0030
. 3 0.4810  0.4810  0.0280  0.0295 0.0 0.0015
75.00 1 0.1250  0.1748 © 0.9330  0.9368  0.0498  0.0038
2 0.5000  0.4502  0.0470  0.0408 -0.0498 -0.0062
3 0.3310  0.3410 ©.0200  0.0221 0.0 0.0021
75.00 1 0.1230  0.1628  0.9450 .0.9398  0.0398  -0.0052
2 0.3620 0.3222  0.0310  0.029%  -0.0398 -0.0016
3 0.5000  0.5000 0.0240  0.0306 0.0 0.0066
75.00 1 0.7030  0.1375  0.9520  0.9523 . 0.0345  0.0003
2 0.2930  0.2565  0.0260  0.0235 -0.0345 -0.0025
3 0.3860  0.3880  0.0220  0:0229 0.0 0.0009
00.00 1 0.2160  0.2218  0.9270  0.9179  0.0058  -0.0091
2 0.3270 0.3152  0.0380  0.0407 -0.0058  0.0027
03 0.4450  0.4450  0.0350  0.0411  G.0 0.0061
10000 1 0.1770 0.2230 0.9240  0.9172  0.0460 -0.0068
2 0.3640 0.3180 0.0390 0.0412  -0.0460 0.0022
3 0.4450.  0.4450  0.0370  0.0413 0.0 10,0043
100.00° 1 0.2000 0.2246 0.9230 0.9185 0.0246  -0.0045
2 0.3790  0.3544  0.0420  0.0453 -0.0246  0.0033
3 0.3790  0.3790  0.0350 0.0353 0.0 0.0003
100.00 1 0.1720  0.2048  0.9370  0.9236  0.0328  -0.0135
2 0.2650  0.2322  0.0290  0.0295. -0.0326  0.0005
3 0.5370  0.5370°  0.03%0  0.0465 0.0 0.0125
100.00 1 0.1810  0.204%  0.9410  0.9284  0.023%4 -0.0126
- 2 0.4290  0.4056  0.0440  0.0495 -0.023%  0.0055
3 0.21860  0.2180  0.0150  0.0197 0.0 0.0047
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Table C-3 (continuéd)

Pressure

atm’

x

Comp. Expl

100.

100

100

100

100.

100

100.

125

125.

125

125

00

.00
.00
L0
00‘
.00
00

.00

.00~

.00

wm—\wr\:_‘wm_‘wm—awm—_xwmawm—\um—nwr\a—num_xwm—s

oo CcCCcCcC oo O0O0CCcCOoOCOoOCcCoCc oo CcCcooCc OO0 oo CooCoecooCC

Calc

Y

ExEl
"77.35 K (-195.8°C)

Calce

Ax

|6x]ay = 0.0517

Ay|av = 0.0009

. 1550

4990

1740
1700
4150
.3230

.2100 _

.5630
. 1840
-1590
. 3450
L4680

L1950,
4630 .

.3120
-1570
. 3460
4770
L1440

.2860 -

. 3600
2220
L4750
.2870
. 2890
3110
.3900
.2200
3700
.3650
.2120
.3250
4280

oo CcC o CCOCCoO0O0CO0O0QOCCOCC OO0 O00OoC e o

0.
0.
0.

0

2085
4455
1740

.2167
.3683,
.3230
. 2498
.5232
. 1840
.2153
.2887
-4680
.2381
4199
.3120
.2162.
.2868
4770
1798
.2522
.3600
.3122
.3848
.2870
22910
.3090
.3900
2792
.3108
.3650
.2701
.2669
.4280.

ocCcoOoOCcOoOCcCoOoOCcoOoOCcCCcCOoO0CCCOoOOCOoO0O0OC 00 C o OoOoCo

.9330
.0530
L0140
.9330
L0450
.0220
.9150
.0690
.0160
.9250
.0390
.0360
.9210
L0510
.0280
.9240
.0380
.0380
.9430
.0320
L0250
.8750
. 0880
L0370
.8580
.0700
.0720
.9130
L0540
20330
0.

9170

040440

0.

0390

0.9270
0.0545
0.0161
0.9231
0.0459
0.0294
0.9107
0.0620
0.0193
0.9205
0.0369
0.0421

0.9138

0.0548

0.0308.

0.9197

. 0.0368

0.0431
0.9373
0.0305
0.0297
0.8750
0.0777
0.0465
0.8813

0.0600

0.0582
0.8892
0.0575

1 0.0515

0.8913
0.0490
0.0330

0.0535
-0.0535
0.0

0.0467
-0.0467

0.0

0.0398
-0.0398

0.0

0.0563

-0.0563

0.0
0.0432
-0.0432
0.0
0.0592
-0.0592
0.0
0.0358
-0.0358
0.0
0.0902
-0.0902
0.0"
0.0020
-0.0020
0.0

0.0592

-0.0592
0.0
0.0581

-0.0581

0.0

~0.0060

0.0045
0.0021
-0.0099
0.0009
0.0074
-0.0043
0.0
0.0033
-0.0045
-0.0021"
0.0061
-0.0072
0.0038
0.0028
-0.0043
-0.0012
0.0051
-0.0057

-0.0015

0.0047
0.0
-0.0104
0.0095
0.0233
-0.0100
-0.0138
-0.0238
0.0035
0.0185
-0.0257
0.0050
0.019%
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Table C-3 (continued)

Pressure

atm

125

125

125

125

125

125,

125,

125

125

150

150.

.00

.00

LOU

.00

.00

00

(V1¥]

.00

.00

.00

00

0437
0437
U

0776
0776

.0

0661
0661

0
L0221

0221

.0

0805

.0805
.0
L0846

0846

.0

0641

L0641
.0

0622
0622
0

L0672
0672
0

1197
1197
0

0730

.0730

X
Lomp. Expl Gale Expl > Calc ax
77.35 K {-195.8°C)
leIav-= 0.0517 ~ |Ay|ay = 0.0009
1 0.2130 0.2567  0.9210  0.8948 0.
2 0.2570  0.2133  0.03%0  0.0386  -0.
3 0.5040  0.5040  0.0450  0.0656 0.
1 0.1630 0.2406 0.9240  0.9084 0,
2 0.4170 0.3394  0.0550  0.0567 =0,
3 0.2600 0.2400 0.0210  0.0302 0
1 0.1860  0.2521 0.9230  0,9041 0.
2 0.4710 0.4049  0.0610  0.0687  -0.
3 0.16%0 0.1690 0.0160  0.0224 0
1 0.2490  0.2711 0.9170  0.8951 0
2 0.3620  0.3399 0.0550  0.0606  -0.
3 0.3010  Q.3010 0.0280 ~ 0.0412 0
1 0.2390  0.3195 0.8960  0.8753 0.
2 0.6500 0.4695 0.0820 0.0943 -0
3 0.1680 0.1680 0.0220 0.0282 0
1 0.1760  0.2606  0.9090  0.8935 0
2 0.3110 0.2264 0.0470  0.0412  -0.
3 .0.4870  0.4870 . . 0.0440  0.0643 0
1 0.2410  0.3051 0.9090  0.8788 0.
2 0.4440  0.3799 0.0600  0.0747 -0
3 0.2870  0.2670  0.0310  0.0451 0
1 0.214U0  0.2762 0.904U0  0.8868. 0.
2 0.329 0.2668 0.0460  0.0503 -0.
3 0.4430 0.4430  0.0500  0.0623 0.
1 0.1430  0.2101 0.9370 0.9206 0
2 0.2740 0.2069 0.0380  0.0335 -0
3 0.3670  0.3670  0.0290  0.0414 0
1 0.2680  0.3877 0.8490  0.8186  O.
2 0.4450  0.3253 0.1060  0.1049  -0.
3 0.2730  0.2730  0.0450  0.0747 0.
1. 0.2620  0.3350  0.8910  0.8480 0.
2 0.3350  0.2720 0.0630  0.073¢ -0
3 0.3470  0.3470  0.0460  0.0748 0.

0

Ly

-0.0262
0.0046
0.0206

-0.0156
0.0017
0.0092

-0.0189
0.0077

. 0.0064

-0.0219
0.0056
0.0132

-0.0207
0.0123
0.0062

-0.0156

-0.0058
0.0203

-0.0302
0.0148
0.0141

-0.0172
0.0043
0.0123

-0.0165

-0.0005
0.0124

-0.0304 -

-0.001M1
-0.0297
-0.0430
0.0104
0.0288
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Table C-3 (continued)

o~
Pressure’ X y
atm Comp. Expl Calc Expl Calc Ax Ay
N 77.35 K (-195.8°C)
|8x] a4y = 0.0517 |8y}av = 0.0009

150.00 1 0.2550 0.3084 0.8980 0.8549 0.0534%  -0.0431
2 0.2420 0.1686 0.0430 0.0489  -0.0534 0.0059
3 0.4790 0.4790 0.0590 0.0943 0.0 0.0353
150.00 1 0.2160 0.2788 0.9190 0.8808 0.0628  -0.0382
) 2 0.3910 0.3282 0.0530 0.0739  -0.0628 0.0210
3 0.2060 0.2060 g.0240 0.0364 0.0 0.0125
3150100 1 0.2100 0.2873 0.9080 0.8771 0.0773  -0.0309
2 0.4400  0.3627 0.0700  0.0831  -0.0773 0.0131
3 0.1680 0.1680 0.0180 0.0308 0.0 0.0128
150.00 1 0.2230 0.3151 0.8990 0.8620 0.0921t - -0.0370
2 0.3830 0.2909 0.0640 0.0724  -0.0921 0.0084
3 Q.3010‘ 0.3010 0.0370 0.0593 0.0 0.0223
150.00 1 0.2970 0.4035 0.8720 0.8161 0.1065 -0.0558
2 0.5030 0.3965 0.1020 0.1310 -0.1065 0.0290
3 0.1680 0.1680 0.0260 0.0486 0.0 0.0226
150.00 1 0.2670 0.3301 0.8920 0.8458 0.0631 -0.0462
2 0.2970 0.2339  0.0530 0.0638 -0.0631 0.0108
3 0.4120 0.4120 0.0550 0.0883 0.0 0.0333
150.00 1 0.2620 0.3675 0.8810 0.8310 0.1055  -0.0500
2 0.4190 0.3135 0.0800 0.0937  -0.1055 0.0137
3 0.2910 | 0.2%910 0.0390 0.0723 0.0 0.0333
150.00 1 0.1740 0.2444 0.9130 0.8968 0.0704  -0.0162
2 0.2610 0.1906 0.0430 0.0405 -0.0704 -0.0025
3 0.3580 . 0.3580 0.0440 0.0550 0.0 0.0110
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APPENDIX D

CALIBRATION RESULTS OF THE dAS CHROMATOGRAPH

'|
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APPENDIX D
Figure Page
U-1  Calibration Curve tor Nitrogem and Carbon Dioxide
Mixtures ..... e eeeaaaa tiaeeeaaan Cereessienrenaes <. 206

D-2 Calibration Curve for Nitrogen and Methane Mixtures...... 207

D-3 Calibration Curve for Methane,and Ethylene Mixtures...... 208
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FIGURE D-1: CALIBRATION CURVE FOR NITROGEN AND
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APPENDIX E

COMPUTER PRUGRAMS USED IN TH1S INVESTIGATION

oty
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APPENDIX E
Program
E-1 Computer Program Used to Predict VLE Properties and
Cij Values for Binary Systems by Using the ICL
Equation of State.......c.eieiniretarsneecesnonnecscscnsns

k-2 Computer Program Used to Predict VLE Properties for
Multicomponent Systems by Using the ICL Equation
of State....... cares e esasiraerreseantsaataases ey

E-3 Computer Program Usd- to Predict VLE Properties for
Multicomponent Systems by Using . the Modified SRK
EQuation of StAte .iuviiiirieinerrrninracroananneeassns A

£-4  Computer Preogram Used to Correlate Hinary Interaction
Coefficient, CiJ ................... N hersesiteasercanan

Page

232
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PROGRAM E-1

. : \
- . Computer Program Used to Predict VLE Properties and Cij Values
/ 0
for Binary Systems by Using the ICL Equation of State

JEOR -



C

sXslelnivieininisisisisislsisisisisisislieislinielinisisinsislinliglialale)

B 41:2_ B

'****t*#*t*t*#‘*'*****m*‘*#Hi*t*!*t***t***Hlﬂﬁl*lﬂ#*****t#l‘nmlm*

PROGRAM E-1 _ _

COMPUTER PROGRAM USED TO PREDICT. VLE PROPERTIES AND
ClJ VALUES. FOR BINARY SYSTEMS BY USING THE ICL -
EQUATION OF STATE

("
3 e 2 s o N o o ol ok o aic e ol o ok o i e o e O o o e o o e e o K N e Kk Ok
»

THIS PROGRAM 1S USED TO FIND THE VALUE OF K12 FOR BINARY SYSTEM
SUCH THAT THE DEVIATION OF PRESSURE, PCALC. - PEXP., IS MINIMUM .
THIS PROGRAM 1S A COLLECTIVE VERSION OF THE PREVIOS ONES
MODIFIED BY C.-T. FU .

DEPARTMENT OF CHEMICAL ENGINEERING - . (:,
GRADUATE SCHOGL '

STUDENT NUMBER 039129

FU CNENG TZE

MAY 24, 1979

A X KRR T AR RS RSN R X

»

SUBROUTINES PYINIT, PCALC, YVCALC, SUPT, CUBEQN AMD EQMRK ARE
REQUIRED . L

DIMENSION TITLE (20) 11(5), VCII(5), TCII{5), W{5),
CIWATLI(S), WBII(S) {5}, COMPBI(5), COMPC{(5)

ﬂ****"****"'**m**\*ﬂglﬂﬂﬂmmﬂ*#**‘NN***H*‘**‘**ﬁ*‘**lk***ﬁ*k

2FREFER(5), PHI(S), PHIVIS}, PHIJ(5), PHIK(S), P1(5],
3PTVOL{S), PPYOL(S}, YVV(5), CORRL(5,5), X(5), Y{5),
apx(5), VC(5), TCI5), EXGI5), EXGF(5}, vxt51. VWLIS},
50Y(5), PVOL(5}, GAMMB(5), GAMMA(S), AMDLWI(5), PC(5),
6XX(50.5), YY(50,5), PP(50), EXG1{5), COMPR(S),

755DK(5), ESSDK{S), SADKI(S) -
DIMENSION AD(20), A1(20), A2{(20), A3(20), B(20),

1TR{5), Si5)

DIMENSION EDYAV(S5), DYAVI(5), EDY(5)

DIMENSION POD(S}

COMMON /FIRST/ TC, PC, VCII, W, AMOLWT, T, P, R,
INCOMP, NOQNTUM /SECOND/ Z, A, MTYPE /THIRD/ PCII, TCII,
2WATIL, WBII, PSI, PP, XX, YY, IJK, KIJ, NOI, ITER, K,
3CORRL, EXGT, PPVOL, PHI, PHIV, VV, VVL1, DV, P1, PPP,
4Y /FOURTH/ SDP, EP, DP, SSDY, SDY, SDV, PHIK, GAMMA,
S5EXG, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXG1

- B/FIFTH/ DPAV, EDYAV, EDY, EDP, EDPAV DYAV SEDK

L

TSADY, SADK /SIXTH/ PN /SEVEN/ PoO, KPRINT
NONH2 = 10
FOR NON-HYDROGEN SYSTEM SET NONH2=100
FOR HYDROGEN SYSTEM SET NONH2 =10
READ, (1,610} M
M3 = 2 % (M% 1) + 2 » (M + 2)
M1 = M + 2



o000 [ale .

OO0

O OOOa0

-bD 101 =1, M4
. READ {1, 770) AD(I), At
10 WRITE (3 620) AO(1}, A

20 READ {1,630,END=§00) (TI
WRITE (3,640} (TITLE(I],
READ {1,650) NCOMP, NQNT
IF NONTU IS 1 XX IS5 K VALVE, :
NONTUM = 2 | XX AND YY ARE GIVEN\IN K1 AND Ke, RESPECTIVELY
" LF (NCOMP ,LE. 0) GO TO 20
NCOMP MUST:BE GREATER THAN ZERD
NCOMP: NO.-OF COMPONENTS INe"THE XTURE
R: GAS CONSTANT
IJK: CONTROL VARIABLE
WRITE HEADINGS
WRITE (3,660)
WRITE (3,670!

DO 30 I = 1, NCOMP

READ {1,680} PCII(I), vCII(1), TCIL(I), w(l), WAII(I),
IWBIT(I), COMPA{I}, CDMPB(IJ. CUMPC(!). COMPDI(I) |
30 WRITE (3 690) PCIT(1), VCII{L}, TCII{L}, WLI),
IWALI(I), WBII(I), COMPA(I). CDMPB(I). COMPCI(I),
2COMPDIT)
IT T
0 DEGREE K
1 DEGREE F
2 » DEGREE C
READ {1,700} T, PSI, IT
1P (1T (EQ. = {7 -32.) =5, /9, + 273.15

1T
1IF (1T .EQ. ?) T =T+ 273.15

40 WRITE (3,710) T, PSI
[JK p
0 P51A
1’ " ATM
2 MPA
3 MMHG

READ (1,720) 1JK, KIJ, CINl, CFIN ~
PP 15 EXPERIMENTAL VALUE OF PRESSURE

NCOMP1 = NCOMP - 1
NOT = 1

56 READ (1,730) PPINOL), [XX(NOI,d),J=1,NCOMP1]),
TLYYINOL,d]),J=1,NCOMP 1)

105 FORMAT(F14.8,F10.9,F14,13) .
IF . (NQNTUM .EQ. 1) XX{NOI,1] = YY(NOI.1) / XX{NOI, 1}
IF {NQNTUM .EQ. 2) GO TO 90

60 CONTINUE

IF {1JK .EQ. 4) PP{NDI) = PP(NOI} / 78.0 = 14,697
IF (1JK .EQ. 3) PP(NOI) = PP{NOI} / 760.0 = 14,697
IF- (ITJK .EQ. 2} PP(NQOI} = PP(NDI} = 1000. / 6.895
IF (IJK .EQ. 1) PP{NOI} = PP(NOI) = 14,697
Sx = 0.0
SY = 0.0 : 4
IF (PPINOI}} 100, 70, 70
70 DO 80 J = 1, NCOMP1
SY = SY + YY(NOL,J}
= SX + XX{NOI,J)

BO S5X



»

c

»

C
C
C
c

90

100
110
120

130

140

"~ 150

160
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XX{ND1,NCOMP) =.
YY(NOI NCOMP} =
PP(NOI) = PP(ND
WRITE (3,740) N
10YYINOI, J), U=
PP(NOI) = PP(N
NOI = NOI + 1
GO 70 50 ]
CONTINUE

TEMP = (1. - YYINOI, 1)) / (XX{NOI,1) - YY(NOI,1])
YY{NDI, 1) = TEMP * XX{NDI,1)

XX(ND1,1) = TEMP

GO T0 60 -
NOI = NOI
Bk4 = 0.0
READ (1,750) BK4, BK5, BKG, 'BK7. BKB. BKS

DO 120 1 = 1, NCOMP
TRII) = T / TCII{I}

WRITE {3,780} (TR{I),1=1,NCOMP)
READ [1,770) wi1), W(2), W(3), W(4)

0 - SX

0 - S5Y

/ 14,697

, PPINOI), (XXINOI,d},d=1,NCOMP],
OMP )

1.

1.
1)
0l
,NC , )
Ol} ~ 14.897

nn

1T o=

IVPE = 0 VAPOR PRESSURE IS THE ANTOINE EQ.
IVPE = V VAPOR PRESSURE IS5 GDODWIN'S EQ.
*IVPE = 2 FOR GDODWIN V.P.EQ. ( CH4)

IVPE=3 FOR V.P. IN ATM. AT THE SPECIFIED TEMP.

DO 180 1 = 1, NCOMP

READ (1,650) IVPE

IVPE = IVPE + 1

GO TO (140, 150, 160, 170), IVPE
READ {1,730} AAP, BBP, CCP

WRITE (3,740) 1, AAP, BBP, CCP

POO(1) = AAP - BBP / (CCP + T - 273,15)

POO(1) = 10. == POO(1} / 760. -
IF (TR{I) .GT. 1.0) POO(I) = 10. *» (ALDG1D(PCII{I}}=
1TR(1])-

WRITE (3,740) IVPE, POO(I)

GO T0 180 o

READ (1,730) AAP, 8BP, CCP, DDP

AP = (1, - B3, 14/T) / (1. - B3.14/T7CI1(1})
POO{II_= AAP » XP + BBP » XP » XP + CCP *-XP »» 3

FX = 0.

IF (XP..LT. 1.) FX = -(1. - XP) *= 2 * ALOG(1. - XP)
POO(1) = POO(I) + DDP = FX .
POO(I) = EXP{POO(1}) » .1233

1§}tx9 LGT. 1.0) POO(I) = 10. == {ALDGI0O(PCII(IJ}=TR(
11

WRITE (3,740) I, AAP, BBP, CCP, DDP
WRITE (3,740) IVPE, POO(I)
GD TO 180
READ (1,730) AAP, BBP, CCP, DDP
XP = {1. - 90.68/T) / (1. - 90.68/TCI1(1})
XXP = ABS(1. - XP)
IF (XP .GE. 1.} DDP = 0.0
POO(I) = AAP = XP + BBP * XP % XP + CCP = XP »x 3 +
IDDP = XP * XXP == 1.5
POO(I) = EXP{POO(1)) = .1158 . : .
I?)(XP .GT. 1.0} POD{I) = 10. == (ALOGIO{PCII(I)}=TR(
11 :
WRITE (3,740) 1, AAP, BBP, CCP, DDP

'

a

N




c

C

O

170
180

e 215 -

WRITE (3,740) IVPE, POO(I)
GO 70 180

READ (1,738) P0O(I1)
WRITE (3,740) IVPE, PDO(I]) i :
CONTINUE :

READ (1,7B0) BW, WA10, WA11, WA1T2, WA13

READ (1,780) BW, WA20, WA21, WA22, WA23

WRITE (3,620) WA1D, WA1Y, WA12, WA13, WBi10, WB13,
iWB12, WB13.

WRITE (3,620) WA20, WAZ1, WA22, WA23, WB20, wB21,
1WB22, WB23

DO 190 I = 1, NOI
IF (XX{NOI,1} .LY. .0 .OR. XX(NOI,t} .GT. 1.0}
1G0 TO 20

190 CONTINUE

200

(%]
—_
(=]

220

DO 200 I = 1, NCOMP
S(I) = 10. == ([1. - SQRT{TR{I})}*(.028 + .6B5=~w(l) -
1.2%(1, - TR{1}I))

WAITI1) = .82748 = S(1) =* 2.5

WBI1(1) = .08664 » S(1] B
WRITE (3,790) 1, S{1), I, WAII{I), I, WSII(I]-
CONTINUE

DO 250 Jud = 1, NCOMR.

IF (TR(JJJ) .LT. .85} GO TO 220

11 =1 . .

1FF = M1

DO 210 IN = 11, IFF

1= IN - 11 + {

B(I) = AOCIN) + AT{IN) = Wlddu) + A2(IN) = WiJdd) * Wi
1JUdi + A3(IN} = W(udJd) = Wlddd) = WlJdd)

JN = M+ 2 + IN .

Js M+ 2+ 1

BiJ) = ADIJN) + AT(JN) * WIJJd) + A2(JN) » WlJdUd} * W(
10Jd) + A3UONT = Wlddd] *» Widdd) = W{ddd) .
IF (TR{Jud? .GE. 1.0} WAII(JJyu) = B(1}

IF (TR{JUJ) .GE. 1.0) WBII{JJd} = B(S)

IF (TR{JUJ) .GE. 1.0} GO TO 250

WALL(dJud) = B{1] + B(2) = (1. - TR{JJd)) + B(3) = {1.
%5 {R(Jdd)) wx (1./3.) + B(4) = {1. - TR(UdJ)) == (2./
WBI1(Jud) = B(5) + BB} = (1. - TR{JUU}) + B(7) ‘= {1,
éé IR(JJJ)) wx (1./3.) + B(B) = 1. - TR{JUd)) == (2.}
GO TO 250

I1 =2 = (M+ 2) +1

IFF = 2 * (M + 2) + (M + 1)
WAII{Jdd} = 0.0

WB11(Jdd) = 0.0

DO 230 IN = 11, IFF o
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"

J= M+ 1+ 1
230 Bld).= AO(UN) + AT{JN) = Widdd) + A20UN) = W(dJJd) = Wl
1ddd) .
M ewe '
= +
c ) \
DD 240 I = 1, M2
Jo = 1 = i
b= R+ 1+ ]
WATI(JUJ) = WALIEJUd) + BiI) = TR{JUU} == Ju
240 WBII1{JJU} = WBII{JUdd .+ Blu} = TRIJUJ) =* JU
C
250 CONTINUE
¢
WBII(1} = 0.034 - .025 = W(1) + 0.1 / TR{1} - 0.025 /
1TR(1) =* 2M - SRK1P
WBII(2) = 0.034 - 0.025 = W{2) + 0.1 / TR{2} - 0.025 /
1 TR(2) =* 2M - SRK1P -
WALI(1) = WA10 + WA11 / TR{1} + WA12 / TR{1) == 2M -
1SRK 1P :
WATI{2) = WA20 + WAZ21 / TRI2) + WA22 / TR(2) =x 2M -
1SRK 1P : :
o

DO 260 1 = 1, NCOMP .

WAIT(1) = ((1.12961961 - .7846527sW(I1]) + (-.13989729
1% 1.0449394*W{I)1/TRII) + (.012089291 - .24B21323=W(I)
2V/TR{1)=#2) =» 2 » 467123

WBI1(1) = .108762 X
» WAII(]) = {.35130808 - W(11%.79946286) + (.18385964 +
{W(1)*.92295131) / TR{i}) + (~.066361596 - W{l)x.
219401652) / TR(I) =x 2

WAII{I) = (.35190808 - W(1}».85117382} + (.18385964 +

1W(1)*=1.0010328) / TR(1) + (-.066361596 - W(I}l=*,

222265942) / TR{1} =* 2 ‘

N?ll(lé = .034 - ,025 = W(l)'+ .1/ TR(I) - .025 / TR{

11 o ' :
260 CONTINUE ’ ) ‘k
C

1F {NDNH2 .EQ. 100} GD TD 270
w?11(1% = 0.503476 - 0.00876 / TR(1) - 0.028115 / TR{
1) =»
ws}1§1> = 0.100278 - 0.0233989 / TR{1) + 0.032129 /
1TRIT) =+ 2

270 WRITE .(3,800) (WAII(L},E=1,NCOMP}, (WBI1I1(1),1=1,NCOMP)
1, (S(1),1=1,NCOMP) . '

280 CONTINUE

590 KIJ = KIJ + 2
IF (KIJ .GE. 3) GO TO 20

300 WRITE (3.810) 1JK, KIJ, CINI, CFIN

c GOLDEN SECTION SEARCH TECHNIQUE FOR FINDING THE VALUE K12 SUCH
KPRINT = ,
c THAT SDP IS MINIMUM
TOL = .00005 _
TOL = .0001L
It =0
> 12 =0 .
13 = 0
14 2 0
BK4 = CFIN
BK1 = CINI
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NOS = 1

1F (11 .EQ. 1) GO 7O 320
pPP = P8I

CALL PYINIT(BK1)

DO 310 K = 1, NOI
CALL XCALC
CALL YVCALC
310 CONTINUE

C
Psl = PPP
DP1 = SDP
DY1 = DP!
pY1 = SSDY
11 = 1

320 IF (12 .€Q. 1) GO TO 340
BK2 = BK1 + (3.0 - SQRT(5.01) / 2.0 = (BK4 - BK1}
PPP = PSI
50P = 0.0
spv = 0.0
ssby = 0.0
sapy = 0.0
§5DKi1} = 0.0
SspK(2) = 0.0
CALL PYINIT(BK2I

C L]
DO 330 K = 1, NOI
CALL XCALC

CALL YVCALC
330 CONTINUE

C
psl = PPP
DF2 =.S0P
DY2 = DP2
py2 = SSDY
12 = 1

c3002 1F (ABS(DP2 - DP1}.LE. TOL .OR. ABS(BK2-BK1) .LE. TOL} GO TO 7001
c3002 1F (ABS(DY2 - DYt).LE. TOL .OR. ABS(BK2-BK1) .LE. TOL) GO TO 7001
340 IF (ABS(DY2 - DY1} .LE. TOL .OR. ABS(BK2 - BK1) .LE.
1TOLY GO TO 440
€5000 1F {DP2 .GT. DP1] GO TD 4001
350 IF (DY2 .GT. DY1) GD 1D 410
360 IF (13 .EQ. 1) GO TO 380
BK3 BK4 - (3.0 - SQRT(5.0}) / 2.0 » (BK4 - BK1)
PPP PS1
spp 0.0
SOV 0.0
58DY =
SADY =
1

nmuwnn

DO 370 K = 1, NOI
CALL XCALC
CALL YVCALC

370 CONTINUE

pPS1 = PPP ‘ -
DP3 = SDP
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DY3 = DP3
DY3 = 55DY
13 = 1

C3003 IF (ABS(DP3 - DP2}.LE. TOL .OR. ABS(BK3-BK2) .LE.
€3003 IF (ABS(DY3 - DY2}.LE. TOL .DR. ABS(BK3-BK2) .LE.

TOL) GO TO 7002
TOL} GO TO 7002

380 1F (ABS{DY3 - DY2) .LE. TOL .OR. ABS(BK3 - BK2) .LE.

1TOL} GO TO 470

c . IF {(DP3 .GT. DP2) GO TO 4003
IF (DY3 .GT. DY2} GO 70 420
IF (14 .EQ. 1) GO TO 400

PPP = PSI

50P = 0.0

sbv = 0.0

Sspy = 0.0

Sapy = 0.0
550K(1) = 0.0
SSDK(2) = 0.0
CALL PYINIT(BKA)

© DO 390 K = 1, NOI
CALL XCALC
CALL YVCALC
390 CONTINUE

c
PSI = PPP
DP4 = SDP
DY4 = OPA -
DY4 = SSDY

. €3004 IF (ABS(DP4 - DP3).LE. TOL .OR. ABS({BK4&-BK3) .LE.
C3004 IF ¢ABS(DY4 - DY3).LE. TOL .OR. ABS{BK4-BK3l .LE.

TOL) GD TO 7003
TOL) GO TO 7002

400 IF (ABSIDY4 - DY3} .LE. TOL .OR. ABS(BK4 - BK3} .LE.

1TOL) GO TO 480
IF (DY3 .GT. DY4) GO T0 430

BK1 = BK2
DP1 = DP2

. DYl & DY2 -
BK2 = BK3
pp2 = DP3
DY2 = DY3
13 =0

IF (NOS .GE. 301 GO TD 4990
NOS = NOS + 1

° GD 7O 3860
410 BK4 = BK2
: DP4 = DP2
DY4 = DY2
14 = 1
12 = 0
13 =0

IF (NOS .GE. 30) GO 70 490
NS = NOS + 1

G0 TO 320
420 BK4 = BK3
DP4 = DP3
DY4 = DY3
BK3 = BK2
DP3 = DP2
DY3 = DY2 ’ .
14 1



430

440

450

460

470

480

IF (NOS .G
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+ (3.0 - SOQRT(5.0)} / 2.0 = (BK4 - BK1)

E. 307 GO TD 490
NOS = NDS + 1
GO TO 320
BK1 = BK3
DPt = DP3
DY1 = DY3
12 =0
I3=0 '
IF {NOS .GE. 30) GO TO 490
NOS = NOS + 1
GO TO 320
BK4 = BK2
pP4 = DP2
bDY4 = DY2
14 = 1
13 =0
BK2 = BK1
PPP = PSI
SDP = 0.0
SDV = 0.0
SspY = 0.0
SADY = 0.0
SSDK{1) = 0.0
§SDK(2) = 0.0
CALL PYINIT(BK2)
DO 460 K = 1, NOI
CALL XCALC .
CALL YVCALC
CONTINUE
PSE = PPP
DP2 = SDP
Dy2 = DP2
DY2 = 55DY
I2 = 1 :
IF {ABS(DP2 - DP1).LE.
IF (ABS(DY2 .- DY1).LE. TOL
IF (ABS(DY2 - DY4) .LE. TOL
1TOL} GO TO 500
IF {NOS .GE. 30) GO TO 490
NOS = NDS + 1
GO TO 350
BK1 = BK2
DP1 = DP2
DY1 = DY2
I1 = 1
BK4 = BK3
bP4 = DP3
DY4 = DY3
14 = 1
13 =0
GO TD 450
BK1 = BK3
DP1 = DP3
DYt = DY3
I1 = 1
13 =10
GO TO 450

.OR.

.LE.

TOL .OR. ABS(BK2-BK1) .LE. TOL) GO T0 7000
ABS(BK2-BK1)

TOL) GO TO 7000

.OR. ABS(BKZ2 - BK1) .LE.

;
Lo
y.

490 WRITE (3,820) BK1, BK2, BK3, BK4, DP1, DP2, DP3, DP4,



C

C

c

[

. C

C

500

510

520

530

540

550

560

570
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1DY1, DY2, DY3, DY4

WRITE (3,B30) BKA4, DP4, DY4, NOS

CALL PYINIT(BK4, BKS5, BKB, BK7, BK8, BKS) .
WRITE (3,840) ({CORRL{I,J),I=1,NCOMP),d=1,NCOMP) "
WRITE 13,850!

1, NCOMP
.0

=

0

{(d

Ji = 0.0 L1
J) = 0.0

NU

74
w
o
—-
HoBon
ODD
OOD

spv = 0. 0 .
KPRINT = 1- - ~

DO 5B0 ¥ = 1, NOI
CALL XCALC ,
WRITE (3,860} Vv, (X(1},1=1,NCOMP), {XX(K,I),1=1,
INCOMP | )
IF ( YY{K, 1} .LE. 0.0} GD TO 500
DO 520 i = 1, NCOMP
WRITE (3,870) 1, PHIVII), I, Y(I)

DO 530 1 = 1, NCOMP _
WRITE (3,880} 1, PHIK(I), I, Pi(l)

WRITE (3,540) T, P, K, PP{K), DP, EP
FORMAT(3X,' 7=’ ,F10.4,3X,'P=' ,F10.4, 3X "PPLT,13," )=
1F10.4,3X'DX=' ,F10.4,20X," EX=",F10. %)

CALL YVCalLC

WRITE (3,890) {(x{1),1=1,3), (¥(I),I=1,3),
1{EDY(1),1=1,3), DP, EDP

WRITE (3,900} DY(1), DY(2], DY{3)

CO S50 J = 1, NCOMP

WRITE (3,910) COMPA(dJ), COMPB(JIl, COMPC(J), COMPD{J),
1PG, J, X(d). J, GAMMBI(J!}

WRITE (3,920) (EXG1{1},1=1,NCOMP}

WRITE (3,930} EXGT

DD 560 J = 1, NCOMP

WRITE (3,940} COMPL{J), COMPB(J), COMPC(J), COMPDIJ),
1P, J, YX(J), J, GAMMA(J) )

WRITE (3,920} [EXG(I),1=1,NCOMP)

DD 570 J = 1, NCOMP ' .

DX{d} = X{Jd} - XX(K,J)

WRITE (3,950} COMPA(J), COMPB{J), COMPC{J), COMPD{d],
1Jd, X(J), K, J, XX(K,d), J, DX{J}

WRITE (3,960) COMPA{J}, COMPB{J}, COMPCIJ), COMPD(J],
i, X(Jt, Jd, Y{J}, K, J, YY(K,Jd], J, DY(J), J,
2PPVOL(J), J, PHI{J), J, PHIV({J}, SUMY, ITER

WRITE (3,970} V¥V, vvLt, DV

H



"o

- 221 -

580 CONTINUE

WRITE (3,980} DPAV, EDPAV., (DYAV(d),Jd=1,3),
1{EDYAVIJ},U=1,3]

SADY = SADY / NOI / NCOMWP

SSDYA = SADY = NOI

WRITE (3,990) BK4, SDP, SADY, SSDYA

DO 590 ¢ =.1, NCOMP
ESSDK(dJ) = SADK(J) = 100.0

590 CONTINUE ,

ESSDK{J) = SQRT (SUM OF (DK/K}**x2 1 =100./NO OF COMPONENT

WRITE (3,1000) (ESSDK(d),J=1,NCOMF)
P51 = PPP -
GO TO 230

00 RETURN . -

610 FORMAT (215])

§20 FORMAT (1HO, 4D20.8)

630 FORMAT {20A4}°

640 FORMAT (1H1, 20A4)

650 FORMAT (315, F10.4)

§60 FORMAT (1HO, ' LNPUT DATA:' //)

670 FORMAT (1HO, 6X, 'PCII’, BX, "yCll', BX, "TCII', BX,
"W, 11X, 'WAI1', BX, 'WBIl', 4X, ' COMPONENT' , 3X,

. 2' AMDLWT* //) ’

§80 FORMAT (4F8.4, FB.5, FS.6, 484)

6§90 FORMAT {tH , BF12.6, 3X, 4A4)

_ 700 FDRMAT (2F10.4, 512) : :

710 FORMAT (1MO, ‘T=', F10.4, 3X, 'DEG. OF k', 3%, 'P=".
1F10.4, 3%, ' ATM)

720 FORMAT (215, 2F10.4)

730 FORMAT (8F10.0)
740 FORMAT (18 , I3, 1F12.5, ' P IN ATM ', BF12.5)
750 FORMAT (BF10.4)
760 FORMAT {1HO, ‘TR(1)=', F6.4, ' TRI2)=', FB.4, 5X,
1" TR(3)=" ,"F6.4, 5%, 'TR(4)=", £6.4) .
770 FORMAT (4D20.8)
780 FORMAT (6F13.8) )
790 FORMAT (1HO, 'sS(°, 12, ")=", F10.5, *WALL(', 12, "}=".

1F10.7, 'WwBII{', 12, "}=', F10.7)
800 FORMAT (1HO, 9F12.8)
§10 FORMAT (1HO, 3x, ' IJKk=', 15, 3k, K1
1"CINI=', F10.4, 3X, 'CFIN='", F10.4// -
820 FORMAT (1HO, ‘K12 DID NOT CONVERGE, THE FOLLOWING RESULT 15 NOT 0
1PTIMUM * /8(2X,E13.7}/4(2%,E13.7))
830 FORMAT (1HO, ' THE VALUE OF K12 15, F10.B, ' THE CORRESPONDIN
1GD.P. 1S ', E14.8/' AND THE CORRESPONDING D.Y. IS ',
2E14.8, ' NO. OF ITERATIONS = °, 14)
840 FORMAT (1HO, S(3X,F10.5)}
850 FORMAT (1HO, ‘RESULT:')
B60 FORMAT {1HO, 3X, 'vv=', F14.4, 3%, ‘x=', 5F10.6, //,
118X, * Xxx= ', 5F10.6)
870 FDRMA; (1Hﬁ 3%, 'PHIV(', 12, ')=", F10.4, X, v,
112, "1=",
880 FORMAT (1H
112, '1=',
890 FORMAT |
1’ Xl3%=

?='. 15, 3X,

vy

3)3.} PPHIKLY, 12, ¢ )=’ F10.4, 83X, ‘P1U,

U x{1)=', F10.8,
Cy{1)=r, F
CEDY(1)=
E12

1

-n
—— —a=
o o

L

r x{2)s', F10.8,

0.8, ' Y(2)=', F10.8,

12.6, '% EDY(2}=",
p=‘, E12.6, ' EDP=",

F
) 1
11=', E12
%D

mmme
-0 T
w o o
o
O 1 —

ey
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4E12.8, "%') :
800 FORMAT (1H . * DY{1)=', E12,8, * DY(2}=', E12.5,
1 DYi{3)=', E12.6)
910 FORMAT (10X, 4A4, 3X, 'P=', F10.4, 3X, *Xx{*, 12, "}=',
1F10.4, 3X, "GAMMB(', 12, ‘)=%, F10.4)
920 FORMAT (10X, ‘LN @ EXG(1)=", 3F10.4)
930 FORMAT (110X, "EXGT=', F10.4)
940 FORMAT (10X, 4A4, 3X, 'Px'  F10.4, 3%, '¥X(*, 12,
1=, F10.4, 3X, 'GAMMA(', 12, 'I=', F10.4) '
950 FORMAT (1HO, 3x, 44, 3X, *X{', 12, ')=', F10.6, 3X,
13X, "XX(', 14, I2, '1=', F10.8, 3X, 'DX{', 12, ')=",
2E12.4) - ’ '
960 FORMAT (1HD, 3x, 444, 3X, "x(', 12, '}=', F10.6, 3X,
PY(e, 12, *)=*, F10.8, 3X, ‘YY(', 14, 12, ')=', F10.8,
23X, ‘DY(', 12, *)="y E12.4/21%, "PPVOL{’, 12, '})=',
3F10.4, 3x, ‘PHI(*, 12, ')=', F10.4, 3X, 'PHIV{', I2,
. 4'1=', F10.4, 3X, 'SUMY=', F10.4, 3X, ‘ITER=', 14}
870 FORMAT (15X, “Vv=', F10.4, 3X, 'VVL1=', F10.4, 3X,
1"Dv=", E12.4)
980 FORMAT (1HO, * DPAV=', E12.8, ‘EDPAV=", E12.8,
1'% DYAV(1]=', E12.68, ' DYAV(2)=', E12.6,
2' DYAV(3)=', E12.6/' EDYAV(1)=', E12.5,
3% EYDAV(2)=', E12.6, '%¥ EDYAV(3)=', E12.6, '%')
990 FORMAT {(tHO, 3Xx, * K12= “, E14.8, 3X, ' SDP= ', E14.8,
13X, ' DYAV= ', E14.8, 3X, '"SUM OF DY=', E14.8) ’
1000 FORMAT (5x, * % .0F KI IN RMS = *, F10.4, 10X,
1* % OF K2 IN R S.= ', F10.4, 5F10.4//}
END

1Y

‘-****Iﬁ*i.“‘i-*t**"“‘l‘.‘||(*l"'l(lkli‘t*‘**“i*‘l‘ll***l.ll"‘***‘****"

SUBROUTINE PYINIT(BK, BK1, BKZ2, BK3, BK10D, BKi{}

o O 2 o O
PREDICT P-X-Y CURVE
MODIFIED REDLICH-KWONG EQUATION Dg-STATE 1S USED FOR MULTI-
COMPONENT SYSTEMS CALCULATION FROM THE PURE COMPONENT PROPERTIES
~ONE OF THE COMPONENTS 1S AT ITS HYPERCRITICAL STATE
t*ttttmttutttt#ms**ttmtttt**#mtnt*st*:tnu-wm-tm**t—w*tttttt-t::-m:
DIMENSION TITLE(20), PCII(5}, VCII{5}, TCII(5), W(5),
IWATI(5), WBII(5), CUMPA(S). CDMPB(SL COMPC(5)

2FREFER(5) PHI(5), PHIV(S), PHIJ{5}, PHIK(5!, Pi({5),
3PTVOL(5), PPVOL(5], VVV(5!, CORRL(5,5), X(5), Y(5]),
45SDKI(5), vC(5), TC{5), SADK(S}. EXG{5), EXGF(5),
5YX(5), VVLIS) DY{5), PVOLIS)}, GAMMB(5), GAMMA(5),
EAMDLWT(SD PC(S). XX(SO 5), YY(50,5), PP({SD), EXG1(5),
TCOMPD(5)

COMMON /FIRST/ TC, PC, VCII, W, AMOLWT, T, P, R,

INCOMP, NQNTUM /SECOND/ Z, A, MTYPE /THIRD/ PCII, TCII,
2WALl, WBIl, PSI, PP, XX, YY, IJK, KIJ, NOI, ITER K,
3CORRL, EXGT, PPVOL, PHI, PHIV, VV. VVL1. DV. P1, PPP,
4Y /FOURTH/ SDP, EP, DP,-SSDY, SDY, SDV, PHIK, GAMMA,
S5EXG, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXGI
6/FIFTH/ DPAV,» EDYAV, EDY, EDP, EDPAV, DYAV, SSDK,
75ADY, SADK



(9]

a0 00

SDP = 0.0
Sby = 0.0
SsDY = 0.0 ' ’
SADY = 0.0
DO 10 J = 1, NCOMP
10 SSDK{dJ) = 0.0
PF = REFERENCE PRESSURE OF 1000 LB OR 1000./14.697 ATMOSPHERE
SINCE ONE ATMOSPHERE = 14.697 LB
. PF = 1000 / 14.697
PPP = PSI
P51 = PSI / 14.697
DD 20 I = 1, NCDMP
20 CORRLI(I, I} = 0.0
CORRL{1,2} = BK )
CORRL{2,1} = CORRL(7T,2] .
CORRL(2,3) = BK1 ’
CORRL(3,2} = CORRL{(2,3)
CORRL(1,3) = BK2
CORRL(3,1} = CORRL(1,3)
CORRL({1,4) = BK3.,
CORRL{4,1) = BK3
CORRL(2,4) = BK10
CORRL(4,2} = CORRL{2,4}
CORRL(3.4) = BK1
CORRL(4,3) = CORRL{3,4)
SET UP THE NECESSARY INFORMATION FOR THE SUPPORT SUBROUTINE
RETURN
END

*'**‘.‘****‘**‘***“*‘*‘***-‘W******.K*l’-****“*.*"‘*l*‘l*t**‘**‘****“

SUBROUTINE XCALC

O K ok e R R K N K i ok e i N K M o i ok o o o 0 KK o ol a2 ok B o e O R 0K

DIMENSION TITLE(20};
.. WBII(5),

1WAII{5)
2FREFER(5),
3PTVOLIS),
455DK (5],
SYX(S), vV

BAMOLWTI(51,

7COMPDI(5)

DIMENSION EDYAV(S]),

DIMENSION

COMMON /FIRST/ TC,

PHE(
PPVOL
vCI(5),
L5},
PC{5)

5
{

PO0(5)

PCII(S), VCII(S}, TCII(5),
COMPA(S), COMPB{(5), COMPC(5),
), PHIV{5), PHIJI5), PHIK(5), P
5] VVvi{5), CORRL(5,5), X(B), ¥
1Ci5), SADK(5), EXG(5), EXGF(5)
DY(5), PVOL{S}, GAMMBIS}, GAMMA{
' XX(SO.S). YY(50,5), PP(50), E
DYAV(S), EDY(5),:SDK(5)
PC, VCII, W, AMOLWT, T, P, R,

INCOMP, NQNTUM /SECOND/ Z, A, MTYPE /THIRD/ PCII,

i
(
5
X

Wis),

{
5

5), -

),

I,
G1(5},

TCl1,
2WAII, wB11l, PSI, PP, XX, YY, 1JK, KIJ, NOI, IT ER K, :
3CORRL, EXGT, PPVOL, PHI, PHIV, Vv, vVvLi1, DV, P1Y, PPP
4Y /FOURTH/ SDP, EP, DP, SSDY, SDY, SDV, PHIK, GAMMA.
SEXG, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXGI

6/FIFTH/ DPAV, EDYAV, EDY, EDP, EDPAV DYAV SSDK

7SADY,
1PP
ITER

0

"n ot

SADK /SIXTH/ PN /SEVEN/ P00, KPRINT.
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10 TC{1) = TCII(I)

RT = R =T
P = PF
USE TO-CALCULATE THE MDLAL VOLUMN VL, FUGACITY COEFFICIENT PHI,
PARTIAL MOLAL VOLUMN PPVOL AND FUGACITY FREFER OF LIQUID PHASE
FOR PURE COMPODNENT AT REFERENCE PRESSURE
20 DO 40 I = 1, NCOMP

DO 30 J = 1, NCOWMP
30 X(d) = 0, 0

X(1) = 1.0 '
an% Sup T(VL, PHI, PPYOL, WAIl, WBII, CORRL, X, 1,
1K1J
IF (PHI(1) .GE. 10000.) WRITE (3,420)
IF [PHI{1} .GE. 10000.) GO 70 40
FREFER(I) = PHI(1} = P
40 CONTINUE
LA RS R LRSS Y LR
USE TO CALCULATE VAPORMOLE FRACTIONS Y(1) FOR MIXTURE ASSUMING
CORRESPONDING FUGACITY COEFFICIENTS PHIV(I) ARE 1. ( INITIAL
GUESSI
= 0.
DO 50 1 = 1, NCOMP
50 P = PDO(1} = XX(K,I) + P

= PRIK) / 14, 697

LLL = 1

X(1) = XX{K,1) = 0.995

GO TO 70
B0 X{1) = XX{(K,1) = 1.005
= LLL + 1
LLL .EQ. 3} GO TD 400
NCOMP EQ. 3) GO TO 80
“(NCOMP E?.}4J GO TO 90
= 1 - X{1

70

80
90

100

DO 110 I = J, NCOMP
IF (TC{J) .GT. TC{I1)} GO TO 120
110 CONTINUE

GD 710 130
120 CONTINUE

J = NCOmp
130 DO 140 I1-= 1, NCOMP
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. *
oy
140 Y(I1) = .0001 / NCOMP1
C .
Y(1) = 0,9999 - -
CALL SUPTIVL, PHI,“PPVOL, WAII, WBII, CORRL, X, 1, | .
1KIJ | - '
IF (PHI{1} .GE. 10000.) GO TQ_320 - =
SUMY1 = 1, y L
150 CALL SUPTIVV, PHIV, PvoL, %AII, WBII. CORRL, 'Y, 0. - |
1K1d S
IF_(PHI(1} .GE. 10000,) GO TO 330
C  SET UP THE LOOP TO FIND Y(I], SUCH THAT SUMY IS EQUAL TO SUMYT
C_ .THE SUMY OBTAINED IN IMMEDIATE PRECEDING CALCULATION, I. E. TEST
160 C?L% SUPT(VL, PHI. PPVOL, WAII, WBII, CORRL, X, 1,
1K1 o o o
IF (PHI(1) .GE. 10000.) GD T0 340 -
C . FOR STABILITY'BY CHANGING Y(1] AND TEST FOR SUMY = 1.0 ‘
170 SURY = 0.0
c
DO 180 J = 1, NCOMP
Yid) = PHI(J) = X(J) / PHIVIY]
180 SUNY = SUMY + Y{J)
c . |
IF (KPRINT .EQ. 0) GO TO 190
C  WRITEI3, 900} P,Y(11,Y{2),SUMY, (PHI(J),u=1.2), (PHIVIY),0=1,2)
190 CONTINUE
IF (ABS(SUMY! - SUMY) - 1.0E-4) 230, 230. 200 pd
C  FIND A NEW VALUE OF YI1) AND SUMY USING'Y{I) IF SUMY1 IS DIFFERENT

C ~ FROM SUMY
200 If (ITER - 100) 210 360, 360
€ 15 IF (ITER - 50) 18, 21, 21
210 ITER = ITER + 1 :
c }

00 220 1 = 1, NCOMP
220 Y(I) = Y(1) / SUMY
c :
SUMY1 = SUMY
CAL% SUPT(VV, PHIV, PVOL, WAII, WBIl, CDRRL, Y, 0,
1K1
[F [PHIt1) .GE. 10000.) GO TG 350
GO TO 170 : .
9 Y{I) IS STABLE. NOW WE HAVE TO TEST FOR SUMY = 1. BY CHANGING P
c CHANGE X

230 CONTINUE :
IF (IPP .NE. 0) GO TO 250

SUMYDO = SUMY
IPP = IPP + 1
X0 = X(1} : .
X(1) = X0 = 0.995
ITER = ITER + 3
c o . o
DO 240 I = 1, NCOMP' ®
240 Y(1) = Y(I) /»sumv
c
G0 10 150

**ltl********#****ti’llﬁ*t******‘*t*!

c
250 IF (ABS{(X0 - X(1)¥/X{1)) .LE. .0000001)
1G0 70 360
SUMY1 = SUMYOO
IF (ABS(SUMY - SUMY1) .LE. 1,0E-5) GO TO 360
AN = X(1) = (X0 - X(1)) / (SUMY - SUMY1) = (1, - sumy)
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IF (XN ,LT. 0.0 .OR. XN .GT. 1.0) GO .70 60 ‘

260 IF (ABS((XN - X({1))/XN) .LE. .0000001) GO TO 360
X0 = X{1} : : . .
X(1) = XN
1F (NCOMP .EQ. 3} GO TO 270
IF (NCOMP .EQ. 4} GO TO 280
X(2) = 1. = X{1} . .
GO TO 290 :

270 X{2) = XX{K,2) v .

TOX(3) = 1, - X(1) -.X(2)

GO 1O 290

280 X(2) = XX(K,2)
X(3) = XX(K,3) .
X(4) = 1, = X{1)-~~ X(2) - X(3)

290 SUMYDO =.SUMY -~
ITER =" ITER + 1

c
DO 3001 = 1, NCOMP

300 Y{I1) = Y{I) / SUMY

c L

G0 70 150

310 IF (KPRINT .EQ. 0) GO T0O 380
WRITE (3, 440) PHI{1}, PHI(2). PHIV(1), PHIVI2), P1(1),
1P1{2), SUMP P ' '
GO TD 3480

320 WRITE (3,450}
GO TO 380

330 WRITE (3,460)
GO TO 380

- 340 WRITE (3,470)

GO TO 380

- 50 WRITE (3,480)
G0 10 380
. 360 SUMP =.0.0

c =.
DO 370 I = 1, NCOMP
P1{I} = PHI(I) * X{I) » P-/ PHIV(IJ
370 SUMP = SUMP + P1(I]

c
IF {ABS{P - SUMP) .GT. .1) GD TO 310
IF {ABS(SUMY - 1.0) .GT. 1,0E-4) GD TO 310
c GATHER STATISTICS AND PRINT OUT RESULTS
380 P = P x 14,697 ,
C . DP=Dx
\ DO 390 KKK = 1, NCOMP
P = X(KKK) = XX{K,KKK)
EDP = {DP/XX{K,KKK}) = 100.
C  'SDP = SDP + ABS(DP) :

SDP = ((SDP«(K - 1)=SDP + ABS(EDP)**Z)/K) “ .5
DPAV = (DPAV«(K - 1) + ABS(DP}) / K
EDPAV = (EDPAV=(K - 1) + ABS(EDP)) / K

x EP = (DP/XX({K,KKK}] = 100,

390 CONTINUE

IF {LLL .EQ. 1) GO TO 410
400 WRITE (3,490) LLL
410 RETURN ‘
420 FORMAT (1H , 'FREFER') ‘s
430 FORMAT (1H , BF14.7] g
440 FORMAT (1H , * THIS METHOD.DID NOT PRODUCE ANSWER' /1HO,,

18



1BE13.7
450 FORMAT
460 FORMAT
470 FORMAT
480 FORMAT
480 ﬁDRMAT
1
END
C
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) .
. "2l =NEGATIVE
. "IV =NEGATIVE
. "ZL1=NEGATIVE
. ' ZIVI=NEGATIVE

+ 12, ' COMPONENT

VALUE’
VALUE’
VALUE'
VALUE'
1 LESS THAN ZERO DR GREATER THAN 1

]
)
}
)

C t*tl*##*‘**tl*lm#***#l‘:****ll&*t*##l***!i*i'lﬁ#lﬂ#!!**t**lt**‘-****l*tt

SUBROUTINE YVCALC

C

c ****llﬁtl*l*#*l*#*lﬁ‘t-Ill**tttlﬁt**#**#*****iﬁlﬁ#H‘***t***#t*##'*‘t**‘i*

DIMENSION TITLE(20), PCII(5), VCII(5), TCII{5), w(5),
IWAITI5}, WBII(5), COMPA{5) , COMPB(5}, COMPC(S5], '
2FREFER(S}, PHIIS), PHIV(S), PHIJ(5], PHIK(G}, P1(5),
3PTVOL(5), PPVOL(S}, VVV(5), CORRL{5,5), X{5}, YI(5},
4SSDK(5), VCIS), TC(5), SADK(5), EXG(S). EXGF(5),
SYX(5), YyL({5), DY(5), PvVOLIS), GAMMB(5), GAMMALS),
GAMOLWT(5), PCI(5), %X(50,5), YY(50,5), PP{50), EXG1(5),
7COMPD(5), SDK(5), RK(5), RKK(50,5)

DIMENSION EDYAV(5}, DYAV(5), EDY{5)

. COMMON /FIRST/ TC, PC, VCIl, W, AMOLWT, 7, P, R,
INCOMP, NQNTUM /SECOND/ Z, A. MTYPE /THIRD/ PC1L, TCII,
JWAIL, wBII, PSI, PP, XX, YY, IJK, KlJ, NOI, ITER. K,
3CORRL., EXGT, PPVOL, PHI, PHIV, vV, VVLI, DY, P1, PRP,
4Y /FOURTH/ SDP, EP, DP, SSDY, SDY, SDV, PHI GAMNA
5EXG, X. SUMY, GAMMB, PG, RT, PF, FREFER, YX . EXGT
6/FIFTH/ DPAV, EDYAV, EDY, EDP, EDPAV, DYAV¢ S5DK,
7SADY, SADK :

P =P/ 14,897

PP(K} = PP{K) / 14.687

10 CONTINUE

C GATHER ANOTHER STATISTICS
20 CONTINUE
c .

DO 40 J = 1, NCOMP

sDY = 0.0 >

SDK(dJ) = 0.0

Q%(d).= Yidl - YY(K,J)

SDY = SDY + ABS(DWJ})

IF (YY{K,d} .LE. 0.0) EDY{dJ} = 0.0

IF (YY{K,J} .LE. 0.0) GO TO 30

EDY(dJ) = (DY(JI/YY(K,d}) * 100,

REK[J) = Y{J} / XiJ]

RKK{K, U} = YY(K,Jd) / XX[K,J}

SDK(J) = SDK{dJ) + (RK{J)/RKK(K,J] - 1.0) »= 2

SSDK(J} = SSDKLJ) + SDK{J)

30 CONTINUE "y

EDYAV(J) = (EDYAV(J)*(K - 1) + ABS(EDY{(J])} / K

DYAV(J) = (DYAV(J)*(K - 1) + ABS{DY(J})) / K

SADK{J) = (5SDK(dJ)*=0.5) / K

40 SADY = SADY + SDY

c

SSDY = ([2=(K - 1)*SSDY)**2 + SADK({1)ww2 + SADK(2)=w2]
' ios» 0.5/ (2%K)
C SSDY = SADK (1)

psl = P

PP{K} = PPIK) = 14 697

GO 71O 100



OO0 O

50

WRITE (3,110)
GO TO 100 .

BO WRITE (3,120}

70
80

90 WRITE

100
110
120
130
140
150

GO TO 100
WRITE (3,130}
"GO TD 100
WRITE {3
GO TO 100
(3

RETURN : - e
FORMAT NEGATIVE"

{1H , )
FORMAT {1H , "ZV = NEGATIVE')
FORMAT (1H , "ZL1= NEGATIVE')
E1H '
1 '

LI ]

FORMAT LZV1= NEGATIVE' )

FORMAT * ZVF=NEGATIVE' )

END _
Jlll‘*‘*H**l#**lﬂ'****#***‘.#!*‘*#***'*'****'*******‘*l**‘*_“*ll**!tlﬁt
SUBROUTINE CUBEQN ‘e

SOLVES ‘CUBIC EQUATION OF REDLICH-KWONG EQUATION
FOR COMPRESSIBILITY FACTORS
t**‘.‘******‘**"***‘*******"*'**‘*“*'*H*'*l#m*l**ﬂﬂ#"****‘*lktﬁ
IMPLICIT REAL*8(A - H,D - Z)

DIMENSION A(4), Z(3), B(3)

. COMMON /SECOND/ Z, A MTYPE
10

" 20

30

40

50

650
70
80
50

CUNTINUE

B10OV3 =
B(2)
BL3)
ALF = B
ALFOV3
BET = 2,
BETOVZ

nn
1 — o> I>
o A ——

.0
B10V3 =+ 3 - B(2) = B10OV3 + B(3)
.0

CUADV3 ALFOV3 == 3
SQBOV2 BETOV2 == 2

DEL = SQBOV2 + CUADV3

IF (DEL) 100, 20, 50
MTYPE =.0.0 .

GAM = DSQRT(-ALFQOV3)

BET) 40, 40, 30 N
-2.0 = GAM - B1DV3
GAM - B10V3
2(2)
140

mistn

mun

RO MNMNMNG NN
nown
1
o -
=
—_—=
t
w
(]
Ll
w

DSQRT(DEL)
~BETOV2

TAU + EPS

TAU - EPS

1.0

SIS 1.0

IF (RCU) g0, 70, 70
SIR = -1.0

IF {scu) 80, 80, 90
SIS = -1.0

R = SIR * (SIR*RCU) =*= 0. 33333333

oMo
u
-
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100

14¢

» ¥

 *x

L
X
10 CONTINYE
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S = SIS = [SIS*SCU) =« 0,.33333333

Zi1) = R+ S - Biov3

Z(2) = -(R + 8) / 2.0 - Biov3

Z(3) = 0.86602540 = (R - §) .
GO TO 140

MTYPE = -1

QUOT = SQBOVZ2 / CUAOV3

ROOT = DSQRT(-QUAOT)

IF {BET) 120, 110, 110

PEI = {1.5707963 + DATAN(ROOT/DSQRT(1.0 - ROOT=+2))) /

1 3.0

GD TO 130 : ,

PEl = DATAN(DSQRT(1.0 ~ ROOT==2}/R0O0T) / 3.0

FACT = 2.0 = SSORT{—ALFDVS)

Z{1} = FACT = DCOSIPE1)} - B10V3 ,

PEI2 = PE]l + 20943851 -

Z{2) = FACT * DCHAS{PEI2) - B1Ov3 . .
P%i? = PEI + 4,/1887902 ) . ‘ '
2(3) = FAC ‘DCOS(PEI4) - B1OV3

RETuamr“‘féL"&{ _

END

l#*3**"*!*#!#**tl*l!*tt‘*m*t*‘ﬁtt&t***t*‘-**ﬂtttttt**tttli*!"*!*ﬂ:l

SUBROUTINE SUPT(VL, PHI, PVOL, CIRKL, C2RKL, CORRL, X,
1Ly, KIJl

ll"l"K‘**W“‘*****'*.*R*l#’t*ttttl&t‘**t-*‘**t**t‘*t*‘*****tK*lll**lk
EVALUTION OF SUPPORTING PROPERTIES, THE FUGACITY AND THE
PARTIAL MOLAL VOLUME OF FLUID MIXTURES.
SHINN-DER CHANG, DEPT.OF CHEM.ENG., UNIV. DOF DTTAWA.

DOUBLE PRECISION A, Z

DIMENSFON TC{5), PC(5), vCOI(5), W(5), AMOLWT(SJ.

TARKL(5,5), BRKL{S5}, WIJ(5,5), TCUIU(S 51, %ggS.S).

{ {
2614), Z€3) CIRKL{5), C2RKLI5), PVOL(5), PHI
3CORRLI(5,5}, X(51, A21(5), BI{5}, AIRKL(S)
DIMENSION 27(3)
DIMENSION TCI(SP. VC1(5), PC1(5), TC11(5,5],
1VC1105,5), WAII{S}, WBII(SI. PC 115) TC I{5)

DIMENSION POO(5}

COMMON /FIRST/ TC, PC, VCO, W, AMOLWT, T, P,
INQNTUM /SECOND/ Z, A, MTYPE /THIRD/ PC!I TCI
2WBI1 /SEVEN/ POQO, KPRINT

Lv=0, FOR VAPOR PHASE.

LV=1, FOR LIQUID PHASE.

KId=1, TCIJ=SQRT(TCI=TCU)=«(1.-KIJ).
KlJd=2, ALJ=SQRT(AI=AJ)=*{1.-KIJ)
KIJ=3, ALJ={AI*KIJ+{1.-KIJ}=au)/2.

RT = R»*= T

WAD 0.42748

WBO 0.08664 Y

ton

=*2.5) / PC(1)
" BRKLI(1 b

20 DO 130 1 = NCOMP

IF (I .EQ. NCOMP) GD TO 130

It =1+ 1



*TCTJ)} »x 0.5 = (1.0 - CORRLY1,J})"

J
WiJ)) = 0.5
0.08 = W1J{I,u)

)#x{1./3,) + VCO(J)*={1./3,)) =» 3 / 8.0
R *» TCIUlI,d} / vcolv

KLIL} + CIRKL(U)} % 0.5 = R == 2 x
PCIy

—— .
oy n
o -y

haewc- - o

O ON—D

} GO TD 70
(ARKL{1,1)*ARKL{J,J)} »* 0.5 = (1.p -

) GO TO 80 ‘
RKLCI, 1)*CORRL(I,J) + (1. - CORRLI(I,J) )=

bl ]

GO 10

/WAD=WBO/WBII(I1)) == (2./3.] =
{wno: ** (2./3») » (WBO/WBII{11}) =

1=TC1{y)) *= 0.5

)
= 2.5/ {01./3.)=

= (1./8.) % (VCI{1)=x({1./3.) + VC1{J)w=(1,/
13.)) = 0

GO TO 1
120 ARKLFtJ,1
130 CONTINUE

AMRKL
BMRKL

DO 140
A2I(T)
BI(I)
BI(I)
BMRK [
AIRKL{I) =

DO 140 U 1, NCOMP
AIRKL(1) AIRKL(I) + X{J) = ARKL(I,u)
140 AMRKL = AMRKL + X{I) = X{d) = ARKL(I,u)

A2 = AMRKL / RT = 2 / T x» 0.5 ‘

n

ARKL{I,J)

nn
oo
o0

no—

RT »2 2 / T xx 0.5

nun
o
=3
X=X
COXMCrx—

« BRKL(1)

moan

B = BMRKL / RT
Ali) = 1,0 :
A(2) =B =P /2. - 1,0M - 5COTT
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t
Y

A{3) = A2 « P - 3.0 =B = P / 2. - [B*P) #= 2 / 2. M -
15COTT
A(4) = -(B*B + A2«B) = P = P / 2. M - ‘SCOTT

C IF | KPRINT .EQ. 1) WRITE(3, 593) A2,B,A(1),A(2], A(3) Al4)
CaLL CUBEQN

c LF (KPRINT .EQ. 1) WRITE(3, 591) MTYPE,Z(1),2(2},2(3)
IF (MTYPE) 150, 1BO, 180D

150 IF {LV .EQ. 0) GO TO 170

C ZL=AMIN1(Z (1),2021,213))
ZL = DMIN1{Z{(1},212),2(3)) DOUBLEP
GD TO 190

C 301 IF (KPRINT .EQ. 1} WRITE(3. 333) ZL,P,CORRLLt,2)
160 CONTINUE
PHI(1) = 20000,
GO TO 250
+70 CONTINUE
C ZL=AMAX11Z{1),212),Z13)} .
ZL = DMAX1(Z(1},212 ) Z{3))
. GO TO 190 ° -
180 ZL = Z{1) ’
180 H =8B =P / ZL
C WRITE (3,591) H,ZL,B,Z{1),2{2),2{3),LV
» C 591 FORMAT(5X,6E12.4,12)
c CaAlLL EQNRK{A2.B,P,H,ZL,LV]
C RK ONLY =
VL=RT =B /H
IF (ZL .LE. 0.0 .OR. VL .LE. 0.0) GO 70 160
200 CONTINUE
IF (LV .EQ. O} GD TO 210

c
210 DD 240 1 £ 1, NCOMP
YSCOTT = B = RT / 4.0 / VLM - SCOTY
C IF (KPRINT .EQ.1} WRITE(3,334) ZL, H ,YSCOTT
PHILN = BI(1) / B = (4.0=YSCOTT/(1. - 2.0=YSCOTT)) -
12.0 = ALOG(1. - 2.0=YSCOTM - SCOTT
90 T) - (A2 / Bl=(2.0 = AIRKL{I} / AMRKL - BI(I) / B}=
TALOG(1.0 + H} M - SCOTT )
>C "
230 -A2+BI{I}/B*RT/{VL+B*RT} -ALDG(ZL)
1M-5COTT
PHI(I}) = EXP(PHILN)
1F (Lv EQ. O} GO TO 240
QE1 = 0.0
240 CONTINUE
c
- 250 RETURN :

260 FORMAT (1H , 'A(1)=', BF
270 FORMAT {iH , *Z", 1B, BF
2B0 FORMAT (1HO, 'ZL=', &F10.
290 FORMAT (1H , * ZL=', F13
1F15.9)
END

* H=', F14,8, ' Y3COTt='
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PROGRAM £-2
Computer Program Used to Predict VLE Properties for Mylticomponent

Systems by Using the ICL Equation of State
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O M K K S R O MG O
PROGRAM E-2

COMPUTER PROGRAM USED TD PREDICT.VLE PROPERTIES FOE
MULTICOMPONENT SYSTEM BY USING THE ICL EQ UATION OF STATE

.!#t*ttl#t****‘*lﬁtt**#IRl*it*t***t*t**l‘*'iﬁl’**‘*t*‘*l&t***‘ﬂt‘***‘*

THIS PROGRAM 1S A COLLECTIVE VERSION OF THE PREVIOS ONES
MODIFIED BY C.-T, FU '

DEPARTMENT OF CHEMICAL ENGINEERING "
GRADUATE SCHOOL

STUDENT NUMBER 039129

MAY 24, 1979

:llu*l**lti*‘**!I**_&**‘*nﬂl*tt"#***t*i*t*lkit*‘*t*‘*t“*l*lﬂlkﬂl*‘*

1

SUBROUTINES PYINIT, PCALC, YVCALC. SUPT. CUBEQN AND EQNRK ARE
REQUIRED

\I*ﬂ.ﬂl*tit**l*t****'*#lt‘****ttt*t!*!l**t‘*****ﬁttt**‘**t*"**

DIMENSION TITLE(20}, PCII{5), VCII(5), TCII(5), W(5),
1WATT(5), WBI1¢5), COMPA(S}, COMPB(S), COMPCI(5).

2FREFER(S}, PHI(5), PHIV(S), PHIJ(5), PHIK(5), P1(5},
3PTVOL{5), PPVOL(5}, VVV(5), CORRL(5,5}, X[5), Y(5),
4DX15), VCI5), TC(5), CKI5), EXG{5), EXGF(5), YX(5),
SYVL(5), DY(5}, PVOL(5), GAMMB(5}, GAMMA(5), AMOLWT (5],
- 6PCI5}, Xx{60,5}, YY(80,5), PP(60), EXG1{(5), COMPD{5), .
7SSDK{3), ESSDK{5], SADK[5)
DIMENSION A0(20), A1(20), A2(20), A3(20), B(20},
1TR{5), 5(5) '
DIMENSION EDYAVIS), DYAV(S), EDY(5)
DIMENSION PDO(5)
COMMON /FIRST/ TC, PC, VCIl, W, AMOLWT, T, P, R,
« INCOMP, NQNTUM /SECOND/ Z, A, MTYPE /THIRD/ PCII, TCII,
2WAll, WBIl, PSI, PP, XX, YY, IUK, Klu, NOI, ITER, K,

3CORRL, EXGT, PPVDL, PHI, PHIV, VV, VVL1, bv, P1, PPP,
4Y /FOURTH/ SDP, EP, DP, SSDY, SDY, SDV, PHIK, GAMMA,
SEXG, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXG1
B/FIFTH/ DPAV, EDYAV, EDY, EDP, EDPAV, DYAV, S5DK,
7SADY, SADK /SIXTH/ PN /SEVEN/ P00, KPRINT

NONHZ = 10

FOR NDN-HYDRDGEN SYSTEM SET NONH2:=100

FOR HYDROGEN SYSTEM SET NONH2 =10

READ (1,420) M a
M4 = 2 = (M + 1) + 2 = (M# 2)

M1 =M + 2

DO 101 =1, M4
. READ (1,580} A0(1}), A1
10 WRITE (3.430}_A0{1), Al
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20 READ (1,440,END=410) (TITLE(I},I=1,20)
WRITE (3,450} (TITLE(I),1=1,20}
READ {1,460) NCOMP, NQNTUM, YK, R
IF NQNTU IS 1 XX 15 K VALVE, XX = YY/XX
NQNTUM = 2 , XX AND YY ARE GIVEN IN K1 AND K2, RESPECTIVELY
IF {NCOMP .LE. 0} GO TO 20
. NCOMP MUST BE GREATER THAN ZERD
NCOMP: NO. OF COMPONENTS IN THE MIXTURE
R: GAS CONSTANT
1JK: CONTROL VARIABLE
WRITE HEADINGS

n

WRITE (3,470)
WRITE (3,480)
DO 30 1 = 1, NCOMP
READ ({1,490) PCII{]), VCII(I), TCII(I), Wil), WAIl{1),
WBI1(T, CDMPA(IJ COMPB(1), COMPC#I). COMPD(1)
30 WRITE (3,500} PCII(I), vCII{l], TCIt{1), W(I],
IWATI(I), WBII(1), COMPAII), COMPB{1), COMPCI]}.
2COMPD (1) -
i T
0. ... DEGREE K
1 - DEGR]
2 DEGREE" c :
READ (1, 51q111 PSI,
IF (17 T = (T -32.) » 5. /9. + 273,15
IF (1T .EQ.-.2) T = T + 273.15
40 WR[TEs (3¥520) T, PS} :
LK P
0 : PS1A .
1 ATM . :
2 MPA
3 MMHG

READ {1,530) IuJK, KIJ, CINI, CFIN
PP IS EKPERIMENTAL VALUE DF PRESSURE

NCOMP1 = NCOMP - 1

NOI = 1 :
50 READ (1,540) PP(NOI}, (XX(NOI.JJ.J=1,NCOMPIJ.

T{YY(NQI, Jb,J=1,NCOMP1)
105 FORMAT(F14.8,F10.9,F14.13) :

IF [NQNTUM .EQ. 1) XX{NOI,1) = YY{NOI.1} / XXINODI,1)

IF [NQNTUM .EQ. 2) GO 710 SO
60 CONTINUE -
76.0 = 14,697

IF [IJK .EQ. 4) PP(NOI} = PP{NDI) /
IF (IJK .EQ. 3) PP(NOI) = PP{NOI} / 760.0 = 14,697
IF (IJK EQ. 2) PPINDI) = PP(NDI) = 1000. / 6.895
IF (IJK ,EQ. 1) PPINDI) = PP(NDI) = 1{4.897
5X = 0.0
SY = 0.0 ‘.
IF (PP{NO1)) 100, 70, 70 -
70 DO 80 J = 1, NCOMP1
SY = 5Y + YY([NOI,u)
B0 SX = SX + XX(NOI,u)
XX(NOI ,NCOMP} = 1.0 - SX
'YY(NOI,NCOMP} = 1,0 - SY

PP{NDI) = PP(NOI) / 14.697

WRITE (3,550} NOI, PP{NOI), (XX{NO1,d),J=1,NCOMP),
1(YY(NDI dJ J=1,NCOMP)

+

L 29
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PP(NDI} = PP{NOI) * 14.697
NOI = NOI + 1
G0 10 50
90 CONTINUE - ,
TEMP = (1. - YY(N01,1:) / (?X[NOI.l) - YY(NOI, 1)}
NOI, 1

YY{NOI, 1) = TEMP = xx
AXINOI,1) = TEMP
G0 TO 60 :
100 NOL = NOI - 1
BK4 = 0.0 :

110 READ (1,560} BK4, BK5, BKG, BK7, BKB, BKS

DD 120 1 = 1, NCOMP
120 TR(IT = T / Tellil)

WRITE t3,570) (TR(I},I=1,NCOMP)
130 READ (1,580) Wi1), w(2), WI3), W(4)

c

C

C IVPE = 0 VAPOR PRESSURE 15 THE ANTOINE EQ.

c IVPE = 1 VAPOR PRESSURE 15 GODODWIN'S EQ.

C 1VPE = 2 FOR GOODWIN V.P.EQ. ( CH4)

c IVPE=3 FOR V.P. IN ATM. AT THE SPECIFIED TEMP.

DO 180 1 = 1, NCOMP :
READ (1,480} 1VPE
IVPE = IVPE + 1
GO TO (140, 150, 160, 170}, IVPE
140 READ (1,540} AAP, BBP, CCP
WRITE [(3,550) I, AAP, BBP, CCP
POO(I) = AAP - BBP / (CCP + T - 273.15)
I = 10, == pOO(I) / 760.
IF (TE(J) -GT. 1.0) POO(I} = 10. == {ALDG1O(PCII{I))»

WRITE (3,550) IVPE, POOI(I)
. GO TO 180
150 READ (1,540) AAP, BBP, CCP, DDP
XP = (1, - 83.14/T) / (1. - 63.14/TCL1L1{1})
POO{1) = AAP » XP + BBP % XP = XP + CCP » XP =+ 3
Fx = 0. '
FX = ~(1. - XP) =* 2 = ALDG(1. - XP)
+ DDP = FX
{1)) = ,1233
POO(I) = 10, == [ALOGIO(PCII(1))=TR(
WRITE (3,550)-1, A
E

AP, BBP, CCP, DDP
WRITE (3,550} IVPE, POO{(1)
G0 T0 180 :

160- READ (1,540) AAP, BBP, CCP, DDP
XP = (1. - 90.68/T) / (1. - 90.68/TCII(1)}
XXP = ABS({1. - XP) ‘
IF {XP .GE. 1.) DDP = 0.0. :
POO(I) = AAP = XP + BBP = XP = XP + CCP = XP =% 3 +
1DDP * XP % XXP =+ 1,5
POO(1) = EXP{POO(I}) = .1159
If (XP .GT. 1.0} POO{I)} = 10. ** (ALOGIO(PCII{I))=TRI(

11)}

"WRITE (3,550} I, AAP, BBP, CCP, DDP .
NRI{E (3,550} IVPE, POO(I) :

GO 10 180 :

170 READ (1,540} POO(I}
WRITE (3,550} IVPE, POO(I)
- 1B0 CONTINUE
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" READ (1,590} BW, WA10, WA11, WA12, WA13

READ (1,590) BW, WA20, WA21, WARZ, WA23

WRITE (3 430} NA1D WA11 WA12, NA13 WB10, WBi1,
1WB12, WB13

WRITE 13,430) WA20, WA21, WA22, WA23, WB20, WB21,
1WB22, WB23

DO 180 I = 1, NOI
1F [%XX{NOI,1) .LT. .0 .OR. XX(NDI,1) .GT..1.0]
1G0 TO 20 .
190 'CONTINUE .
DO 200 I = 1, NCOMP " ‘
SII} = 10, *= [{1. - SQRT{TR{I}))={.028 + .BG65«W(I) -
1.2%01. - TREIF)IM)

WAII{I) = .42748 = S{I) == 2.5
WB1II1) = .0BBB4 = S(I) .
WRITE (3,800) I, S(I), 1, WAII(I}, I, WBLI(I) .
200 CONTINUE
DO 250 JUJ = 1, NCOMP
1IF {TR{JJJ) .LT. .85) GO TD 220
I1 =1
IFF = M1
DO 210 IN = 11, IFF
1 = IN - I1 + 1 : _ . ,
Bi1) = ADUIN) + At(IN} * WlJud) + A2{IN) * W(dJdJ) = W(
1dud] + A3LIND = W(JdJdd) = WiJdJdd] = WidJJad)
JN = M+ 2 + N .
J=M+2+1
210 B{dJ} = AQ(JUN) + AT{JN] WiJddd) + AZLUN) = Widud) = W
1Jdd) + A3{UN) = WiJJdJd) = WlJJdJ) = WlJdJJ}
IF (TR{JJU} .GE. 1.0) WAII(JUdd) = B(1)
IF (TR{JJJY .GE. 1.0) WBII{JJJ} = B(5}
IF {TR{JJJ) .GE. 1.0} GO TO 250
WAIL(dud) = B{1) + B(2) = (1. - TR{JuUd}) + B(3) = (1,
1= TR{UJU)) == (1./3.)0 + Bt4) = (1. - TR{JUUI} == (2./
23.} —_— '
WBIl(JJd} = B(5) + B(B) = {1, - TRIJJJ)) + B(T) = (1,
1- ER(dddi) wx (1./3.) + B(B) = {1, - TR{JJJ) ) == (2./
23.
G0 TO 250 .
220 I1 = 2 » (M + 2) + 1
IEF = 2 = (M + 2} + (M + 19
WALI{Jdd) = 0,0
WBII{ddy) = 0.0
DO 230 IN = I1, IFF
I = IN - 11 + 1
B{I) = AO(IN) + ATLIN) = WiJJd) + A2(IN) = W(dJdJd} = W{
1JdJJ)
JN = M+ 1 + IN .
J = M+
230 B(j} AD(dN) + AT(JN) = W{dJJdJ} + AzldN) » w{ddd) = Wi
Sty
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DO 240 1 = 1, M2
Jd =1 -1
J=M+ 1+ 1
WAIL(JJd} = WALI{YJdu} + BUL) = TR{JJJ) == JJ
240 WB1I({uJd) = WBII(JJdJ] + BLJ) = TRIJJU) *=> dJ
250 CONTINUE
WBII{1) = 0.034 - 025 =« w({1) + 0.1 / TR{1) - 0.025 /
1TR(1) =+ 2M - SRKiP
WBI1{2) = 0.034 - 0.025 = wW(2} + 0.1 / TRI2) - 0.025 /
1 TR{2} =+ 2M * SRK1P . .
WALI(1) = WA1ID + WA11 / TRUT) + WA12 £ TRU1Y) == 2N -
1SRK 1P
WALI(2) = WA20 '+ WA21 / TR(2) + WA22 / TR{2} == 2M -

DO 260 1 = 1, NCOMP _

WALT(1) = ({1.12961961 ~ .7846527=W(1)) + (-.13989729
1+ 1.0449394+=W{1)1/TR{1} + (.012089291 - .24B21323*W(1)
2)/TR(I}=%2} »= 2 = 467123

WB1I1(1) = ,108762 -

WAII(I) = {.35190808 - W(1)%.79946286) + (.18385964 +
IW(11%.92295131) / TR(I}-+ {-.066361596 ~ W(l]=.
219401653} / TR(1) =» 2 :
"WAI1l1) = (.35190808 - W(1)».851173821 + {.183B5964 ~

T

IW(I}=1,0010328) / FR(I) + (-.066361596 - W(ll=.
222265942) / TR} == 2
WBII(I) = .034 - ,025 = W(l) + 1 / TR{I) - .025 / TRI(

11) »= 2
260 CONTINUE

IF {NONH2 .EQ. 100) GO TO 270 .
H?11(1; - 0.503476 - 0.00876 / TR(1) - 0.028115 / TRI
11 %
WB1I(1) = 0.100278 - 0.02339889 / TR(1) + 0.032129 /
1TR{ 1), *=* 2 ) ‘
270 WRITE {3,610} {WAII{1),I=1,NCOMP, {WB1I(1},1=1,NCOMR)
1., (8(1),1=1,/NCOMP} )
280 CONTINUE
200 KIlJ = KiJ + 2
1F (KIJ .GE. 3) GD 71O 20
300 WRITE (3,620) IJK, Klyg, CINI, CFIN.
CALL PYINIT{BK4, BKS, BKG, BK7, BKB, BKS)
WRITE (3,630) ((CORRL(I.J),1=1.NCDMP).d=1.NCDMP)
WRITE {3,640}

J = 1, NCOMP

310 CONTI
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C
DO 390 K = t, NOI
CALL XCALC
WRITE (3,650} vv, (X(1},1=1,NCOMP), (XXIK,1),1=1,
1NCOMP )
c IE L YY(K, 1} .LE. 0.0) GO TO 500
"DO 3201 = 1, NCOMP
320 WRITE (3,860) I, PHIV(1), I, Y(I)
C
DO 330 I = 1, NCOMP
330 WRITE {3,870) I;'PHIK(IJ i, P1(1])
. "WRITE (3,340) T, P, K, PP(K}, DP, EP
, . 340 FORMAT(3X,'T=' F10. 4,3, ‘P=' F10.4, 3X.'PR{' 13, )=,
' 1F10.4,3X DX=",F10.4, 20X, Ex=' ,F10.4. /% )
CALL YVCALC
WRITE (3.6801 (X(1),1=1,4), EY(I).L=1,4J,
T(EDY{1),I=1,4), DP, EpP ,
WRITE (3 690) DY(1), DY(2), DY(3)}, DY(4)
c
DD 350 J = 1, NCOMP .

350 WRITE (3,700) COMPA(J}, COMPB(J), COMPC(J)}, COMPD(J),
PG, J, X(J), J, GAMMB(J) N

¢
WRITE (3,710) (EXG1(I},1=1,NCOMP)
WRITE (3.720) EXGT

€
DO 360 J = 1, NCOMP

360 WRITE (3,730) COMPA(J), COMPB(J), COMPC(J}, COMPDI(Y),

1P, J, YX(J}, U, GAMMA(J)
WRITE (3,710} {EXG(I),1=1,NCOMP)
C .
DO 380 J = 1, NCOMP
IF (X(J) .LE. 0.000001) CK{J) = 1000000.0
IF {X(Jd) .LE. 0.000001} GO TO 370
CK{J) = Y(g) / %td)

370 DX(J) = X(Jd} - XX(K,J)

WRITE (3,740} COMPA{J), COMPBI{J], COMPC{u), COMPD{J},
T, RX{d), K, XXEK, A, g, DX(J) . J, CKEd)

380 WRITE (3,750) COMPA{J], COMPB(J). COMBC(J}, COMPD(J),
W, X0d), J, Y{d), K, J, YY(K,J), J, DYid), J,
2PPVOLILY, J, PHI(Y), d, PHIVIJ), SUMY, ITER

c
WRITE (3,760} Vv, vvL1, DV

390 CONT INUE

WRITE (3,770) DPAV, EDPAV, {DYav{u),u=1,4),
1(EDYAV(J) J=1,4)
SADY = SADY / NOI / NCOMP
SSDYA = SADY = NOI
WRITE (3,780) BK4, SDP, SADY, SSDYA

C - .
DO 400 J = 1, NCOMP
ESSDK(J) = SADK{J) = 100.0

400 CONTINUE :

¢ ESSDK(J) = SQRY (sum OF (DK/K)**2 ) =100./ND OF COMPONENT
WRITE ;3,790) {ESSDK(J)},J=1,NCOMP)
PSI = PPP

GO TO 290
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410 RETURN

420 FORMAT (2I5)

430 FORMAT (1HO, 4Dp20.8}

440 FORMAT (20A4) g

450 -FORMAT (1H1, 20A4)

460 FORMAT (315. F10.4) ‘

© 470 FORMAT (1HO, ' INPUT DATA:'//) .

480 FORMAT (1HO, 6X, ‘PCII', 8X, ‘VCII', BX, 'TCIl', 8X,
W, 11X, CWALL', BX, "WBII', 4X, ' COMPONENT', 3X,
2’ AMOLWT' / /) .

490 FORMAT (4FB.4, F8.5, F9.6, 4A4)

500 FORMAT (tH , 6F12.6, 3X, 4a4)

. 510 FORMAT (2F10.4, 512) :

520 FORMAT (tHO, 'T=', F10.4, 3%, 'DEG.-OF K’', 3X, 'Pz’',
1F10.4, 3X, ' ATM") -

530 FORMAT (215, 2F10.4)

540 FORMAT (8F10,0) . )

S50 FORMAT (1H , 13, 1F12.5, ' P IN ATM ', B8F12.5)

560 FORMAT (BF10.4) . :

570 FORMAT (1HO, 'TR *, F6.4, ' TR(2)=', Fb6.4, 5%,
1"TR{3)=", F6.4, "TR{4}=', FB.4)

580 FORMAT (4D20.8)

590 FORMAT (BF13.8)

600 FORMAT (1HD, 'S¢’ ,
1F10.7, "WBII{', 12,

610 FORMAT {1HQ, 9F12.8

620 FORMAT (1HO, 3x, ' 1JK=’

' 1"CINI=', F10. 4, 3X, 'CF

6530 FORMAT (1HD, 8(3X,F10.5

-B40 FORMAT (1HO, 'RESULT")

F ?.5. "WALI{', 12, ")=',

B50 FORMAT (1HO, 3X, ‘vv=', F14.4, 3%, ‘X=', GF10.6, //,

119X, © XXz ', 5F10.86)

660 FORMAT (1H , 3X.) *PHIV(’, 12, *)=z', F10.4, 3X, "Y{',
112, *)=", F10.4)

870 FORMAT (1H , 3X, *PHIK(',~12, *)=', F10.4, 3X, ‘P1(‘,
112, 'J=", F10.4)

680 FORMAT (1H , ' X[1)=', F10.8, ' XI(2)=", F10.8,

1 X(3k=', F10.8, * X{4)=', F10.B, /7, ' ¥Y(1)=',
2F10.8, ' Y(2)=', F10.8, ' Y{(3)=', Fi0.B, ' Y(4)=',

» -3F10.8, /' EDY(1)=', E12.8, '% EDY (2)=",

«.. 4E12.6, '% EDY(3)=', E12.6, ‘% EDY(4)=', E12.8,

' 5% DP=', E12.6, ' EDP=', £12.5, '%')

630 FORMAT (tH , * DY{1l=*, E12.6, * DY{(2)=', E12.6,
1" DY{3)=", E12.8, ' DY{4)=', E12.6)

700 FORMAT (10X, 4A4, 3X, ‘Pp=', Fi.4, 3X, *x{', 12, ')=",

. 1E10.4, 3X. ' GAMMB(', 12, *)=', F10.4)

710 FORMAT {10X, 'LN @ EXGlI)=", 3F10.4)

720 FORMAT (110X, 'EXGT=', F10.4)

730 FORMAT (10X, 4a4, 3x, *P=', F10.4, 3X, ‘YXt', 12,
1=, F10.4, 3X, 'GAMMA(’, 12, ‘)=', F10.4)

740 FORMAT (1HO, 3X, 4a4, 3%, ‘X{', 2, ')=", Fi0.6, 3x,
13X, "XX(", 14,12, *}=", F10.8, 3X, *DX(*, 12, ")=',
2E12.4, 3X, *CK(', 12, *)=', FB.4)

750 FORMAT {1HO, 3X, 4&4 3%, ‘x{', 12, ')=', F10.6, 3X,
1Y, 12, "=, Fi 3X, 'YY(', 14, 12, ")=', F10.8B,
23x%, 'ov{*, 12, ’) E12.4/21x. ‘PPVOL(*, 12, '"}=',
3F10.4, 3X, 'PHI(', 12, '}=', F10.4, 3X, TPHIV(Y, 12,
4'-)=', F10.4, 3X, ‘sumv=', F10.4, 3X, "1TER=', 14)

760 FORMAT (15X, ‘Vvv=', F10.4, 3%, 'VVLi=', F10.4, 3X,

1'Dv=", E12.4)

i
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770 FORMAT (1HO, ' DPAV=', E12.6, 'EDPAV=', E12.6, i A
1, "DYAV(1)=', E12.6, ' DYAVI2)=', E12.8,
2’ DYAV{3)=',6 E12.6/° DYAV(4)=', E12.6, /,
3 EDYAV(1}=', E12.6, '% EYDAV(2)=', E12.B,
4% EDYAV(3)=', E12.6, ‘%', ' EYDAV(4)=', E12.B8, '%’
780 FORMAT {1HO, 3X, ’ K12= ', E14.8, 3X, ' SDP= ', E14.8, i
13%, ' DYAV= ', E14.8, 3X, 'SUM OF DY=', E14.8)
790 FORMAT (2X, ' % OF K1 IN RMS = ', F10.4, 5X, ° %,UF K2 IN RMS = *
1, F10.4, /, 2X, ' % OF K3 IN RMS = *, F10.4, 5X,
2' % OF K4 IN RMS = ' ,.

.

END

*tt#lﬂl't*t**t*lﬁnm*t***i-**wtt‘**tt***tt*****‘##‘*tl#*!tlmttlt**ta*
~

SUBROUTINE. PYINIT{BK, BK1, BKZ, BK3, BK10, BK11)

****'*‘**‘*-***‘*‘*‘*****‘**‘#***-‘*“*****‘***‘*.*‘*.‘***-"'**"*‘*'
PREDICT P-X-Y CURVE
MODIFIED REDLICH-KWONG EQUATION OF STATE 1S USED FOR MULTI- ,
COMPONENT SYSTEMS CALCULATION FROM THE PURE COMPONENT PROPERTIES
ONE OF THE COMPONENTS IS AT ITS.HYPERCRITICAL STATE
- ***‘*‘**‘**t**-'-*ﬁt‘t***‘\*l’*ll‘*****‘*ﬂ*t*******ﬂ*ﬁl****_‘*‘***‘*'
DIMENSION TITLE(20), PCII{5), VCII(5), TCIL(5), W(5},
IWALI(5), WBII1(5), COMPA(5}, COMPB(5), COMPC(5).
2FREFER(5), PHI(5), PHIV{S)}, PHI1U(5}, PHIK(5). P1{
3PTVOL(5), PPVOL(S}, Vvv(5), CORRLIG.5), X(5}. Y(5
4SSDK (5}, VC(5), TC(5), SADK(5), EXG(5), EXGF(5),
5YX{5), VWL(5], DY(5), PVOL(5), GAMMB(5}, GAMMA(S
BAMOLWT{S}, PC(5}, XX(60,5), YY(80,5), PP(60), EX
7COMPD(5) . ‘
COMMON /FIRST/ TC, PC, VCII, W, AMOLWT. T, P, R, :
"INCOMP, NONTUM /SECOND/ 2, A, MTYPE /TRIRD/ PCII- TCII,
2WALl, WBI1, PS1, PP, XX, YY, IJK, KIJ, NOI. ITER, K,
3CORRL, EXGT, PPVOL, PHI, PHIV, VV, VVL1, pV. P1, PPP,
4Y /FOURTH/ SDP, EP, DP,:SSDY, SDY, SDV, PHIK, GAMMA.
SEXG, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXGi
8/FIFTH/ DPAV, EDYAV, EDY, EDP, EDPAV, DYAV, SSDK,
7SADY, SADK : -
SDP = 0.0
SDV = 0.0 °
SSDY = 0.0 .-
SADY = 0.0
| ‘-
DO 10 ¢ = 1, NCOMP
10 SSDK(J) = 0.0 . -
PF = REFERENCE PRESSURE OF 1000 LB DR 1000./14.697 ATMOSPHERE
SINCE ONE ATMOSPHERE = 14.697 LB - :
PF = 1000 / 14.697 - .-
PPP = PSI ,
PSI = PSI / 14.697

DO 20 I = 1, NCOMP
20 CORRL{I, 1} 0.0

- CORRL({1,2) BK
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CORRL{%.;; = CORRL(1,2). : ,
CORRL(2,3) "= BK1
CORRL{3,2) = CORRL{2,3) ' . ~i-”//
CORRL(1,3) = BK2 .
CORRL{3,1) = CORRL(1,3)
CORRLI(1,4) = BK3 -
CORRL(4,1) = _BK3 v
CORRL(2.4) =, BK10
CORRL(4.2) = CORRL(2,4)
CORRL(3.4) = BK11
CORRL (4.3) = CORRL(3,4f™>
SET UP THE NECESSARY INFURMATIDN FOR THE SUPPORT SUBROUTINE
RETURN
END : .
& .

***4*****‘*t****l*t’l_*'*‘****‘*i*#*t‘**t**tt*l**‘**!*‘tt.‘*‘lﬁltt**lﬁt*

SUBROUTINE XCALC
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DIMENSIDON TITLE{20), PCII(5}, VCIl{(5), TCI1(5}, W(5!},
IWAIL(S), WBII1(5}), COMPA(S), COMPB{5), COMPC(5],

2FREFER(5}, PHI(5), PHIV(5), PHIJ(5), PHIK{5), P1(5),
3PTVOL(5); PPVOL(5), VVV{5}, CORRL{5,5], X(8). Y{5), -
4SSDK{5) . VCi5), TCI5), SADK(5), EXGI5), EXGF(5),

{5), VVL{5), DY(5), PVOL(S), GAMMB{(S]}, GAMM {5,
BAMOLWT(5), PC(5), XX(80,5), YY(60,5), PPI60O},.EXGi(5),
7COMPDI(5)

DIMENSION EDYAV(S5}, DYAV{5), EDY{5}, SDK(5)

DIMENSION POOD(S] .

COMMON /FIRST/ TC, PC, VCII, W, AMOLWT, T, P, R,

INCOMP. NQNTUM /SECOND/ Z, A, MTYPE /THIRD/ PC1l, TCII,
_ DOwall, WBI1, PSI, PP, XX, ¥YY, 1JK, KIJ, NOI, ITER, K.

gﬁﬂgtlFDURTH/ SDP, EP, DP, S5DY, 5DY, SOV, PHIK, GAMMA,
5
6/

3CORRL, EXGT, PPVOL, PHI, PHIV, V¥V, VvVL1, DV, Pi, PPP

G, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXG1 -
IFTH/ DPAV, EDYAV, EDY, EDP, EDPAV, DYAV, SSDK,
7SADY, SADK /SIXTH/ PN /SEVEN/ P00, KPRINT
IPP = D . -
ITER = O B

wonoo—
< on
(el
-
o

- RT =R T

20

30

P = PF

USE .TD CALCULATE THE MOLAL VOLUMN VL, FUGACITY COEFFICIENT-PHI,
PARTIAL MOLAL VOLUMN PPVOL AND FUGACITY FREFER OF LIQUID PHASE
FOR PURE COMPONENT AT REFERENCE PRESSURE

PO 40°1 = 1, NCOMP

DO 30 J = 1, NCOMP

x{dJ} = 0.0

X(1) = 1.0 ‘
C?L% su T{VL, PH1, PPVOL, WAII, WBI!, CORRL, X, 1,
1KIJ .

IF {PHI{1) .GE. 10000.) WRITE (3,420)
IF (PHI(1} .GE. 10000.) GO TO 40



w
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 FREFER{1) = PHI(I} =P
40 CONT.INUE f

l!*’l'***t‘l*‘*##l"*'****#‘**
USE TO" CALCULATE VXEDRMDLE FRACTIONS Y(I) FOR MIXTURE ASSUMING
CORRESPONDING FUGACI::;T%;FFICIENTS PHIV(1) ARE 1. | INITIAL

3

DO 50 1 = 1, NCOMP { '
= POO(I) * XX(K,I} + P \\&H .
= PP(K) / 14.697 )
L= 1

LL,

(11 = XX(K,1} =~ 0.995
0 TQ 70

{1l

LL

GUESS)
P = 0.

w-replthiy

50

L]

P
p
L
X
G .
X = XX{K,1) = 1,005
SLEL + 1

LL .EQ. 3) GO 7D 400

COMP .EQ. 3) GO TO 80 :
COMP .EQ. 4) GD TO 90 YN

B0

70
= 1 - X(1)
XA(K,3)

(=] ZZrn

I
1
l
b
6
BO X
X
G
90 X
X

X

100 NC
DO 120 J = 1, NCOMP1
DO 110 I = J, NCOMP

IF (TC(J) .GT. TC(1}) GO TO 120
110 CONTINUE .

’

P c . \-
—GD TO 130 o
120 CONYINUE Lo
c .
J = NCOMP

C
130 DO 140 II = 1, NCOMP

6140 Y(11) = .0001 / NCOMP1

C
c

Y{1) = 0.9999 , '
CAL% SUPT(VL, PHI, PPVOL, WAIl, WBII, CORRL, X, 1,
1KId) - . ‘
IF (PH1(1) .GE. 10000.} GO TO 320
SUMYT = 1. .
150 CAL% SUPT{VV, PHIV, PVOL, WAIl, WBII, CORRL, Y, 0,
1K1J . :
IF (PHI(1) .GE. 10000.) GO TO 330
SET UP THE LOOP TO FIND Y(I), SUCH THAT SUMY IS EQUAL TO SUMY

"THE SUMY DBTAINED IN IMMEDIATE PRECEDING CALCULATION, I. E. TEST

160 CALL SUPT{vL, PHI, PPVOL, WAIl, WBII, CORRL, X, 1,

c

K1)
IF (PHI(i) .GE. 10000.) GO TO 340

FOR STABILITY BY CHANGING Y(I} AND TEST FOR SUMY

i.0
170 SUMY-= 0.0

ar
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C .
DO 180 J = 1, NCOMP
Y{dl = PHI{J) = X{dJd) / PHIV(J)
180 SUMY = SUMY + Y(J) ’
c
IF {KPRINT .EQ. 0) GO TO 190 ‘
C WRITE(3, 300) PLOYCT),Y12), 5UNY, (PHlld] J=1,2)  (PHIV(J),d=1,2)

190 CONTINUE
IF [ABS(SUMY1 - SUMY) - 1.0E-4) 230, 230, 200 '

C FIND 4 NEW VALUE OF Y(1) AND SUMY USING Y(1} IF SUMY1T IS DIFFERENT
C FROM SUMY :

200 IF [I1TER - 100) 210, 360, 360
C 15 IF (ITER - 50) 18, 21, 21 )
210 ITER = ITER + 1 '
C .

DO 220 1 = 1, NCOMP
220 Y{Iy = v{1) / SumY

SUMY1 = SUMY -
CALL SUPT(VV, PHIV, PVOL, WAIl, WBil, CORRL, Y, 0,
AKId) -
IF (PHI{1) .GE. 10000.) GO TO 350
G0 TO 170 . : . o
C Y(I) IS STABLE. NOW WE HAVE TO TEST FOR SUMY = 1. BY CHANGING .P
€ CHANGE X
- 230 CONTINUE :
IF {IPP ,NE. 0) GO TD 250
SUMYOOD = SUMY
IPP = IPP + f
0= Xx(1}
X61) = X0 % 0.995 : . o
ITER = ITER + 1, T S .
. C - . . :
DO 240 1 = 1, NCOMP -
240 Yi1) = YA1) / SUMY

GO TO 150
e o NG i M T K ok s s o oK M i R o O ok
250 IF (ABS{(XD - X(1))/X(1)) .LE. .0000001}
1G0 TO 360 -
SUMY1 = SUMYOO v
LF (ABS({SUMY-- SUMY1) .LE. 1.0E-5) GO TO 360
- AN = X(1) - (X0 - X01)) / (SUMY - SUMY1} = (1, - SUMY)
. IF (AN .LT. 0.0 .OR. XN .GT. 1.0) GO TO 6O -
260 IF (ABS((XN - X{1})/XN) .LE. .00080001) GO TO 360

Ay

X0 = X(1)
- X(1) = XN . -
IR (NCOMP .EQ. 3) GO T0 270
IF (NCOMP .EQ. 4) GO 70 280
X(2) = 1. - X(1) \
GO 70 290
270 X(3) = XX{K,3)
X(2) = 1. - X(1) - X(3)
GO TD 290
280 X(4) = XX(K,4)
X(3) = XX(K,3) '
A2) = 1. - X{1) - X(4) - x(3)
290 SUMYOO = SUMY
ITER = ITER + 1
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) \
& .
DO 300 1 = 1, NCOMP
300 Y(I} = Y(I) / SUMY
) ¢
GO TO 150
310 IF (KPRINT .EQ. 0) GO TO 380
WRITE (3,440) PHI(1), PRI(2], PHIVi1), PHIV(2), P1(1},
1P1(2], SUMP, P . P
GD T0'380
320 WRITE (3,450)
GD TO 380
330 WRITE (3,460)
GO TO 380 . .
340 WRITE (3,470) , ‘
GD TO 380
350 WRITE (3,480)
’ GO TO 380
360 SUMP = 0.0 e
C .
B0 370.1. = 1. NCOMP .
P1(1) = PRI(I) = X(1) * P / PHIV(L) .
370 SUMP = SUMP + P1{1)
c N
IF {ABS(P - SUMP} .GT. .1) GO TO 310
IF (ABS{SUMY - 1.0) .GT. 1.0E-4) GO TO 310 .
; ¢ GATHER STATISTICS AND PRINT OUT RESULTS
380 P = P » 14.697 :
¢ ‘oP=DX .
DO 390 KKK = 1, NCOMP
Dp = x(KKK) - XX{K, KKK )
EDP = (DP/XX(K,KKK}] * 100.
C SDP = SDP + 'ABS{DP)
SDP = ({SOPwLR - 1)%SDP + ABS(EDPI*+2)/K) =x .5
DPAV = {DPAT=(K - 1} + ABS(DP)) / K
EDPAV = (EDPAV*(K - 1) + ABSIEDP)) / K
EP = (DP/XX{K,KKK)) = 100,
390 CONTINUE
c
IF (LLL .EQ. 1} 6o ToWa10 ,
——A00~WRITE (3.490) LLL
410 RETURN
420 FORMAT (1H , ' FREFER' )
430 FORWAT (1H , BFi4.7)
449 FGRQA;)(iH » * THIS METHOD DID NOT PRODUCE ANSWER'/1HO, .
18E13. '
450 FORMAT (1H , 'ZL =NEGATIVE VALUE')
jzso FORMAT (iH . 'ZV =NEGATIVE VALUE')
70 FORMAT (1H . *ZL1=NEGATIVE VALUE' ) -
480 FORMAT (1H . 'ZV1=NEGATIVE VALUE')
490_§DRNAT (5X, 12, 'COMPONENT 1 LESS THAN ZERO OR GREATER THAN 1’
1 . . - . ..
END -
¢
C **‘***‘**“*‘*“*****************H‘*'*******.******‘**'**‘*‘***.‘***‘
 'SUBROUTINE YVCALC
Cc .
C ‘*‘*‘*****‘.t**.""*ﬁ******‘**'Rﬂ‘H*‘*‘ﬁ“**.l****#l**ﬂ.********‘**‘*

DIMENSION TITLE{20}, PCIL{5), VCIL{S), TCII(5), W(5},
1WAII(5), WBII{5), COMPA(5}), COMPB(5), COMPC(5),
2FREFER(5), PHI{H), PHIV(S), PHIJ{5), PHIK(S5), P
3PTVOL{5), PPVOL(B), ¥VV(5), CORRL(5,5), X(5}, Y

/.
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4SSDK(5), vc(5), TC{5}, SADK(5), EXG(5), EXGF(5]),
SYX{S), VVL(5], DY(5}, PvOL (5), GAMMB (5), GAMMA(5),
BAMOLWT(S), PC(5), XX(60,5), YY({60,5}, PPIBO), EXG1(5),
TCOMPD(5), SDK(5) . RK{5), RKK(50,5)

DIMENSION EDYAV(5), DYAV(5), EDY(5)

COMMON /FIRST/ TC, PC, VCII, W, AMOLWT, T, P, R,
INCOMP, NONTUM /SECOND/ Z, A, MTYPE /THIRD/ PCII, TCII,
2WAIl, WBII, PS], PP, XX, YY, IJK, Kiu, NOI, ITER, K,
3CORRL, EXGT, PPVOL, PHE, PHIV, vv, wyL1, DV, P1, PPP,
4Y /FOURTH/ sDP, Ep, DP, SSDY, sDy, spv, PHIK, GAMMA,
S5EXG, X, SUMY, GAMMB, PG, RT, PF, FREFER, YX, DY, EXG1
6/FIFTH/ DPAvV, EDYAV, EDY, EDP, EDPAV, DYAV, SSDK,
7SADY, SADK

P =P/ 14.697 /
PP(K) = PP{K) / 14,697
CONT INUE :
GATHER ANDTHER STATISTICS .
CONTINUE -
DO 40 J = 1, NCOMP :
SOY = 0,0 ¢ ‘ '
SDK(J) = 0.0 :
DY(J) = Y{J) - YY(K,u) 4 ,,f”y
SDY = SDY + ABS(DY(J)) - ‘
IF (YY(K,J) .LE. 0.0) EDY(y) = 0.0 2/
IF {YY(K,J) .LE. 0.0) SDK(y) = 0.0
IF (YY(K,J) [LE. 0.0} 60 TO 30
EDY(J) = (DY(J)/YY(K,J]] = 100, .,
RKIJ) = Y(J) / X(J]
RKK (K, ub = YYUK,J] / Xx(K,u)
SDUI) = SDK(U) + (RKIU)/RKK(K,J) - 1.0) == 2
CONT INUE
SSDK{u) = SSDK{J] + SOK(y)
EDYAVIU) = {EDYAVIU)x(K - 1) + ABS(EDY(y)}) / K ‘
DYAVIU) = (DYAV(JIa(K - 1) + ABS(DY(J}]) / Kk
CSADK{J] = (SSDK(J)==0.5) / K '
'SADY = SADY + SDY _ *Qiﬂf§r
SSDY = 10220K - 1)%5SDY =22 + SADK({)=s2 + SADK(2 e

1 == 0.5/ (2%K)

S5DY = SADK (1)

PS]1 = p ‘

PP{K) < PP(K) = 14,697 -

GO TO 100 : :

WRITE (3,110)

GO TO 100 . . ‘

WRITE (3,120} . .
GO TO=4100

WRITE (3,130)

GO TO 100 - .
WRITE (3,140} .
GO TD 100 '
WRITE (3,150)

RETURN o

FORMAT (tH , 7L = NEGATIVE’ )

FORMAT (1H , "2y = NEGATIVE' )

FORMAT (1M , "ZL1= NEGATIVE';

FORMAT (1H ¢’ ZV1= NEGATIVE’
FORMAT (1H v ¢ ZVF=NEGATIVE' )
END ' .



OO0 O

10

20

30

40

50

60
70
80

90

100

120
130

ttmtt*tnmmtt*tttttumumti-tmvntat*tﬂ*t*n-mﬁumt**ttamt**tts:tt:**t«mﬁat
SUBROUTINE CUBEQN
SOLVES CUBIC EQUATION OF REDLICH-KWONG EQUATION
FOR COMPRESSIBILITY FACTORS :
*ktlt*t*m*tt***lukt*tl&*t*tmtm#l&*tltullll‘ilk‘!ttl*ttts*#*ttt#lt***#m!!tt
IMPLICIT REAL*B(A - H,0 - 2Z)
DIMENSION A(4), Z2{3), BLl3)
COMMON JSECOND/ Z, A, MTYPE
CONT INUE
Bl1) = A(2) / Al
BiDV3 = )/
B({2) !
B{3)
ALF =

B
BET = 2.
BETOV2 = BET /
CUADV3 = ALFOV3 -t 3
SQBOV2 = BETOV2 == 2
DEL = SQBOV2 + CUAQOV3
1f (DEL] 100, 20, B0
MTIYPE = 0.0

GAM = DSQRT(-ALFOV3)

1F (BET) 40, 40, 30

Z(1) = -2.0 » GAM - B10V3
Z12) = GAM - B10V3

z{3) = 2(2)

GO 10 140

7011 = 2.0 * GAM - B1OV3

7(2) = -GAM - B1OV3  °

213) = Z(2}

G0 TO 140

MTYPE = |

EPS = DSQRT(DEL)

TAU = -BETOV2

RCU = TAU + EPS

SCU = TAU - EPS

SIR = 1.0

515 = 1.0

IF (RCU} 60, 70, 70

SIR = -1.0

IF | 80, 90, 80

515 =41.0

R = SIR * (SIRWRCU) *= 0.33333333
S = SIS = (SIS*SCU} == 0.33333333
Z{1) = R + 5 - BiOV3

Z(2) = -(R + S) /2.0 - B1OV3
7(3) = 0.866025%0 = (R - 5}
GO 10 140 |

MTYPE = -

QuUOT = soaovz / CUADV3

ROOT = DSQRT(-QUOT)

1F (BET) 120, 110, 110

pgxo= (1. 5707953 * DATAN{RODT/DSQRT{1.0 - RODT**2}}) /
1 3.

GO TD 130

PEl = DATAN(DSQRT(1.0 - ROOT==2}/R00T) / 3.0
FACT = 2.0 = DSQRT(-ALFOV3)

Z11) = FACT = DCOS(PEI} - B1OV3

PEI2 = PE} + 2.0943951



-

C
c

OO0 n

OO0

140 RETUR

*

10
20

.- 247 -

FACT « DCOS(PEI2) - B1OV3 . : .
PEI + 4,18B7902 R
FACT * DCOS(PEI4) - B10V3 '

Zi2)
PE14
Z{3)

Znmun

END

O RO oG o o o A o
SUBROUTINE SUPT(VL, PHI, PVOL, CIRKL, C2RKL, CORRL, X,
1LV, KIJ) o
TR ORI 0o oI O o oo oo o o

EVALUTION OF SUPPORTING PROPERTIES, THE FUGACITY AND THE

PARTIAL MOLAL VOLUME OF FLUID MIXTURES.

SHINN-DER CHANG, DEPT.OF CHEM.ENG., UNIV. OF OTTAWA.

DOUBLE PRECISION A, Z

DIMENSION TC(5}, PC(5}, VCO(5), W(5), AMDLWT(S), .
1ARKL(5,5), BRKL(5), WIJ{(5,5), TCOIJ(5,5), TCIJ(5.5},
24{4), Z(3], CIRKL(5), C2RKL{5}, PYOL{5), PHI[5]),
3CORRLI5,5), ?é?). A2I(5), BI(5), AIRKL(5)
1
I

5

DIMENSION ZZ

DIMENSION TC1(5), vC1(5), PC1(5), TC11(5
TWC11(5,5) - WALI(S), WBIIIG}, PCII{5}, TC

DIMENSION PQO(5)

COMMON /FIRST/ TC, PC, VCO. W, AMOLMWT, T
INONTUM /SECOND/ Z,- A, MTYPE /THIRD/ PCl]I
2WB11 /SEVEN/ POD, KPRINT :

LV=0, FOR VAPOR PHASE.

LV=1, FOR LIQUID PHASE.

KId=1, TCIJ=SQRT{TCI*TCJ}*(1.~KIJ)
KIJ=2, AIJ=SQRT{AI=AY)=*(1.-KIJ)
Kly=3, Ald=(AI*KI1d+(1.-KIJ}=Ad)/2.

RT = R » T

WAD 0.42748

WB0 = 0.08664

; ©

DO 10 I = 1, NCOMP

ARKL{liI] CIRKL{I) = R = R = TC(%)T*Q.S) / PC{1)
I} = I

CONTINUE

5,

11(5) -
. P, R, NCOMP,
. TCII. WAI1,

1
= {
BRKL{ C2RKL{I) = R = TC{1) / PC

DO 130 I = 1, NCOMP.
IF {1 .EQ. NCOMP) GO TO 130
1= 1+ 1

= 11, NCOMP
.GT. 1) GO TD 60 ,
= [TCLII*TC(Y)) »x 0.5 # (1.0 - CORRL(I,u))

T
CIy(I, g}
(lj + Wid)) » 0.5

< 0.08 « WIJiI,J)
Ihex(1./3.) + VCO{J)=e*{1./3.]) == 3 / 8.0
* R » TCIJ(I,v) / vcoly

KL(I} + CIRKL(J)}) * 0.5 = R == 2 » .
PC1Y :

GO TO 70
KLET TV =ARKL(J,J)} *= 0.5 % (1.0 -

jr o

ARKLI(I,
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<
TO 120 )
70 (KIJ .GT. 3) GO 70 BO
ARKL{1,J) = [ARKL(I,1)=CORRL{L,d) + (1. - CORRL(I,d}]=
TARKL(J,d) )
GO TO 120
C
80 DO 90 1I = 1, NCOMP <
TC1[%1))= (WAI1(11)/WAD*WRBO/WBIL(IL)) »x {2./3.) = |
1TCIILII
Q0 PCI{I1) = (WAII(I1)/WAD} == (2,/3.) = (WBO/WBLI(II}) =
1= {5./3.) = PCII(II}
c ‘ ,
VCI(I) = (1./3.) « R = TC1{1) / PC1{1}
VE1ld) = (1./3.) = R = TC1{J) / PC1ld)
TC11(1,d) = (1. - CORRL(I,J}) = {TCI{1}*TC1(y)) == 0.5
IF (KIg .GT. 4) GO TO 110 )
VCH1(I,d) = (1./2.) = {VC1(I} + VC1{Jd})
100 ARKL{I,J) = WAD = R = R = TCi11(1,J} == 2.5 J (1, /3.1
IR*TCI1{],J)/VCi1(],d}) : )
GO T0 120
110 VCA401,d) = (1./8.) = (VCH{T)**(1./3.) + VC1{J)**(1./
13.)) ** 3.0
GO TO 100
120 ARKLI(J,I) = ARKLI(I,d}
130 CONTINUE
c
AMRKEL = 0.0
BMRKL-= 0.0
C ]
DO 140 1 = 1, NCOMP
ARTIIY = aBMY T 1Y / RT *« 2 / T == (0.5
BI{!} = BRKL(I) / RT
BI(1) = BRKL{E!} / RT
BMRKL = BMRKL + X{I} = BRKLI(I)
AIRKL{1} = 0.0
c
DO 140 4 = 1, NCOMP
AIRKL(1) .= AIRKL{1) + X{uy) = ARKL(I,6J}
140 AMRKL = AMRKL + X(I) = X{J) = ARKL(I,J)}
C
A2 = AMRKL / RT =% 2 / T == 0.5
B = BMRKL / RT
Af1) = 1.0
Al2) = B = P./ 2. - 15M =7sCOTY
A{3) = A2 = P - 3.0 = = P/ 2, - {(B*P) = 2 / 2. M -
18COTT "
Al4) = ~{BwB + A2xB) = = P / 2.M - SCOTT
C IF { KPRINT .EQ. 1) WRITE(3, 5983) A2 ,B, ALY, AL2),A(3),A14)
CALL CUBEQN ' .
c IF (KPRINT .EG. 1) WRITE(3,-591) MTYPE,Z{1),2(2),2(3) «
IF {MTYPE) 150, 180, 180 :
150 1F (LV .EQ. 0} GO 7O 170
¢ ZL=AMIN1{Z{1),2(2},2(3 h\
- = DMIN1(Z(1},2(2},Z{3)) DOUBLEP

GO 190

¢ 301 IF (KRRINT .EQ. 1) WRITE(3, 333} ZL,.P,CORRL(1,2)
160 CONTINU

GO 70 250 N
170 CONTINUE
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c ZLaaMAX1(Z(1),242),2(3))
ZL = DMAXT(Z(1),2(2),2(3)}
GO TO 190
180 2L = Z(1}
190 H=8*P / ZL
C WRITE (3,591) H,ZL,B,Z2(1),Z(2),Z{3},LV
“C 591 FORMAT(S5X,BEi2.4,12)
C CALL EQNRK{A2,B,P,H,ZL,LV)
C RK ONLY .
VL = RT =B / H
IF {ZL .LE. D.0 .OR. VL .LE. 0.0) GO TO 180
200 CONTINUE y
IF {LV .EQ. 0) GO TO 210 )
rC
210 DO 240 1 = 1, NCOMP
. YSCOTT = B = RT / 4.0 / VLM - sSCOTT .
c IF {(KPRINT .EQ.1) WRITE(3,334) ZL, H ,YSCOTT
PHILN = Bi{1) / B = {4, 0«YSCOTT/(1. -~ 2.0=YSCOTTI) -
. 12.0 = ALOG(1. - 2.0+YSCOTM - SCOTT
“ 80 T) - (A27/ B)«(2.0 » AIRKL(I) / AMRKL - BI{l) / B)=
TALOQG(1.0 + H} M - SCOTT ’
C
230 -A2#«B](1)/B*RT/(VL+B*RT) -ALOG(ZL)
1M-SCOTT o
PHI{I) = EXP{PHILN) = - !
IF (LV .EQ. 0} GD TO 240 :
QE1 = 0.0
240 CONTINUE
C b
250 RETURN
260 FORMAT (1H ,.'Af{1)=', BF12.8)
270 FORMAT (1H , *2', 16, 8F10.6)
280 FORMAT (1HO, 'ZL=', 5F10.5)
290 FORMAT (fH , ' ZL=', F13.7, ' H=', F14.8, ' YSCOTT=',
1F15.9)
END
c
250 RETURN
260 FORMAT (1H , *A({1)=", 6F12.8}
270 FORMAT (tH , ‘Z', 16, BF10.6)
280 FORMAT (1HO, 'ZL=', 5F10.5]) S _
290 FORMAT (1H , ' ZL=', F13.7, ‘ H=', F14.8, ' YSCOTT=',
1F15.9) '

END'

//GO.FTO1FO01 DD = .
0.42693395D00-0, 40525654D-010.478405970-010. '
130832269D000.23069780001-0.57327191D010. 191148060000
241568655D00-0. 14805542001 '

0.47833642D00-0. 18450430D010.56833325001
0.86358627D-01 - 0,110474280-010, 12190902D-010.
1137970690000, 10831474D01-0.25186462D010,68997410D-010.

223526222D00-0.60612746D00
0.18217683000-0.10650643D010.24621194001
0,27047169D000.17543951D000. 19940365D00 -
0.37561136D000. 13735650D00-0.6795056 1D00C. 2433511 1D00-
10.39910050D0000.53413328000

0.84489292D-01 - 0,17053425D000.27681320D00
0.18618565D-010.33391897D00-0.68448992D000.
1233869400-01 - 0.19347031D000.43969793000
//GO.FTO3F0O01 DD SYSOUT=A,DCB={RECFM=FBA,BLKSIZE=399,

(.
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1PRECL= 133)
/*

/ END
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PROGRAM E-3

Computer Rrogram Used to Predict VLE Properties for Multicomponent

Systems by Using the Modified SRK Equation of State
g} "
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***“'**'*“**********‘*'********"‘.*‘**‘****.t*******
PROGRAM E-3
COMPUTER PROGRAM USED TO PREDICT VLE PROPERTIES FOR
MULTICOMPONENT SYSTEMS BY USING THE MODIFIED SRK
EQUATION OF STATE
*"***‘_"**‘*‘.*‘*‘*'*******“*****“‘**“***“****‘*t
 PREDICT P-X-Y CURVE -
MODIFIED REDLICH-KWONG EQUATION OF STATE IS USED
FOR MULTICOMPONENT SYSTEMS CALCULATION
FROM_ THE PURE COMPONENT PROPERTIES
- SAOVE'S METHOD IS USED, SOAVEX IS NAMED IN FILE STATUS
MODIFIED BY CHENG 7ZE FU
THE ORIGINAL PROGRAM SUPPLIED BY ¢.HSI
. SUBROUTINES SUPT,EQNRK, CUBEQN ARE SUPPLIED BY S.D.CHANG
. FALSI-POSITION METHOD 1S EMPLOYED : »

IMPLICIT REAL*B{A - H,0 - Z)

DIMENSION PHIIS), X(5], F{5), GAMMA(S), FREFER(5), PVOL(5|, Y(5],
(PCIS), VCIS), TCIS5), WiS), CIRKV(S). CIRKV(5], CIRKL(5I, CIRKL(S),
2AMOLWT(5), COMPA(5), COMPBIS), CORRVI(S,5), CORRL(5,5), GAMALN{S).
3a14), Z(3), TITLE{20¥, DI5), PCO(5), VEO(5), TCO(5}, PHIV(SI:
SFREFAS). PS(S), PP(BO), XX{B0.5], YV(80.5}, YCAL(5). PPVOL{5],
2DCIDT(5), DC2DT(5), YDI5), RATIO(S), VvLi80), z7L180), 22V(B0).
BYLI5]. GI5), YOU5), YPD(S}, AM(S). ALF(5), TR(5), EK(5). SER{5).
7COMFC{5), COMPD(5). XD{5) -~

COMMON /FIRST/ TC, PC, VCO, W, AMOLWT, T, P, R, NCOMP, RQONTUM.
122ZL, 2122V /SECOND/ Zi A, MTYPE /THIRD/ ALF

10 READ (& BB(, END=550) TLE(T),1=1,20)
WRITE (6,570) (TITLE(®Y 1=1,20)

NONTUM EQUAL 1 XX ISYGIVEN IS K1 VALUE

NQNTUM EQUAL 2 XX AND YY ARE GIVEN IN Ki AND K2 VALUES -
READ (5,580) NCOMP, NQNTUM, IJK, R -~ te
IF (NCOMP .LE., 0) GO TO 540 B

WRITE {6,530 v

DD 20 1 = 1, NCOMP

READ (5,800) PCOII), VCOI(1)}, TCO(1}, W(I)  CIRKLII}, C2RKL (14,
TCOMPALT ), COMPBI(I}, COMPC(I), COMPDII}

PCO{1) = 20.75253 ,

TCO(1) = 41,666666666

VCO[1) = R = TCO{1} » 0.291 / Pcal1)
CIRKL(1) =-.42747 -
C2RKL{1) = .0B664 .

CIRKV{I) = C1RKL(1)

C2RKVII) = C2RKL(I) : _

20 WRITE {6,810) PCO(1)}, VCO(IL, TCO{I), W{l), CTRKL(1}, C2RKL{1),
1COMPA(1), COMPB(I), COMPC{I). COMPD{I) :
CORRL {NCOMP,NCOMP) = 0.0
NCOMP1 = NCOMP - 1 :

READ(5,520) TTT,PSI,(YI{dJ},Jd=1,NCOMP) .
IT =0, TTT IN DEGREE K

IT =1 TTT _IN DEGREE F

IT = 2, TTT IN DEGREE C

READ {5,620) TTT, PSI, IT, {(YI{d¢},u=1,NCOMP)
IF {IT JEQ. 1) TTT = (TTT - 32.) » 5§, /9. +273.15
IF {IT .EQ. 2) TTT = TTT.+ 273.1%
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IJK = 0 PR IN PSI1A
IJK = 1, PP IN ATM. -
IJK = 2 PP IN MPA .
READ (5,630} IJK, KIJ, CINI, CFIN
KIJ = KIJ + 1 : ‘ '
DO 30 MK = 1, NCOMP
AM(MK] = .4B0 + 1.574 = W{MK) - .176 = W(MK) =*= 2
AM(MK] = 0.48508 + 1.55171 » W(MK] - 0,15613 = W(MK} *= 2
TRIMK) = TTT / TCO{MK] ' ’
ALF(MK) = 1.0 + AM{MK) = (1.0 - (TR(MK)*= 5))
ALF(MK} = ALF(MK) = ALF(MK) .
ALF(1) = 1,202 » DEXP(-0.30228=TR{1))
30 WRITE (6,640) AM{MK]), TRIMK), ALF(MK)
PS1=p51/14.697 .
PSII = PSI )
PSI=PSI/760.
WRITE {(6,650) TTT, PSI -
1 =20 * 'R
40 1 =1 + 1 ) ) -
YPD=PERCENTAGE DEVIATION IN Y ]
S%x = 0.0
SY. = 0.0
READ(5,520}TTT,PP{I),, (XXIL,d},J=1,NCOMP}, (YY(I,d)},J=1,NCOMP}
1 VZZLUI),ZZViE)
520 FORMATI(2F10.4,F11.4,4F10.48)
READ{t?i52OJ PPOLY, (XX(L,d),¢=1,NCOMP1) , {YY(I,d),Jd=1,NCOMPY)
1,V
READ (5,660) PP(I (XXCI,Jd),d=1 NCOMP1), (YYI[I,d),Jd=1,NCOMP1)

50

60

70

'BQ

90

100

(1,
IF (PPII} .LE."0.0) GO TO' 90 - - _
IF (NONTUM _EQ. 1) XX(I.1) = YY(I.,1) / XX{I,1)
IF (NGNTUM _EQ. 2) GO 70 80 o
CONT INUE - S
IF (IJK .EQ. 1) °PP(Q) = PP(I} = 14.697 :
IF (IJK .EQ. 2) PP(1) = PP(1} » 1000. / &.B895

060 J= 1, NCOMP1

Y = SY + YY(I.d}

X = SX + XX(I.d} .

X(1,NCOMP) = 1.0 - SX

Y(I NCOMP) = 1.0 - SY

F (R .LT. 11.0) GO T0 70

PP(I)=PP{1}/760.

PP(1)=PP(1}/14.697 ‘ . |
PP(1)} = PP(1) / 14.697 : .
WRITE (6,670) I, PP{I), (XX(I,J),J=1,NCOMP), (YY(1.,d},d=1,NCOMP)
IF (PP{1} .GE. 0) GO TO 40 ‘

CONTINUE o

TEMP = (1. - YY{I,1}) / {XX(I.1) - YY(I,1})
YY(1,1)'= TEMP = XX(1,1)

XX(1.1) = TEMP '

60°T0 50

NOBS = 1 - 1.

DO 100 I-= 1, NOBS

YWL(1) = 0~

DO 110 I = 1, NCOMP1

11 zod=P 1
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c :
PO 110 J = I1, NCOMP
110 READ {5,660] CORRL{I,d)

C
ITJJKK =2 = NCOMP + 3 ' o

D0 120 IJKL = 1, I1JUKK
READ {5,660) DUMMY
120 CONTINUE
c

130 KIJ = KId + 1 .
1¢ .GE. 3) GD TD 10-
1J.GT.2) GO TO 800
1J.GE.2] GO TO 800
(6,630) IJK, KldJ, CINI, CFIN

OO0
O a1
===
— —
OMmXxXX

KK = 20
140 CONTINUE
KK = KK + 1
" ax WRITE (6,680)
' c

1, NCOMP1
= 0.0

. NCOMP
0) GO TO 150
= CINI + (KK - 1) = (CFIN - CINI) / 10.

1, J, CORRLII,J) .
CORRL{1, J) '

N —

" PSI =
150 WRITE

CORRL (

160 CONTIN

C *y
SbP = 0.
SDV = 0
SSXD =
§SYD = .- .
SPOPP = 0.0 <
RMSYD1 = 0.0 -
RMSYD2 = 0.0 ’ .
“SRMPD = 0.0 . ‘ .
IF (NQNTUM .GE. 10) GO TO 200 :
, DO 180 1 z ~
. PCII)
o vCil)
& 180 TC(I)
c

1190 T = TTT '
. RT =R =T ‘
200 CONT INUE
- NIP = 0 .
MIP = 0

NCOMP

nnn
—A =<0

FLY
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P
K
P =
ZZIV
2ZZL

DD 210 0 = 1, NCOMP »
210 PHIV{U} = 1.0 s

DO 220 J = 1, NCOMP
220 X(J] = XX{K,J)

X1 = x{1) : L4
XNN = 0.0
IF (NCOMP .EQ.-2) GO 1O 250

DO 230 1 = 3, NCOMP
XNN = ANN + X(I)
230 CONTINUE

240 CONTINUE : .
(1) = Xt

250 X(2) = 1 - X1 - XNN

560 CALL SUPTI{VL. PHI, PPVOL, C1RKL, C2RKL, CORRL, X, 1, KlJ}
1F (VL .LE. - 10.) GO TO T30

51
#
{

B onQ

+

1
K)
ZZVIK)
ZZL(K)
J

JY = 0
<270 IF {JY .GT. 20) GD TO 320
SUMY = O,
DO 280 J = 1, NCOMP .
Y () o= PHIGJ) = X(d) / PHIVY)
2B0 SUMY = SUMY + Y(J)

c
c

-

- C

C

1F (JY) 290, 300, 290 '

60 IF (ABS{(SUMYO-SUMY)/SUMY) LE.0.0005) GO TO 61
290 IF (DABS({SUMYD - SUMY)/SUMY) .LE. .0001) GO TO 320
300 SUMYOD = SUMY ; :

JY = JY + 1
. [o}
DO 310 J = 1, NCOMP
310 Y(J) = Y{J) / SUmY
CALL SUPT(VL, PHIV, PVOL, C1RKL, C2RKL, CORRL, Y, 0, KIJ]
. IF (VL .LE. - 10.) GO TO 130 :
GD TO 270 B
320 CONTINUE ;
DY = SUMY - 1.0
IF(ABS(DY).LE.0.000%) GO TO 110
IF (DABSIDY) .LE. .0001) GO TO 480
{NIP .GT. 100) GO TD 460 ,
{MIP .GT. 20) GO TO 460 ! )
{MIP) 330, 330, 390 . § .
330 (NIP .LE. 0} GO TO 340
({DY*DDY} .LT. 0.0) GO TO 400
34QaN1P = NIP + 1 °
IF (NIP - 1) 350, 350, 360

1
I
1
I
1

TTmmm ™

' 350 X10LD = X1

DDY = DY
X1 = X1 + 0.001~
GO 7O 440
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360 SLOPE = (X1 - xi0LD) / (DY - DDY)
DELX = SLOPE = DY
C IF(ABS(DELP)-1.0)79,79,78
IF (DABS(DELX} - .01} 380 380 370
C 78 DELP=SIGN(1.0,DELP)
870 DELX = DSIGN(1.0D-3, DELXJ
380 X10LD = X1

DDY = DY -
X1 = X1 - DELX '
GO TO 440
390 IF [(DY«DDY) .LT. 0.0) GO TO 400
IF ((DY«DYD) .LT. 0.0) GD TOD 410
C 55 IF{ABS({P-POLD)/P}.LE.0.0001} GO TO 105
400 IF {DABS{(X1 -~ X10LD)/X1) .LE., 0.0001} GO TO 460 / —
XIN = (DY+X10LD ~ DDY*X1) / (DY - DDYI ,

GO TO 420

C 57 IF(ABS{(P-PO}/P}.LE.0.0001} GO TO 105

410 IF (DABS((X1 - x0)/X1) .LE. .0001) GO TO 460
XIN = (DY=XD - DYD=X1) / (DY -"DYO!

GO TO 430
420 X0 = X10LD
DYD = DDY:
430 X10LD = X1
DDY = DY
X1 = X1IN
MIP. = MIP + f
C T
440 DD 450 J = 1, NCOMP
450 Y{J) = Y(J} / sSUMY
c

CALL SUPTIVL, PHIV, PVQL, CIRKL, C2RKL, CORRL, Y, 0, Kid}
IF (VL .LE."- 10.} GO TO 130
GO TO 240
C 105 1F{ABS(DY).LE.0.005) GO.TO 110
480 1 (DABS(DY) .LE. .0D05) GO T0 480
470 WRITE' (6,700)
C WHEN ATM. UNIT ARE USED THE NEXT' TWO CARDS ARE COMMENTED AND 11/ G
c THE NEXT CARD
480 P = P = 14,697
C 110 P=P=14.697
c PP(K)=PP{K)=14.697
PP(K) = PP(K) * 14.687
DP = P - PP(K)
C 110 DP=P-PP(K)
c SDP=SDP+ABS (DP) _ : .
SDP = SDP + DABSYDP) :
c PDPP=ABS(DP} /PP (K}
PDPP = DABS(DP} / PP(K)
¢ SPDOPP = SPDPP + ABb(PAPP)
SPDPP = SPDPP + DABS(PDPP)
WRITE (6,710) T, P, PP(K}, DP, PDPP, K- 1J)

——
C- ~ COMMENT FOR ATMOS UNIT
¢ PP{K)=PP(K) /14,687
PP{K) = PP(K) / 14.897
SXD = 0.0
SYD = 0.0
C -
DO. 500 U % 1, NCOMP ‘
XD{J) = X(J) - XX(K,u)
YD(U} = Y(J) - YY(K.J)

a
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4 T} 1F (YY(K,J} .LE. .000005) YPD{J) = 0.0

IF (YY{K,J} .LE. .000005) EK(J) = 0.0

' IF (YY(K.J) .LE. 0.000005) GO TO 480
YPD{y) = YD(J) / YYIK,J)
EK(J) & YD{J)'/ YY{K,J) = 100.

490 CONTINBE "

SEK(J) = SEK{J] + DABSIEK(J]}

' SXD = SXD  DABS (XD(d)

v, : 500 SYD = SYD + DABS{YD{J}}

§SXD = SSXD + SXD :
$SYD = SSYD + SYD -
- RMSYD1 = RMSYDT + YPD(1} =» 2
* RMSYD2 = RMSYD2 + YPD{2} == 2
SRMPD = SRMPD + PDPP =x 2
WRITE (6,720)

C .
DO 510 J = 1, NCOMP ¥
510 WRITE (6,730} J, COMPA(J), COMPB(J}, COMPCLJ), COMPDIJ], X(J). ‘
Y0}, YY{K, ), YDLJ), XX(K,J), XD(J]. PHI{J}, PHIV(J) SUMY , ﬂip
_ - 2MIP
c .
, f? DV = VL - VVLIK}

c SDV=SDV+ABS(DV) .

SDY = SDV + DABS(DV) S
. WRITE 16,750) VL, VVL{K}, DV .

WRITE {6.740) (EK(J],J=1,NCOMP} .
PSI = P

c COMMENT THE NEXT CARD IF ATMOS. IS USED
pS1 = PSI / 14.687

c PS1=PSI/14.697

IF (K - NOBS) 200, 520, 520
520 CONTINUE
DPAV = SDP / NOBS
- DXAY = S5XD / NOBS / NCOMP
DYAV = SSYD / NDBS / NCOMP

DO 530 J = 1, NCOMP pa—

SEK(J) = SEK{dJ) / NOBS - <
530 CONTINUE

DVAV = SDV / NOBS
PDPPAV = SPDPP /°NOBS
RMSYD! = (RMSYD1/NOBS) == .5 = 100.
RMSYD2 = (RMSYD2/NOBS) =»» .5 * 100.
RMSPD = (SRMPD/NOBS) #= .5 » 100. . _
WRITE (B.760) NOBS, DPAV, PDPPAV, DYAV, RMSYD1, RMSYD2, RMSPD
WRITE (6.740) (SEK{J},J=1,NCOMP] o
WRITE (6,780) SDP, SSYD, SDV
WRITE (6,770) DXAV, DYAV
IF (KK - 11) 140, 130, 130
540 STOP ‘
' 550 RETURN
560 FORMAT (2044) )
570 FORMAT [1H1, 20A4)
580 FORMAT (315, F10.4) p ,
590 FORMAT (iHO, 6X, 'PC *,.BX, 'vVC ', BX, 'TC ', 8x, ‘W, 11X,
Y WAIL', BX, 'WBII', 7X,’'COMPONENT', [/
600 FORMAT (BFB.4, AA4)
610 FORMAT {1H . 6F12.5, E; YY) ‘

7

4



+
. "
620 FORMAT (2F10.0, 12, 5F10.0)
630 FORMAT {215, 2F10.4) ‘ )
640 FORMAT (B(F10.6), 5X) ' ’
650 FORMAT (1HO, 'T=', F10.4, 3X, 'DEG. OF K', 3X, 'P=', F10.4,.3X,

1" ATHY)

660 FORMAT (2F10.4, F10.4, 5F10.4) .
670 FORMAT (1H , I3, 1F12.5, * P IN ATM ‘., BF12.5)
680 FORMAT (1H |, H , 16X, 3HKIu/)

690 FORMAT (1H , BX, 212, F10.4, 2F10.4)

700 FORMAT (1HO, B7HFAILED TO CONVERGE, RESULTS BELOW ARE NOT RELIABLE
1 1F SUMY 1S MUCH DIFFERENT FROM UNITY)

710 FORMAT (//, 3x, 'T=', F@.2, * P=", F10.4, ' PP(K}=', F10.4,
1" DP=', F10.4, SHPDPP=, F10.4, 15X, ‘DATA NO. = ‘, 14) )

720 FORMAT (/10X, SHCOMPONENT, 9Xx, 1HX, 9x, THY, 8X, 2HYX, 9X, 2HYD,
19X, 4HXEPX, 6X, SH XD , BX, 4HPHIL, 7X, 4HPHIV, 2x, AHSUMY, 3x,
24HITER, 2X, 3HNIY/)

730 FORMAT (12, 444, 4F12.4, 4F10.4, F8.4, 215\

740 FORMAT [(1HO, ‘DEVIATION OF K IN %=', BF8.3)
750 FORMAT (15X, 4HVL= , F10.4, SHVVL= » F10.4, 4HDV= , F10.4)L:>

___lﬁQH;gRMAT (1H0, 13, BE16.8)
- TTOFORMAT (/10X, 'DXAV(ABS. AVE. DEV.) =',‘F10.6, 20X,

lais el

O OO0

1" DYAV(ABS. JAVE., DEV.) =/, F10.B///)
780 FORMAT (/10X, 'ACCUM. SUM OF DEV. IN P IS ", E12.4,
1" ACCUM. SUM OF DEV. IN Y IS ', E12.4, *SDV IS ‘. £12.4/)
780 FORMAT (F14.4, GF10.4)
END
SUBROUTINE SUPT(VL, PHI, PVOL, CIRKL, C2RKL, CORRL, X, LV, KiJ)
EVALUTION OF SUPPORTING PROPERTIES,THE FUGACITY AND THE
PARTIAL MOLAL VOLUME OF FLUID MIXTURES.
SHINN-DER CHANG, DEPT.OF .CHEM.ENG., UNIV. OF DTTAWA.
IMPLICIT REAL*B{A - H.O - 7)
DIMENSION TC{5), PC(5), VCO(5), W{5
1BRKL{S), WIJl5S TCOIJ(B,5), TCIJ

{
S, I
2C2RKL(5), PVOL{5}, PHI{5), CORRLI(5
3AIRKL{5), ALF(5)
DIMENSION ZZ(3) .

. ‘
COMMON /FIRST/ TC, PC, VCO, W, A OLWT, T, P, R, NCOMP, NQNTUM,
1ZZZL, ZZIZV /SECOND/ Z, A, MTYPE /THIRD/ ALF

» AMDLWT(5), ARKLI5
5.5), a(4}, 2(3), ¢
). Xi5}, A21{5), BI

) 5);
{ RKLI(5},
5 5),

i
{
<

LV=0, FOR VAPOR PHASE . |
Lv=1, FOR LIQUID PHASE.
Kld=1, TC!J=SQRT(TCI*TCJ)'(1.-KIJ)
Klu=2, AJU=SQRT(AI=AJ)=(1.-KIJ)
Kld=3, Ald=fAI*KId+(1.-Kld)'Ad)/2.
RT =R =1 '
10 DO 20 1 = %, NCOMP - '2
ARKL{I,I) = CIRKL(]) » R = R = (TC{1)»%2.5) / PC(I) = ALF(I) « [T/
1TC{1)) == .5 - i '
BREL{I} = C2RKLI{I) = R = TCOL}Y / PC{I)
20 CONTINUE ’
. = 1 wl
30 *l =1 + 1
s
DO 100 d = 11, NCOMP
IF (KIJ .GT. 1) GO TO 70
TCLJ{T,J) = (TC(I)»TC{U)) == 0.5 = (1.0 - CORRL{I,U))
TCIJ{dJ, 1) = TCIu(l,J)
WIJ(I, U} = (W(I) + W{J)) = 0.5
ZC01J = 0.281 - 0,08 = WIJd(I,J)
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¢ .

VCOIJ = (VCO(I)w=(%,/3.) + VCO{u)=x(1X3.)) *« 3 /7 g.p

PCOIY = ZCOIY * R » TCIJ(I.d) / veoly

PCIJ = PCOLY 5
ARKL(I,J} = (CIRKL(I)y+ CIRKL(J)} % 0.5 « R o»» 2 = TCIU(1,d) * 2!
S/ PCIY * ‘ :
GO TO 90 : _

IF (KIJ .GT. 2) GO TO 80 : ]
ARKLIT,J) = VARKLUI, T1*ARKL (U, ] ) *= 0.5 = (1.0 - CORRLII,J))
GO TQ 90 R
ARKL{I,Jd) = (ARKL{I,1)*CORRL(I,u} + (1. - CORRL (I, d})*ARKL(uU,U})
ARKL(J, I} = ARKLI(I,4)

CONTINUE

I =1+ 1 Uf’J:\(

IF {1 .NE. NCOMP) GD TO 3
AMRKL = 0.0 .

BMRKL = 0.0
DO 110 I =71, NCOMP
A2I(1) = ARKL{1,1) / RT =% 2 /T == 0.5

BI(I) = BRKL(]} / RT
BMRKL = BMRKL + X(]) = BRKL (1}
AIRKL(I) = 0.0 N
DO 110 J = 1, NCOMP

AIRKL(I) = AIRKL{I) + X(J) = ARKL(1,4)
AMRKL = AMRKL + X{I} = X{dJ} = ARKL(I,J)
A2 = AMRKL / RT »x 2 / T == .5
B = BMRKL / RT

WRITE{6,711)BMRKL ,. B.R.T,P
A1} = 1.0
A(2) = -1,0
A{3) = B = P » (p2/8 - 1.9 - BxP)
Al4) = -{A2/B) = {BxP}) =% 2
CALL CUBEQN(MTYPE, &, 7}

IF (MTYPE) 120, 140, 140

IF (LV .EQ. 0) GO 10 130

ZL=AMINT(Z(1),2(2).2(3})
JZL=AMINT(Z01),2(2).2(3)) o
ZL = DMINI(Z{1},2(2},2(3))

Ju=0 .

DD 146 1=1,3 o

ZZ(1})=9999. ' :

Jd=JJd+1 .

IF(Z(1).LT20.0) GOYO 148

ZZ{dJ)=Z(1)

CONTINUE

ZL=AMIN1(2Z(1),22(2 Zi$3) )
GO TO 160
ZL=AMAXT{Z{1),Z(
ZL = DMAX1(Z(1),27 )
GO T@ 180
ZL = Z(1)

IF(ZL.GT.0.0) GO TO 126
IL=227L :

IF(ZL.LE.1000.) GO TO 123 . .
ZL=ZZ7V : /,//_
CONTINUE - <

H=z=B=»p/zL
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IF- {1.0 - H) 170, 170, 190
IF {(LV .EQ. 0} GO Jo 180

= 0. 98
GD TO 180
H = 0.02
IF (1.0 « H) 200, 200, 220
IF (LV .EQ. 0) GO 70 210
H=20.98
GO TO 220
H=10.02
CONTINUE
VL = RT =
WRITE(B,7

. X
—_—

DD 250 I = 1, NCOMP
WRITE{6,591)ZL,H

IF (ZL .L7. 0.0) VL = -1D0.

iF (ZL .LT. 0.
IF (ZL .L7. 0. GO 10 260
PHILN ={ZL-1.
1-(A2/B}=(2.%
PHILN = (2L -
1 = (2. *AIRKL(I)/AM

PH1(1)= EXP{PHI )
PHI{I) = DEXP(PHILN)

WRITE(E,592)PHI{I}, LV
IF {LV .EQ. 0) GO TO 250
QE1 = 0.0

DO 240 J = 1, NCOMP

0
0)
0}
Al
1.

)

H

TYPE

BMRKL }

L*VL + BMRKLI/{VL»=2%(VL + BMRKL=»2))

) WRITE [(6,290) ZL,

KL{1)/AMRKL

QE1 = QE1 + X{dJ) » ARKL(I,d)

QE
QG

H

PVOL(I) = ((QE/QDJ - QG) / [QH - QRy

CONTINUE

RETURN . &
FDRMAT (3X, 5E12:5)

FORMAT (3X, 'Lv= ', 13, 2X,

1"B= ', E12.5, 2X, 'H= ', E12.5,"

290 FORMAT (1HO ~#*ZL = ', 2F16.8)
300-FORMAT (/3X, E12.5, 2X, 13

END
SUBROUTINE CUBEQN({INDEX, L

)

I ]

L)

4

*BI{1}/B-ALOG({ZL)-ALDG{1.0-H)
RK -BI{1)/B)=al0G(1.0+H}

0} = BLIl) / B - DLOG(ZL}-- DLOG(1.0 - H) - {AZ/B)
AMRKL - BI(I'/B} = DLOG(1.0 + H)

LN

2.0 » QE1 - AMRKL- = BRKL(I) / (VL + BMRKL)
(RT/(VL - BMRKL}) = (1.0 + BRKL(I)/(VL.- BMRKLJ) =

R

VL= *, E12.5, 2X,
3)

SOLVING EQN Fé§é=A(1)'Z‘*3+A[2)*Z**2+A(3)‘Z+At4)=0

C
C  BY SHINN-DER
IMPLICIT REAEWE(A - H,0 - 2)
C REAL*4 LI (4), Ld(S)
REAL=8 LI{4}), LJ(3)
DIMENSION A(4) Z(3)
C .
BO 101 =1, 4
Gﬂo ACL) = LI(I)

( DEPT OF CHEM ENG , UNIV OF OTTAWA )
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20

30
40
50
B0
70

80

.90

100

c

- 110
120

C
130

f .

P o= (A[3) - AN2)»w2/A(1)/3.0D0) /7 Al1} .
Q = 2.0D0 * (A(2)/3.0D0/A(1}) == 3 - A[3) * A{2) / 3.000 / AL1) »»
12 + A(4) /7 A(1)
DE = (P/3.0D0) == 3 + [Q/2.0D0) = 2
T = A(2) 7/ 3.0D0 / Al1) .
IF (DE .GE, 0.0D0) GO TO 20
THI = DARCOS(-(Q/2.0D0)/DSQRT(-(P/3.0D0)**3))
R = 2.0D0 = DSQRT(-P/3.0D0) = DCOS(THI/3.0DO) 3
GO TO 70 : - ~
5 = (-(Q/2.0D0) + DSQRT(DE})
U= (-Q/2.0D0-DSQRTI(DE))
IF {S) 30, 40, 30
5 =5/ DABS(S] * (S5=S) == ({1.0D0/6.0D0)
IF (U) 50, B0, 50
U= U/ DABSIU) = (UsU) == (1.00076.000}
R=5+1U )
DISC = R *» R - 4,000 = (P + R«R] A T,
IF (DISC) 100, 80, 90 .
INDEX = 0 '
Z{1) =R - 7
Z(2) = -R / 2.0D0-T
Z(3) = 72(2)
GO TO 110
INDEX = -1
201 = R - T _ )
Z{2) = -R / 2.0DD+DSQRT(DISC) / 2.0D0-T
Z43) = -R / 2.0DD-QSQRTIDISC) / 2.0D0-T
GO TD 110 :
INDEX =. 1 , .
2(1) = R - T, -
DB = DSQRT(DABRS(DISC)) / 2.0D0 :
DA = -R / 2.000-T : :
2(2) = 2(1) !
Z(3) = z{(1) '
WRITE(6,100}DA- DB . .
DD 1201 = 1, 3
Ll = Z(1)
RETURN ‘
FORMAT (/* THERE ARE TWO CONJUGATE ROOTS , REAL PART= -, E15.6/27X,
1" IMAG. PART= ', E15.8/) -
END i
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LA E R 2 L R R R R RIS TR PR E L2 2 L R 2 R R SRR T 2R RRESTT TS L]} IN

PROGRAM E-4

COMPUTER PROGRAM USED TO CORRELATE BINARY INTERACTION
COEFFICIENT, CIJ VALUES

lIIIi‘-tﬁ..‘“-‘#llﬁ‘-“.-t‘-'l*.!‘tl‘**..tt‘l"*'8“.'!...*““*

- IMPLICIT REAL=B{A - H,0 - Z) -
DIMENSION A{40,40), B{40,40}), (100}, Y(100,1),
1C{40,40), YC({100), DY(100), YCAL({100), YORIG{100,1),
20Y01100), XX(100), TITLE(20), EDY{100), ww{100})
L B & L L L T P T T T T TP
10 READ (5,240,END=230) W, XK

PR E LA B LRI AR SRR L ELE ISR LRt 2 R R Y R R Rt R R Y L]

IF (W .LT. 0.) GO TO 230

—

EEETETETETETETT
[ L (I O { A [ R O [ A T 1}
= ANO W LD -« U -

Sy

a0 O O

OO0

OOOOCOOOOO0N0

LR R E L AL 2 R 2R A E R EEERLE NSRRI E Rt A EE TR R R Rl Rl Rl R Rt 0]

READ {5,250) (TITLE{(I}, I=1 pgl

kbt b P L L L L L L L L
- WRITE (6,260) (TITLE(I}, , 191

bthuiid bbb b LR DL L L D I L D e
WRITE (6,270} w

READ (5, 280) T, R, NI, NNI, NT

NT 0 TEMP. IN DEGREE K

NT = 1 TEMP. IN DEGREE C
NT = 2 TEMP IN DEGREE F
NT = 3 TEMP IN DEGREE R .
NT = NT +
G0_TO (50. 40, 30, 20),. NT
207=T7/1.8 .
80 10 50° ‘ ‘
30T = {T - 32.) =5, /9, +273.15
GO TO 50 |
40 T = T + 273.15
50 CONTINUE - - L~
NI = NI + 1 ¢

L T T e T T T T T T P LT T T T
NI = 0 INPUT IS GE, X({1)
Nl = 1 INPUT IS ﬂCTlVITY COEFFICIENTS AND X(1)

NI = 2 INP IS LOGIQ({ACTIVITY COEF.|S) AND X{1}
N1 = 3 InP IS NATURAL LOG(ACTIVITY COEF.|S} AND X(1}
FORM gé = f P [S SMOOTHED DATA OF LOGIO(ACTIVITY COEF.’S} IN THE
A EQ. WITWH COEFFICIENTS B12, C12, D12 AND X{1) . 3 —_—
- NNI =0 INPUT GE 1S GE
NNI = 1 " INPUT GE IS GE/R/T

R IS 1.987 IF GE IN CAL/MOLE
R IS 8.314 IF GE IN J./MOLE



-
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¢

IF (N1 .EQ. 5) READ\(5,240] B12, €12, D12 S .

l'#t*mt'*}#l#***t***t**t'*****t*'***#lﬁ*ﬁ**‘l*‘*t‘ﬁt*t*‘***tt#*‘**

" IF {NI .EQ. 5) WRITE (6,310) B12 €12, D12

90
100

110

120

130

140

1f (X(I) EO 1.0 .OR. X({1) .EQ. 0.0) GO 7D 60
IF (XtI) .LT. 0) G0 TO 110 - : )
WwWil) = 1,
IF (NI..EQ. 2) E = DLOGIE}
1F (NI .EQ. 2) F = DLOG(F: .
IF (NI EQ. ) E = X(1) »+ 2 # (B12 + C12%(4,*X(1)
11.) + DI2%(2.=X{1) -~ 1.)- S.*x(1) - 1.])
1F (NI .EQ.:5) F = X(1) - T » {B12 + C12=(4.%X[1]
R DI2= (2. %X{1) - A e 16.0k(1) - 5.))
DO 90 J = 1. L
YO1,J0) = {X({I})*E + Fa{1. - X(I))) = R = ¥
IF (NI .EQ. 3} Y{1,d) = Y(I,U) » 2.303
IF (NI .EQ. 5) Y{1,d) = Y{I,J} = 2,303
YOEJ) = Y(FP.J) /R /T /7 XL/ (4. - X(1)}
CONT INUE -
wR1 E (6.310) x(1), Y(I,1} P
;1-0-1 ‘:--3‘5’}‘"
GD TO 60
N=1-1 i
DO 120 1 = 1, N
C(I, 1) = 1.0 )
MP1'=s M + 1 _ )
DO 130 J = 2, MPt
TN - )
cil,d) I,J = 1) = X(1) -
——ﬂ’{’
DO 140 I = v
DO 140 J = 1, MP1
AlL,4) = .
DO 140 K = 1, N .
AlL,J) = A(I,d) + C{K,1) = C(K,d) = WW(K)
» ' )
- - A N

WRITE (6, 290) T, R .-
-mmtnt*amm:nh*t***t:tta*:#tt:mmanmt*tlttt*ttt*t**t*t*t**t*ttaat*tu
IF (XK .LT. .0} READ {(5,240) TC 4 L
tt**‘*****'t#mt*mﬂ*ﬂ*t‘t‘tl#t**tt*tt*tttt*!ttumm*wam#tmm!mn#mmtnti
1 -
60 TD (70, 80, 80, 80, .80),
:t!t**tl**it**tmmttltttttt*t*a*t**t*t*‘**Ht**nm*m*m*ﬂmlt!tmt*‘ttt*
READ (5,300 X{I}, {Y(IjdJ),d=1,L)
l*‘lt**********'*#****‘****ltwttt!*mﬂ*t#*tt#*tttt!t***t*t**#*t**tt
IF (XK*LT. Q) X{1) = %(I) /- TC
IF (X(I) .LT. - 3.0) 60 70 110
X{1) = 1.0/X(1)

WW(l) = 1 -~

GO 70 100
:*t**xt***t:t!‘t*lnm*:ti*l*t**t*t*ft*ht'***‘#*ﬁm#u*l**tltt**tt*n*!
READ .(5,240) E, F, 1) - - .

**'tt*.*‘*#*'*tltt**l**l.ttt****t*t‘**ltm*tk!*‘*tt*l!*t‘*t'****l**

IF (XK ) XLI) = x(1) /O TC '




160

170
180

190

200

210
220
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DO 150 J = 1, L

DO 150 1, MP1 ﬁff
B(I,J} = 0. .

DO 150 K &/1, N , ) -
B(I,J) = Q{I.d) + CK, 1) = Y(K,J) * WWIK)

CALL CHAPB(A, MP1, B, L, DET)
WRITE (6,320)

—
n

i

WRITE {6,330) N .

WRITE (6,340) M

DD 160 J = 1, L

DD 160 I = 1, MP1

11 =1-1

WRITE (6,36C) 11, BI(I,J)

SEDY = 0. ~
SDY = 0.0

XMEDY = 0.

N3 = N+ 3

A(N + 1) = 273.15 - 80.04 ° "

X(N + 2) = 273.15 - 99,01

X(N + 3) = 273,15 - 109.99

DO 200 J = 1, N3 ° S
YC(J) = 0. : :

DO 170 IL = 1, L

po 170 1.= 1, MPI .
IT1 =1 - 14

IF {x{J) .EQ. 0.D) GO TO 210

YC(J) = YCUJ) + BUI,ILY = X(J) == 11

CONTINUE '

CONT INUE -

DY(d} = YCUJd) - Y{d,IL) .

DY(N ~ 1) = 0.0

DY(N + 2) = 0.0 ho
DYIN + 3) = 0.0 .

IF (DABS(Y{J,IL)} .LE. 0.0000001) GO TO 220 ’

EDY{d)} = (DY[J)/Y{4,IL)) = 100. -

IF {XMEDY .LT. DABS(EDY(J))) XMEDY = DABS{EDY(J})

SEDY = SEDY + DABS{EDY{dJ})

SDY = SDY + DABS(DY(dJ)}

WRITE {6,370) J, YCiJ), J, DY(J), J, EDYLJ), 4, X{J) .
EDYAV = SEDY / N

SDYAV = SDY / N -

WRITE (6,380) SDY, EDYAV, SDYAV

WRITE (6,390) &MEDY

GD(T? 10 (1)

YC{d) = B(1,1IL}. - .
GO TO 188 ' P
EDY(J)} = 0.0

GO 70 190

\\ .
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230 RETURN
240 FORMAT (BF10.4)
250 FORMAT (19A4)

260 FORMAT (1H1, 1944) L
270 FORMAT [1HO, * W=', D16.10) .
- . 280 FORMAT (2FR10.4, 512) -
. © 280 FORMAT (19D, * T=', F16.8, ' R=', F16.10)

=3, 300 FORMAT (4D20.8)
¥ . ,310 FORMAT,(1HO, 3D20.14) ‘ .
- 77320 EDRMAT (1HD, ' ==-smsmmmmmmmmeoeo R R ERELEEEEE R ‘
o \

330 FORMAT (1H , THE NUMBER OF GIVEN DATA POINTS=", 13)

340 FORMAT {(1H , ' THE DEGREE OF POLYNOMIAL=', 13}
350 FORMAY (4F20.8) ' :
360 FORMAT (1HO, 13, DEGREE COEFFICIENT= ', D20.14)
370 FORMAT (1HO, ' YC{', 12, ')=', D20.14, * DY{', 12,
1" )=', D20.14, ' EDY(', 12, #)=', D20.14, "%, ' X",
212, "}=', D10.5, /) . -
380 FORMAT (1HO, * SUM OF DY=', D20.14, ' AVE. D.Y.=',
1D20.14, "%, AVE. D.Y.=', D20.14) ;
390 FORMAT {1HO, ' MAX. DEVIATION = ', 020.14) -
END

C THIS SUBROUTINE IS FOR MATRIX INVERSION AND SIMULT. LINEAR EQS.
© SUBROUTINE CHAPB{A, N, B, M, DET)
IMPLICIT REAL*8(A - H,0 - ZI -
DIMENSION A{40,40), B{40,40}, IPVOT{40}, INDEX(40,2),
1PIVOY (40} : : .
. COMMON 1Pvef, INDEX, PIVOT p
"EQUIVALENCE (IROW,JROW), (TCOL .JCOL}'
FOLLOWING 3 STATEMENTS FOR INITIALIZATION <
10 DET = 1.
2 .
"DO 20 J = 1, N
20 1PVOT(J) = O
c .
. DO 210 I = 1, N
c FOLLOWING 12 STATEMENTS FOR SEARCH FOR PIVOT ELEMENT
. T = 0.

DO 70 J = 1,
IF (IPVOT(J)

-0y

—

=

1) 30, 70, 30

.

1) 40, 60, 260

- DABSIA{J,X)}) 50, 60, 60

30 DO 60 K =
IF (IpVOT
40 IF | 5(
50 IROW = d
‘ IcoL = K
T = Ald,K}
60 CONTINUE

70‘coNTxnué

1,
{K)
T)

IPVOT{ICOL} = IPVOT(ICOL) + 1
C FOLLOWING 15 STATEMENT TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW - 1COL) 80, 120, 80 -
80 DET = -DET Re .o
¢
DO SO L = 1, N '
A T = ACIROW,L) d
ACIROW,L) = A(ICOL,L)



90

100

110
120

130

140
150

160

170

180

190
200

C
210

220

230

240

c
250

260
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ALICOL,LE = T o ‘ .

1E (M) 120, 120, 100 . : &

OO L =1, M -
BIROW,L) = B(ICOL,L)

T = 8{IROW,L) _
BLICOL,L) & T

INDEX(I, 1) = IROW . .- ‘ :
INDEX{1,2) = ICOL | ‘ ‘
PIVOT(1-= A{ICOL,IcOL) ' '

DET = DET * PIVOT(1)

FOLLOWING B STATEMENTS TG DIVIDE PIVUT ROW BY PIVOT ELEMENT

A(ICOL,ICOL) = 1.

DO 130 L = 1, N v
A{1COL,L) = a(lCOL,L} / PIVOT{1}

If (M) 160, 160, 140

DO 150 L = 1, M

B{ICOL,L) = B(ICOL,L) / PIVOT(I1}

FOLLOWING 10 STATEMENTS 10 REDUCE NON-PIVOT ROWS
DO 210 LI =1, N

IF (L1 - IcOL} 170, 210, 170

T = A{L1,ICOL) '

A{LI,ICOL) = O. ‘ . ‘

po 1BO L = 1, N
arpl,L) = A(LI,L) - afICOL,L} =T

IF (M) 210, 21

h

0, 190
DD 200 L = 1, M
(LI,L) - B{ICOL,L} = T

B(Ll.L)} = B

CONTINUE
FOLLOWING 11 STATEMENTS TQO INTERCHANGS5&30LUMNS
DD 250 I = 1, N

L=N-1H= 1,
I%(INDEX(L,H -
JROW = INDEX{L,1
JCOL = INDEX(L,2

DO 240 K = 1, N
T = A(K,JROBI
A(K, JROW) A(K,JCOL) "
A{K,JCOL) T

CONTINUE

CONTINUE

RETURN ‘ :
END : .

A L)

)INDEX(L.Q)J 230, 250, 230
}

nn

LD

L

a?





