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ABSTRACT

Engleman, John G. - Activity Coefficlents of Gases in
Binary Mixtures, Caleulated by the Methods
of Joffe, of Bimister snd Ruby, end of
Redlich et al. - Thesis, submitted to
Rewark College of Engineering April 30, 1956,

The theory and usefulness of vapor phase activity coelficlents
have been developed. The equations, charts emd calculation procedurves
to be used for the three methods sre included with a set of ssmple
calculations in their most convenient form.

Activity coefficients for 230 experimental points have been calcu-
lated by the three methods for both compoments of four bilnary gaseous
systems. These systems sre Argon - Ethylene (36 points), Hydrogen -
Nitrogen (32 points), Methane » Ethane (112 points) and Methane -

n Butane (56 points). Wide ranges of pressure, Sempersture and mol
fractior are included,

The % deviations of calculested from experimental activity coeffici.
ents have been determined. From these deviations and a time study, the
general and gpecific utilities of the three methods have been estimated.

Results indicete that the method of Redlich et al is of grestest
all-round utility. It is applicable to sll substences and conditions
tested herein, and its overall accurscy is superior to the other two

methods. 1



The method of Edmister and Ruby takes only 1/3 the time but appsers to
be limited to the light hydrocarbons for which 1t wes derived. Its
eocuracy ia generally the equal of that obta&nabla by Redlich's method.
The method of Joffe takes 20% longer than that of Redlich et al, and
vhile also of all round utility, seldom spproaches it or the method of
Edmister end Ruby in accurscy.
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EREFACE

The methods of Joffe, Bdmlster and Ruby, and Redlich et al for
predicting vepor activity coefficients for components of a gaseous
mixture from pressure, temperature and composition date were applied

to four systems for which experimental values were availsble in the
literature,

I would hereby like to acknowledpe and express my sppreciation to -
Dr. Joseph Joffe, who sugpested the toplc and helped immessursbly
through his timely assistance and advice.

Dr. Otto Redlich who furnished data from which time saving charts
could be plotted.
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INTRODUCTION

The fugacities of components of geseocus mixtures are useful in
studying chemical equilibris and phase composition. While this property
msy be determined experimentally for each component from mixture P-V.T-
composition data, thermodynamic methods for prediction have great util-
ity vhere experimental data sre not availsble, or for extrepolation and
interpolation.

A basic thermodynemic spproech is the Lewis and Randsll Rule for
Fugacity, based on the law of additive volumes. It states that the
fugacity of a component is egqual to the product of the fugacity of the
pure component at system tempersture and pressure times its mol frection.
However, this rule loseg accuracy as pressure increesges, and more ad-
vanced methods are required.

™iree such methods have been selected for evalustion in four binary
gaseous systems for which experimental values of component fugacities have
been determined (9, 17, 21, 23). Both the experimental end predicted re-
sults are preserted in the form of activity coefficients rather than fugs

cities (Tables 13-45). The activity coefficient is defined as a compo~
nent's fugacity divided by the system pressure and
(Bq. 1)

neat mol fraction,

$n = mfey, (Eq. 1)

Before discussing the three methods of calculation tested in this
paper, further background on the utility of fugscities and activity co-
efficlents is in order. Couponent fugncities can be used to predict the



Thermodynsmic equilibrium sonstant K for gasecus reactions as defined
by the relationship

ke = (£3) (f3) (8q. 2)
(£1) (£2)

vhich is based on the typicsl remetion 1 # 2 = 34 &, This wes done
by Joffe in his peper (15), Also, activity coefficients for each coms
ponent in each of the coexisting phases cen be used to predict K'a
valves (vaporization equilibriwm constants) for each component in vspor-
liquid am. Existing correlations for predicting component K
values (vaporization ratios) directly without the intermediate caleules
tion of setivity coefficients for each ybase are velusble, but it is the
feeling of the suthors of (7) and (19) thab the more basic spprosch des-
eribed belov is preferuble.

It 18 felt that the value of thermodynamic analysie lies in extending
easily obtained experimental values for binary mixtures near atmospheric
pressure to multi-component systems at higher or reduced pressures. A
vapor phase activity coefficlent for each component and another activity
cosfficient for each component in the liquid phase would be the most uses
ful forms of fundamenta. usta, free from the limitations of the original
experiment. The activity cosfficient of the vapor wuld reflect only the
properties of the vepor phese and would not depend on the liquid phese,
and conversely., Each could be manipulated to give partial thermodynamic
prepevties of the components in both phases, and could be cosbined to
vieid K'«valuee, {See Equstionm 5) Correlstions of Xevalves, vhile
valusble for predicting phease equilibris, have the disadventage that they
cannot yield activisy coefficients for either phase and thus camnot predict



partial thermodynsmic properties. mmm.mmmxmam
ponent of a mixture i3 defined as the ratie of its mol fraction in the
vepor phase to its mol fraction in the liquid phase.

Ky = ¥n/% (2q. 3)
Since the coexisting phases are in equilibrium when f3 = fy, f.lm&fv
e I,

? mgn
can be ealculated from PeVele composition data on mixtures, using thermoe
dynamle relationships snd au eguation of siate. Values of yp and x, are

obtained from vepor-iliquid equilibrium date.

Por correlation purposes a vaporization equilibrium constant K' is
defined by Equation {5) for & given component {subscript n cmitted).

| 4 nE’lf?‘ :lj Pt
/%y F (Bq. 5)

In Equation (5), £3/P'; is the sctivity coefficient of the com-
ponent in the liquid phase snd f,/py is ite activity coefficient in the
vapor phese, PY/P is the Reoult's Law Kevalue, vhich is defined as the
vapor pressure of a cosponent et temperature T, divided by the total sy
sten pressure et that tempersture. The dencminstor of each activity
coefficient may be considered its stendard reference state. For the
liguid phase this will be the partial vapor pressure (Racult's Law)
and for the vapor the partial pressure (Dalton's Law). These choices
of standard state are logical and convenisnt since the ratio of activity
coefficients is then a correction term for the Reoult's Law Kevalue, PYP.



Serious attempts have been made to achieve prediction of K'wvaluss
by Piret predicting an sctivity coefficient for each phase. Among other
investigstors, Edmister and Ruby (7) aud Redlich et el (19) have present.
ed methods for this evalustion. Their liquid phase calculations are not
amammwrummnmemozmmmn
ivity coefficlents. Nevertheless it sbould be kept in mind that the ule
timate intention of (7) and (19) in their pepers is to successfully pre-
dict l_{',. This paper is to determine the spplicability of their vapor
phase correlations to prediction of component sctivity coefficients in
the four purely gasecus systems. A brief check of the vapor correlation
on the two two.phase systems is undertsken only perenthetically. Multi.
eccmponent systems have been omitted from this peper due to 1ts limited
scope.

The four gesecus systems selected are listed below, with the desige
nation used to indicate each in the balance of this paper.

A. Argon < Ethylene (9) ~- SystemA - E
B, Hydrogen « Nitrogen (17) »~ System H « K
C. Methane =~ Ethane (23) -~ System M « E
D. Methane - n - Butane(2l) -- System M - B

The three methods used for predicting activity coefficients are listed

below, with the designation used to indicate each in the balauce of this
paper.

A. Method of Jofse (1:) - Method 1

B. Method of Bdmister and Ruby (7) - Methed 2

C. Method of Redlich, Kister and Turnouiast (19) - Method 3



The experimental values werc determined by the suthors of the refere
ence articles in basically the same fashion for each of the four systenms.
The total or apecific volume of gaseous mixture wes messured and from
this the partisl volume of esch compovent calculated. By grephical
intergration of this or another partial property with respect to system
presgure, the free energy, fugacity or activity coefficient of a compo-
nent wvas determined. Free epergy was converted to fugacity by the rew~
lationship.

log £ = rn/a.soa RT (Bg. 6)

Variations and ccsbinations of the above procedures were used by
the authors of the 2mrmsatam, in each cage ubilizing experi-
mental P « ¥V - ¥ « composition data. The volumetric data of Masson and
Dolley (16) was comverted to component free energles by Gibsen and Sco-
nick {9) for system A - E. The volumetric dsta of Bartlett (2) were
converted to fugscities by Merz and Whittaker (17) for system H - K,
Sage and co-workers performed all experiments and caleulatiens to report
fugacities for systems M - B (23) and M - B {21).

Data were found in the literature for several systems experimentelly
determined in the two~phase or vapore-liguid regions, Smoothed P « V ~ T =
composition values and activity coefficients for Bthane - Ethylene vapor-
1liguid equilibrie were reported in (10) and vapor fugscities vere caleus
leted in the conventional manner from volumetric dsts of York (26) and
of Barkelow et al (1), e other system was that of Methane and n-Butene
in the two phase region (22), with the vepor fugscities established using
some unpublished date. These two systems have been segregated from the
four purely gaseous systems.



Ouly limited csleulstions on these systems have been made in the presenmt
study by the three methods, in view of the disappointing results, and will
be Pound lebeled System "(E ~ E)' vel for Ethane-Bthylene and System
{4 « B)’ vel for Methanme - n Butane.

Methods 1, 2 end 3 have been spplied to 255 points in the six systems.
m'smxmwummuwwwm,mw
vapor corvelation of (7) and (19), Methods 2 and 3 respectively, are
briefly described below.

Method 1 involves determining a fugeeity for the mixture based on

generalized charts and Kay's molal psendoreduced relatiouships for mixe
tures. The fugacity of & couponent is caloulsted by applying two correcte
ion terms to . in eguation 8, round on pege 10.
Beach is based on the deviation of the compoment's critical constants from
the peeudowcritical constants of the mixture, and on the magnitude of the
mixture's compressibility factor end esthalpy correction due to pressure,
Z, snd A B/T,, sre resd from generalized charts at the pseudoreduced mixe
ture properties, as is the value of f .

Method 2 has &s 1te basis the fugmoity values of Benedict et el (3)
for twelve light hydrocarbons, at pressures of up to 3500 pei. These
wore given in (3) on A 276 charts, Edmister and Ruby (7) have reduced
the numder of charts to six, dased on & gereralized correlatiom giving
vapor and 1iquid activity coefficients as functions of Ty, Ppy 8nd byy
{reduced boiling point). The use of boiling point as a paremeter may be -
considered as taking fnto scoount the sffacts of molecule size.



For mixtures other than the twelve light hydrocarbong, such as napthenes
or aromatics, spplication of en umspecified correctiom for differences

in moleculer character is recommended (7). A special chart is provided
for Methane vapor and another for Methane liguid. Only the three charts
applicable to vepors are used in this peper.

Method 3 is taken from the paper of Redlich et al {19), in which
may be found an excellsnt presentation concerning liquid activity co-
efficients. The present psper, however, treats only the vapor phase
procedure, described next.

Instead of employing the Benedict equation of state which requires
fairly extensive date on pure substances, and somewhat lsngthy caleulse-
tions, some accuracy was sacrificed to minimize calculations and data
requirements by utilizing an spproximate equation of state (20).

R? - & -
P29 TWFPMES (R 7)

Where experimentel dats exist for a specific case the authors (20)
indicste that insertion of this data into Equaticn (7) will lead to im-
proved accuracy for calculations based om this equation. A mmber of
relationships and a subsequent caleulation procedure have been developed
from 1%, including & set of specislized generalized-type charts.

The calculation procedure inveolves use of generalized charts as by
Method 1, special charts having been developed specifically for this ap~
‘plication by Redlich et al. While the accaracy of Methods 1 and 3 is
limited by the fallure of the theory of corresponding states, this limit
is closely spproached by both methods. It is stated in (19) that Method



3 has several practical adventages over Method 1, which thie paper will
attempt to evaluste., They are:

A. Consistency is autamatically insured by algebraic
derivation from an equstion of the Equution (7) type.
Suitable corrvection terms may be introduced where
exparimentel P-V.Te composition data are available.

B, Caleulation of pseudoreduced quantities by linear
coubination is not entirvely satisfactory, while the
combination proposed by Joffe (15) lesds to fairly
complicated calculations.

(Bote: This latter proposal was not used with
Method 1 in this paper - linear come
bination was utilized).

C. With the usual generalized charts, including the
chart for Z, an apprecisble error in interpolaticn
with respect %o T, is Aifficult to avoid because the
functions ere far from linear in Tp. They are however,
roughly lineer in A2/B{Method 3 parsmeter), zo that
interpolation on the special charts entails a minimums
logs of accuracy.

The equations and caleoulaticom procedures for Methods 1, 2, and 3
sre described in detail later in this paper.

It should be noted in conclusion that seversl cther methods of pre-
dicting vepor and liquid ectivity coefficients are available but not



utilized in this paper.

De Priester (5) has improved the Kellogg correlstion charts and
reduced them in mumber to 24, 12 for vapors snd 12 for liquids. Each
pair applies to one of twelve light paraffin and olefin hydrecarbons
through He-Jeptane. For a particulsr hydrocerbon, as part of s mixture,
its ectivity coefficient in each phase is obtained by locating a point
on the proper charts for the systenm temperature, pressure and molsl ave
erage stmospheric boiling point. This method is claimed to have a some-
vhat lower percentege errcr than the Kellogg chartz. It was by-passed
for this paper since its charts would not be strictly spplicadle to the
A-E and H-N systems. Although Method (2) 1s also based on the same 12
hydrocarbons, it was thought that its move generalized nature would make
it applicable Yo other substances as well.

Smith and Wetson (24) have developed e method vhich is basically
& graphical form of the method of Gemson and Wstson (8). This latter
method has s its basis a relationship similar to that of Method 1, but
with an empirical correcticn factor to make it agree with date on light
hydrocarbon systems. Benmett (L) tested the method of Wstson and Smith
(end several others), and logically reccsmenis that it be used only to
predict vepor-liquid equilibria for these hydrocarbens, which rules it
out for use in the presont PAPer.



Method 1 hes as its basis Equation (8), derived by Joffe in his
paper (15)

108 (£,/¥n) = 208 £, 4 (T » Ton) (OB/2) ia 203 2

F (Pog = Pop) (Z-1)
o * Fon) 4y 12.303 Pen (8q. 8)
To evaluste the various terms of Equation (8) it is first nectssary

to caleunlate the pseudoreduced properties of the gaseous mixture, using

Kay's relaticns (Equaticms 9, 10, 11 and 12),

Tom = Smmation (T, ¥,) (8q. 9)
Pem = Summation (Po, 7,) (Bq. 10)
Tem 2 V%m (Eq. 11}
Prm » P[Py (Bq. 12)

Muwwmmmﬂmmmmnmvmzmm
A B/t from three gemeralized cherts. Teble 49 lists the references
in which the various charts used in this psper may be found, end indl.
cates the parameter ranges covered.
Vv, is plotied as a functiom (T, P.)
2y is plotied as & function (T, P,.)
A B/ %oy ia plotted as a function (T, Ppy)

With these properties Equation (8) may be evalusted. Vg is couvert
ed to £, by Equation (13).
tm - vn? (SQ- 13)



To obtain the precision possible for Method 1 it is necessary to
resd the valuss of V, and QAH/T,, very carefully from the respective
charts, and to use logeritims in caleulating the tempersture “correct-
fon term” (11). Note that the sntilogarithm of the left sids of Equae
tion (8) must be divided by P to obtain the activity coefficient .

The evaluation of Equstion (8) for emch component will utilize the
same velues of Vi, % and AH/T,. The (2-7.) and (P Poy) terns,
bowever, will differ in both sign and magnitude from one component to
the other, and the velues of log (fy,/v,) can differ redically.

Method 2

Three special charts developed by Edmister end Ruby (7) are required
for Method 2. These, plus thnee charts used in celeculating activity co-
efficients for liquids, may be obtained for $1.35 end in 83" x 11" size
from:

A: Do I Auxtlinry Publications
Photoduplication Servioce
Library of Congress
Weshington, D. C:

Figares (1) (2) and (3) of Reference 7 apply 1o vepors and were used
in this paper. Figures (4) (5) and {6) of Reference 7 would be used for
liquids. The perameters for both phases are the same and defined by Bqua-
tious (14) (15) and (26).

Trm = %y (Bq. 1)

Prm 5 P/Pop (Bq. 15)

bra = bu/by « SOl sve, stace. 3. 2. P of it (8q. 16)




An intermediste parameter Op is used to relate the two charts to
evaluate $p for either phase. Aside from the calewlations by Equatiens
{1b) (15) auc (16), Method 2 is completely a matter of locsting cme point
on esch of two charts. A deseription of Figuves (1), (2) end (3) 1s
foumd belov. The parsmeter ranges covered on these charts sre listed in
Table 50.

um(l}huhm“iﬂw&immd%umgm(mm. 1,
this psper). O is read by interpolation between lines of constant OX.
It is ued for vepors of light peraffins and olefins other than Methane,
and it is hoped, for other substances judged to possess thermodynsmic
properties quite different from those of Methane.

FPigure (2) differs from Figure (1) enly in the shape and distribution
of the lines of constent Oy, It is used exclusively for Methane vapors
and, 1% is boped, for other non-paraffin, non-olefins judged to have thermo-
dynsaic properties similar to Methane's. This latter type of substence
13 exemplified in this paper by Argon.

Pigare (3) (see Fig. 3, this peper) has P, as sbscisss snd has lines
of O} in the menner of Figures (1) and (2). $nis resd directly es the
ordinute, using & value of O] obtained from either Figure (1) or (2).

This procsdure of caloulating Try, Pr, sad By, resding O} from Fi-
gure (1) or (2), and reading ¢ , from Piguwre (3), is carried out for each
component; ,

Metbod 3
Method 3 has as its basis generalized.type relationships and parsmeters



derived by Redlich at al (19) from Bquation (7).
-~ B 0»5 (EQ' ?)

P=rTh) WA

The constants & and b of Equation (7) are defined as follows for

a8 pure gagi
a » 0,428 B2 (2,) 2:5/p, (2q. 17)
Yoz 0.0867 R %,/¥, (2q. 18)
Further definitions for e pure gas:

A2 5 a/nie®0 (Bq. 19)
B s b/RT (zq. 20)
Z u PV/R? (2q. 21)
For & gaseous mixture, the derived parsmsters are defined as:

A, © 0,658 2on 2/ ¢ 185 p 0.5 | (5q. 22)
By = 0.0867 Top/ T Poy (2q. 23)
A o Sumetion (A, ¥,) (Eq. 24)
B « Sumation (B ¥n) (2q. 25)

Using the resulis of Equations (24) and (25) the quantities A 2/B
and B are calculated. These are used to evaluate thres secondary pars-
meters, either by ealoulation frem Equsticns (26), (27) and (28) or from
three charte appearing in (19) as Figures (15), (16) and (17) (see Pigures
4, 5 and 6, this peper). The three secondary parameters and their defi-
ning eguations are:

10g 2 04343 (g, ~1) - log (%, - BP) - A%/B 1eg (1 4 58/2,)
(Bq. 26)

ue2A%/B log (14 E0/7,) (2q. 27)
v« 04343 (2, - 1) £ 4%/B log (1 £ ®/2,) (Eq. 26)
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These three secondary paremeters snd values from Equatioms (22),
(23), (24) and (25) ere now inserted into Equation (29) which yields the
desired vapor activity coefficient,

g, zlogd-u(y/A-1) 4 v(By/B-1) (5q. 29)

In Bquation (29) it is interesting to note that only the quanti-
ties A, and By, are properties of component "n", all other quantities
{ssve the constant 1) being mixture properties.

If fairly extensive calculations are to be carried cut using Method
31t'umwamzmmmmmmgmm$,um
¥, a8 & time-saving measure. Unfortunately, Figures (14), (15) and (16)
of (9) are not availsble coamsercially at present. However, they may be
QMMMWMMMWmmwﬂWDnO.Wen,
whose current sddress is:

704 Keeler Avenue
Barkeley 8, California

From Figures (&), (5) and (6) of this paper it can be seen that BP
is the abscisss and A2/B 1s plotted es e parmmeter for esch of the three
.M,ammmmummm‘ ,Ifmm
mmmwmxtmwmmmu&mm%wwam
ate Equations (26), (27) and (28). his may be done ss for Method 1, or
pﬂWbypmg&uMMnﬁthB?ummamdAafﬁw
meters., Data for this chert are included in Dr, Redlich's transmittal,
and take the general form shown in Figure (7) of this paper.



Activity coefficients for 236 experimental points have been cale
culated by three methods for both components of four binary gaseous
systams. These calculated veluves are found along with the experiment.
&l values in Tables 13 through k3.

The § deviations of caleulated from experimental values have been
determined and ere presented in Tsbles 1 through 12, These deviations
are grouped by pressure, snd the trends of the deviations indiceted
(% positive). From these % deviaticns and a time study, the general
and specific werits of the three methods hsve been estimated, and ave
discussed under “General Conclusions” and "Specific Resulta”, respects
ively. Also, the value of certain corrections and alternate procedures
has besn tested for Methods L and 3 on a limited scele, and results ave
presented under "Refinements®.

Caloulated and experimental date for 19 points selected from two
vapor « 1liquid syntems are prssented to indicete the unfortunately large
deviations ccourring (Tebles bh and 45). These dats are discussed st the
end of the section entitled “"Specific Resulte™.



These are based on the ¥ deviation reported in Tadles 1 through 12
snd on & tize evaluation perfermed on the N8 calosulations, reported under
"Specific Results™,

Method 3 is in all cases the sost sccurste, sad has no practicsl
limits on severity of reduced conditions. (See tables 45 and 51). It
mey be uesd with all types of gases tested. It requires roughly triple
the time of Method 2, 5/6 the time of Method 1,

Mathod 2 provides an acourate, repid caleulation for light hydro.
carbons, but 1t sppesrs doubtful that 1t can or should b used with other
gasecus substences o for severe reduced etnditions. It is slightly less
securate than Method 3 for Methane in Systems M-E ond MR snd for Buteme
ebove 100 atm. Its limits o reduced conditions are found in Pable 50.

Method 1 is the most time<consuning, snd due to dmbiful sceurecy
and unsvoidsble poor precision in resding generslised charts for A B/T,
and ¥ at severe or even moderate conditions, is the lesst socurste, It
may b used for say gassous substances under any prectioal reduced cone
dftions (Teble 49), but is lses accurate than Method 3 in all cases,
although taking 20% longer.

As can be seen from Teble 49, & mmber of gamralized charts are
necessary to apply Nethod 1 to various systems. Selsction is Desed o
wkening parameter ranges of the system end churts, and on experience as
to vhich chart will lead to a minimm of error,
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The relative utilities of the three methods logically seem to be
fumotions of their chronclogical sppearance and their theoretical and
smpirical aepects,

Method 1 sppearsd in 1948 with its contribution being the special
thermodynemic relstionship derived by Joffe. To evaluate this equation
{Bq. 8) it is necessary to use values resd fram three generalized charts,
each having been in existence for goms years and primerily intended for
other wmore basic applicetions. For moderate and severe reduced conditicns
their admitted poor precision 1s included in the evalustion of Equation
8, in not one but three plates, nemely Z, V, and NE/T,, snd sizesble
errors may be expected.

Method 2 weas published in 1955 and 1is based on extensive correlatioms
of experimental data for twelve light hydrocsrbona. IEM facilities were
specific vepor cherts to the three general ones used in the pressnt peper.
Boiling point was added to temperature and pressure as o third reduced
property to serve as parsmeters. |

Method 3 sppeared in 1952, The inherent shortcomings of generalized
correlations were oritically W‘hy the suthors, snd their complex
set of equations, .psrmmeters and charts developed from extensive liters
generalized shorteomings, and include making linear interpolation poseible
over all ranges.

To sumarise, Method 1 is an early attenph t0 use existing gemeralized



charts by means of a special thermodynsaic relatiomship. Method 2 is the
result of a most recent condensetion of experimentsl data for twelve
light hydroesrbons. Method 3 is a recent combinstion of a new concept
of gemerslized correlsations based on experimental date for a variety

of subgtances.

It appears that the advantages claimed for Method 3 in the "Intro
duction” have been verified. Further, the value of esch method for cale
culating geseous activity coefficients sppears to be proporticssl to
the eamplexity and scope of the original work done by the respective
authors.



EBSULTS (SPECIFIC)

A. Time Required for Each Method

To eatablish these data a record was kept of the hours required to
caloulate activity coefficients of 56 points for the MB system, stert-
ing with P, T and y data. Since this system was the laat to be caloulse
ted and had & large mmber of points, time per point dbenefited from both
experience and from economies of mass production. For caloulations by
those not as Tamiliar vith the procedures it is believed that vhile the
relative times of each method would remain essentially the seme, the sct-
ual time per point would increase.

Method 1. 9% hours 10.2 min./point  3.45 times lomger than
Method 2
2, 2 3/k wours 3.0 min./potat 1.0
3. 8 hours 8.6 min./potnt 2.9 times longer than
Mathod 2

B. Severity of Beduced Comditions for Bach System

By reference to Tebles 46 threugh 51 it is posaible to determine
the spproach to chart limits of reduced conditicms snd derived parameters
for each systen by esch methed. Mild conditions may be normally expected
1o lead to small errors, vhile systems nsar chart limits (severe condite
ions} will vsually invelve higher errors by caleulstion. Generalizations
sa to parameter severity encountered in each system are found below.

1. A - E. For Methods 1 snd 3 only some values of [\ H/Te could
be considered severe. Results should be good. Method 2 shows mild cone
ditions, but use of the Methane Chart for Argen is un experiment of un~
predictable accuracy.



2, B« N. Vory severe conditions for Method 1 with the exowption
of AN/T,. Method 2 not agplicshle = %,, P, and by, sll off cherts,
Nethod 3 has high B P. vmluss, but other pareseters are low. low errors
- mey be sniicipated for Hethod 3.

3. N« E, MNoderste to severe ¥y snd AR/T, values for Method 1.
Up to moderate persmoter values for Nethod 2, Fairly severe log &
and u values over linmited renge for Method 3, Overall high accuracy
Bey be expected fro: Methods 2 ond 3.

by % - B. Slightly more severe V, and NN/T., valuss than N - E
for Method 1. MOSerste to severe Method 2 paremeber values, Msihod 3
pareneters approximete most severe ¥ - T parmmters. Nethods 2 and 3
should e caly slightly less sccurste than for X - Z.

C, Hasulls by System

pressure en % deviciion can be uads,

2, Yo lower 5 componemt's mol fraction the groster will be 1%s
devistion from sn activity ccefficisnt of 1,0,

2, Toe higwr tha system pressure { snd in some cases the lower
1ts tesyperature) the greater will be the devistice fromde 1.0,

3, ‘e greater ¢ 's devistion frem 1.0 the grester will be the §
of davisticn of esloulsted from axperimental valuas, This efe
foct in reduced when ¢ i grester than 1.0 but will be grestly
sxsgerreted by § deviation Yor values of ¢ spprosching 0.0, since
% devisbicn 1s caleulated by aividing the error by the experim-
sntal velus,



If, for exsmple, the experimental value of ¢ is 0.1, and by caleulation
1s 0,11 (an error of 0.01), % deviation g £ 10%. This effect, primarily
dua to high Methane mol fractions, is responsible for the excessive %
deviation reported for Butane in System M - B.

Several gerersalizations may also be made regarding Method 1.

When the 4 deviations of one ccmpovent are opposite in sign to
those of the other it may be assmumed that the correction terms are too
large or too small. Since the pressure correction term is seldom sppre-
ciable the AE/T., value read frem the chart is probably st fault.

When the % deviations of both components have the same sign, the
probable cause is the value of V, read from a chart,

A slight error in reading V, sud A H/T,, chart values cen lead to
sn apprecisble exror in @ . This factor and the failurve of the theory
of corresponding states can lssd to large errors wnder severe conditions.

The slight isprovement in % devistion for System A ~ B over Joffe's
values (15) are probebly due %o use of the most recent [\ H/Tym chart
from (6).

Where two or more of the methods give ¥ deviations of the same sign
it may be sssumed that ell include the sams generalized error or that exe
perimental results may be at fault.

e Results by System
1. System A - E, %a@mxmbymmmmmm; T™his



is due to fairly low pressures and a symmetrical mol fraction patiers of
0,2, Ok, 0,6, 0,8, The use of Fig, 2 (Methene Vepors) in Method 2 to
determine 0V for Argon gives much better results than the use of Pig. 1,
but is still & poor spproximstion, The ervor for Ethylene by Method 2,
howevar, is lowest, indicating that a hydrocarbon component mey possibly
be caleulated accurately in the presence of a nn<hydrecarbon by Method
2, Devistions by Methods 1 and 2 are generally positive, and are genen
ally negative by Method 3.

2, System H - N, Experimental valuss of b ranging up to 2.3 and
2.1 for the two components represent very severe teasts for the caleula.
tion methods. Excessively high pressures are encountersd. A symmeiri.
cal mol fraction pattern of 0.2, 0.k, 0.6, 0.5 minimizes the % devis~
tion effects described at the beginmning of this section.

Method 1 is relatively hopeless until the peeudceritical constanmts
of Newton (18) are used ss described later under “Refinements”, Excel-
lent results for all pressures below 800 stmospheres are cbtained by
the Newton refinement, especially for Hydrogen. However, even these
values are in muech greater error than those obtained by Method 3, which
gives surprising sccursacy up to end including 1000 atmespheres. It is
interesting that the use of NHewton's pseudoeritical ccustamts for Method
3 actually decressed its accuracy, most markedly in the case of Hydrogen.
Since llam‘.s refinement involves revising Hydrogen's critical propert.
fes 1t is ot surprising that this ccuponent surfered or gained the most
through its use.




23

Deviations by Method 1 are generally positive apd by Mothod 3 genwrale
1y negstive, Method 2 cannot be tested cn System M - ¥ since all chart
poarsmeters are widely exceeded dus to the very low criticel constents and
boiling points of Byfrogen snd Nitrogen.

3. System ¥ - &, -e 112 points
A fairly sysmetrical pattern of Methane mol fractions of 0.32,
0.56, 0,74 and 0,88 and rether high pressures (4 of 7 over 100 atmos)
give rise to large % deviations. ¢ for Ethane dips as low as 0.2 st 0.32
mol fraction Methane.

Method 1 gives % deviations Tor Msthane which sve mueh higher, and
% deviations for Bthane which ere only slightly higher, than those cal-
culated by Methods 2 and 3. ¥ devistions are positive for Methane and
negative for Ethane by all methods, with the exception of y, « 0.882,
whers % devisiiocns for Ethans also become positive, Method 2 is opbimm
for caleulating M - E Systen activity coefficients.

he System M « B «« 56 points

Due to the nature of the system, single phase gssecus data mwt
be taken &t high Methene mol fractions, which everages 0.81 for points
ecalculated. This factor and falrly high pressurea yield Butune activity
coefficlents as 1ev 88 .0,06. % deviations for Butane are therefore ex
tremely hig‘b. vhile Methune gives very low omes. Another contributing
factor to this situstion mcy te the wide differemce in the critical pro-
perties and boiling points of Methane and Butane.



Methods 1 and 2 give results for Methane which are compersble and
contain a grester error than those of Method 3. Method 1 gives a cone
sistently higher error for Butane. Method 2 keeps pace with Method 3
for Butane except for pressures over 125 stm, particularly et tempers-
tures below 100° C.

4 deviations for Butexne are positive for all methods., Methane %
devisticos are generelly positive also.

D, (B - E}vi and (M - B)vy, System Results

Caloulsted snd experimental ¢ values are presented in Tables kb and
k5. % deviations have not been caloulated. The data on System (B - B),
indfcate that Methods 1, 2 and 3 check each other very closely but do not
chack the experimental values for either component, From Tebls k6 it
csn be seen thet reduced properties sre all below 1,0, definitely s con
tributing factor to the large discrepanay.

For System (M - B)yg Methods 1 end 2 check esch other fairly well,
but except for either extreme of pressure, do not check experimentsl vals
ues, Caleulations heave not been performed by Method 3, Values for Methsane
ave oot greatly aut of line but show e contimuous trend below experimens
tal, Values for Butane, on the other hand, are consistently much higher
then experimantel values.

These discouraging results, while very, very limited in scépe, reise
& question as to the value of Methods 2 apd 3 for caleulating XK' values
from an setivity coefficient calculated for sach phase,



1. In applying relationships based on genmeralized correlations
%o Hydrogen and Helium, better agreement (18) with experimental values
is obtained by using modified reduced conditions calculsbed from the
equations: Tr u /(T # 8) and Pr g P/(P; £ 8)
shere T o %K and P o atmos.

In the work reported herein, System H - N has been evalsated
hy Methods 1 end 3, first by using the exsct values for Hydrogen, Pe g 12.8
and T, 333‘3,andnextbymmémdwaudmﬁm¢sﬂmlmot
Pp 212.8 £ 8 » 20.8, 8nd %, = 33.3 4 8 2 41.3. Results by the latter
method are listed in Zebles 3 and 17 through 24 under "H - ¥ pseudo”.
As noted earlier, this revision helped Method 1 securacy but decreased
it for Methed 3.

2. York snd Weber (27) have proposed s correction factor to
be ppplied to the A\H/T., pressure correction vead from generalized charts.
It is limited to & range of T, of from 1.0 to 1.6, and is determined from
the relationship & = (To/370)°, vhere n 18 & function of T,. In this peper
a modification by Hougen and Watson (12) has been sdopted, with their vale
ues of n shown in Teble 53 as applied to their relstionship S (T,/470)0.
To test iis effect on results caloulsted by Method 1 it hes been spplied
to 56 points in System M - E for yy - 0.319, and 0.555, vhere Tyy lies
between 1.0 and 1.6,

Table 54 presents @ correction factors for System M - B. Tables 55
through 62 give s detailed listing of sctivity coefficients caleulsted
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‘with snd without the © correction. Teble 63 swmarizes % deviations with
and without the correction, It can be seen that use of the correction
factor inproves accuracy 25% for Methane and 35% for Ethane,

It thus sppears that if Method 1 must be used rather then Methods 2
or 3, the expenditure of time in caleulating the correction is probably
Jumuificd by the insreased accurscy.

B. Method 3

As indfocated in the “Equations and Calculation Procedure” sectiom,
the upe of Figs. b, 5 snd 6 may be amitted for evalusting log ¢ , u and
¥, and these quantities calculated from Equations (26), (27) end (28),

Theue equetions have been used to test sctivity coefficients evalue
ated using the charts. 21 points in System A « E snd 20 polnts in System
H - ¥ evalusted by each procedure show that use of the equstions gives

nt in accuracy of 0.2 % deviadion: umits, This is &
peglikible increase for the time expended, and charts sre greatly to be
preferred vhensver a sufficiently large muber <f caleulations will be
mede to justify plotting them.




A péint has been selacted at rendom from the M-E system to {llustrate
in detsil use of the eguations and charts reguirved by Methods 1, 2 and 3.

The dats found in the literatare (23)

T 2 130° F vt fractien Methane g 0.2

P g 2750 peta £/yP « Methane 3 0.958

- Bthane » 0,372

Wt. fraction is converted to mol fraction ~ 0.319
Changing wits for T and P,

* becomus 327.6 degrees XKslvin

P becomes 187.22 atmospheres

With only thess three defining properties it is possible to calculetw
the activity coeffiocient of each component by the three methods. A ver-
ticel tebular form of ealoulstion proved efficient for evalusting the vare
fous quentities involved. The symbols evalusted are listed below at the
far left in the exact vertical order umed throughout the calculations.
The tabls, chert or furmula used for evaiustion is shown to the right of
the symbol, followed by muerical substitutions where indicated, The
oumerical valuc of the symbol is found st the extreme right.

Before work can begin on this tabulation, (14) or snother suiteble
source is consulted for compement critical properties and boiling point,
Por this systen -



7, (%K) Py (atm) b (k)
Methane 190.7 45.8 11.8
Ethane 305.3 48.8 18k.9

FMethane will be referred to as conpoment 1 in gubscripts, Bithens ss 2.
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%, -1
(PomPc1)/2:303 Py
Tem ~ Toz

(Tp = o3 )/2.303 BT
OB/Ty

THE TABULATICN

Summetion(T oy, )
Summation{P qom )
System Property
Bystem property

YIm

Gen, Compress Chext

Geperalived Chaxt
Generunlized Chart
Vo P

{190.7) (0.319)# (305.3) (0.681)
{ 45.8) {0.319)4 ( 48.8) (0.681)

327.6/268,7
187.22/k7.84
W7.8% - 5.8
{25) . 308 rig, 3
0.62% - 1,000
2.04/(2.303) (47.84)
268.7 - 190.T
78/(2.303) (1.987) (327.6)
{6) P. 140 Fig. 48
(13) Mg, 2
0.h93 x 187.22

(11}, er any log tables

268.7 %&
47.54 atm.
187.22 stm.
327.6 %
1.219
3.916
2,0k atm,
0,624
-0.376
0.01854
78.0°K
0.0380
5T
0.493
92.31 atm.
1.96525



Texp. cormn Egm - 5@1):;2¢§3 % L_Aaffw} {&5‘39) {5.75) 0.33365

Sum of two previous lines 1.96525 £ 0.33365 2.29890
Press. cormm E?m - Poy //2.303 rﬂ; (zy - 1) (0.01854) (- 0.376)  ~0.00698
log {£1/¥1) | Sum of two previous lines  2,29890 - 0,00698 2.29192
£1/n1 Antilog (2.29192) 195.85
b, /%P 195.85/187.22 1.047
P = Poz k7.84 - 48.8 ~0.96 atm
T - Te2 268.7 - 305.3 - 36.6%
Tom = Top/2.303 BT (~736.6/(2.303) (1.987) (327.6) -0.0272
Pon = Pop/2.303 Py (~)o.96/(2.303) (47.84) - 0.00872
log £y Repeat from eleven lines above | ~1.96525
Sesg. Corm Erem A % By (00 (5.7 0.15640
Sum of two previous lines 2.96525 « 0.156k0 1.80885
Press. corrm. [P = Pe2)/2:303 2 [ (2r2) (= 0.00872) (-0.376) 0.00328
log (£2/yn) Sum of two previcus lines 1.80385 £ 0.00328 1.81213
22/¥2 Aotilog (1.81213) 64,88

bz 2o/yP 64.88/187.22 0.346



swmation (byy, ) (12.8) (0.319) £ (18k.9) (0.681)
by 161,6/111.8
/%, 327.6/190.7
Fig. 2
PP 187.22/45.8
Fig. 3
by/by 161.6/18k.9
/%0 327.6/305.3
Fig. 1
P[Py 187.22/48.8
Figs 3
190.7/327.6
1/k5.8
0.0867 To3/™0q (0,0867) (0.5817) (0.02184)

161.6%K
1.6
1.79
2.475
h092
1.058
0.874
1.073
1.083
3.841
0.370

0.5817
0.02184
0.001102



(ch/!) 3.25
(1/Pez) 03

(0.5827 Y%
(g,m}“‘g
(0.6502) (21" 2/8 %2 1% (0.65m) (0.5078) (0.2078)
305.3/327.6
1/48.8
(0.0867) {0.9319) (0.020k9)
(0.9319) 125,
(0.02049)°>
(0.6552) (Tep)* 25/ PR 507 (0.65u1) (0.9157) (0.3032)

{0.0867) ?ca/ﬁeg

Sumation (2,) (0.001302) (0.319/ (0.001656) (0.681)
Sumation (Ag) - (0.0k91k) (0.319) /4 (0.08574) (0.681)
(0.07416)%/ 0.000k79
{o.00u79) (187.22)
{o.0k01k/0, T16) - 1.00
Pig. 5
(0.001102/0,003479) ~ 1.00
Pig. 6
Fig. b

0.5078
0.1478
0.0koLh
0.9319
0.02049
0.001656
0.9157
0.1k32
0.08574
0.001kT9
0.07h16
3.79
0,277
«0.336
1.143
- 0,255
0.430
=0.30670



Blom.

Ay corm.
10z &,

$i
(ay/A} - 1.0
(Bo/B) - 1.0
108 ¢

A, corr.

Sume of 2 previous lines

108 ¢z
bz

% Deviation

w[tay/®) - 1.00]

- u@&ljh) - Lﬂ

Fig. b

- uEAQIA) - 3.%

(o -2

(0.530) € - 0.255)

= {0.30670 £ 0,10975)

- {1.143) (+){0.336)

- {(k16h5) £ 0.38400

antilog. (0.96755 = 1.0)

{0.08574/0.07416) - 1.0

{0.003656/0.001479 )=1.0

see 8 lines sbove

- {1.143) {0.158)

- {0.30670 # 0.18080)
{0.530) (0.120)

Sum of 2 previcus lines - {(0.48750) £ 0.05160

Calc. - W}
Bxper mbg 0. 367 = 0,

sntilog (0.56410 - 1.0)

<0, 10975
0. 41645
0.38400
«0,03245
0.928
0.158
0,120
=0+30670
~0,15080
~0. 48750
0.05160
~0.43590
0.367
0.367

- 1.35%



FIGURE 1

o' vs. Ty and by for Hydrocarbon V
Method 2. Appesrs as Figure 1 in (7)

!
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- FIGURE 2

8V va, %, and b, for Methane Vapors
Method 2,  Appesrs as Pigure 2 in (7)

v ——




FIREE D

¢ ve. P, and 6V for Hy@rocarbon and Methane Vapor
Method 2.  Appears as Pigure 3 in (7)
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FIQURE b

T’;“»WMA?/E

Log _ ,
Method Appesrs es Fig. 15 in (19)

)

—_—
0
S Lines oF Constunt AYB

G

B
FIGURE
u ve. BP a2/
Method 3. Appears as Fig. 16 in (19)
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FIGURE 6
v vs. BF ad A%/B
Mothod 3.

Appears as Fig. 17 in {19)
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Devistion of Caleulated AcELs
Argon - &bhylgm Mixtures at 25°

refficients :G'm Experinental

(kmixﬁma»mlrrmon&rgm 02,0.&- 0.6, 0.8)

Ave, $ Deviat Ar, Ave, % Deviation, lene
Method 1 2 m’%—-—
peviat. (§) 95% 58% 17% 1009  33% 75%
Preg. Atmos. »
10 0.35 0.2 0.35 175 1.37 1.23
20 0.69 0.87 0.72 3,01 1.h3 2.11
30 0.8k 1.9% 0.96 2.96 1l.12 2.01
ko 1.20 2.8 0.7% 3.8 0.8 2.00
50 1.23 3.54 1.06 3.36 0.62 1.35
50 1.15 b ko 0.95 3.8 0.58 1.2
80 1.16 5.15 1.29 2.96  1.72 0.82
100 1.15 #3,73 1.91 2,68 2.98 2,10
125 1502 *’M&} 3.01 1:5!‘ 3;92 3038
Ave, for sll | '
36 Points 0.98 3.10 1.22 2.77 l1l.62 1.81

# Not including 0.2 Argon mol fraction



TABIE 2
Devistion of Calculated AcTIVIEY Cosfficients From Experimental
Using True Critical Conatante of Hydrogen
- Hydrogen « Nitrogen Mixtures at O dagrées C
(b mixtures ~ mol fraction Hydrogen « 0.2, 0.4, 0.6, 0.8)

Ave. % Devistion, Eeiromn  Ave, % mgtm, xmgm

Method ,
Deviat. (4)  88% - 56% oh% - 13%
Pres. Atmos.

50 1,10 1.76 2.2 0.46
100 0.hs5 1.82 3.9h4 0.76
200 h.76 Charts 1.09 2.96 Charts 1.50
300 9.88 Do Hot 1.3 3.36 Do Bot 2.7
Loo 14,1 Include 1.hb T.25 Include 3.6k
600 2.1  Tis 1.8 10.15 ‘This 5a.12
800 384 Renge 2.99 19.5  Range T.19

1000 55.7 k20 15.7 9.19
Ave, for
all 32

Points 8.8 2,07 8.271 3.82




LA

Ave, 5 Deviation
Ioepen, Treen

Using Fgeudoeritical cmtmta of Hydrogen
Rydrogen - Nitrogen Mixtures at O degrees C
(b mixtures - mol fraction Hydrogen = 0.2, 0.4, 0.6, 0.8)

Ave. % Devistion, Nitrogen
2 3

Method 1
Deviat (4) 91% - 0% 75% -
Prea. Atoos.,

50 0.68 2.84 0.67 0.46
100 1.65  Charts 4.03 1.90 Charts 0.92
200 2.29 Do Not 5.65 0.9% Do Not 2.63
300 1.5 Include 7.38 1.2  Include 3.83
koo 2.05 This 9.05 k07 ‘This 5.17
600 2.10 Range = 12.06 6,57 Range 7.68
800 12.74 15.51 17.7h 9.77

1000 20.60 19.25 20.90 12.68
Ave, ﬁ
Points 5,445 9.7 6.78 5.39




TABLE 4
Deviation of Calculated ActiVITY UGErficlents From Experimental
Methane ~ Ethane Mixtures - Summery for 21, 5hk.5, 88., 121.3 degrees C

(4 mixtures - mol fraction Methane  0.319, 0.555, 0.738, 0.882)
Ave. § Devigtm, mgm Ave, % Devistion, Et!%am

Method 1 1 -] :
Deviat. (4) 95% 8hg 93% 29% 1% 37
Pres. Atmos. _
17.02 1.70 1.02 0.55 1.05  1.51 1.00
51.06 ko3 2.9 1.32 3.23  2.33 2.30
85,10 5.78 2.49 2.1 k.g1 3.60 3.75
119.14 T.47 2.69 2.81 5.91 h.57 k.01
153.18 9.27 3.9 3.56 6.66  5.13 5.16
i87.22 10.52  h.69 %.30 7.5L  5.33 5.98
221.26 1191 5.9 4,64 8.3 6.34 6.35
Ave. 115

Points T.24  3.28 2.76 5.39 ka2 b.21
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Deviation of Caloulated AetTviM stficients From Experimental
Methane - Ethane Mixtures &t 21 degrees ¢
(4 mixtures - mol fraction Methane « 0.319, 0.555, 0.738, 0.882)

Ave. % Deviation, Methane Ave, % Devistion, Ethane

Method ‘ I 2 3 2 3
Deviat, () 79% 80% 8hs 3% 39% 57%
Pres. Atmoe,

17.02 1.1 0.62 0.97 1,01 1,43 0.92

51,06 1.66 171 0.81 3.30 2.02 1,48

85,10 o3 1.63 1.85 5.20 4,11 3.7h
119,14 3,79 l1.79 2.93 6.25 6.18 6.10
153,18 b2 2.76 3.54 5.67 6,02 6,91
187.22 6,95 3.96 6.16 5.7 5.46 8.32
221,26 8.43 5,10 7.38 6.96 7.3% 8.95
Ave, 28 ‘ ‘ '

Points b,39 250 3,38 W88 465 5.2




' TABIE 6
Deviations of Calculsted ACEIVITY Coefficients From Experimental
Methane ~ Ethane Mixtuves at 54.5 degrees C
(4 mixture - mol fraction Methane » 0.319, 0.555, 0.738, 0.882)

i

Ave. % Deviation, Methane Ave. % Devietion, Ethane
i 2 3 -]

Method 1 3
Deviat. (#) 1006  T9% 93% 5%  32% 306%
?m. Atmos .
17.02 1.97 1.28 0.59 1.27 1.87 1.4
51.06 5,35 2.61 1.38 3.38 2.58 2.91
65610 l‘m?s 2.38 1&% 5*62 3031 3‘39
119.1% 7.02 2.0 2.62 5,60 3.28 4,33
153.18 8.99 .43 3.83 6.7 3.Th 3.50
187.22 8.73 k.60 3.54 7.08 k.02 L,26
221,26 10.05 6.50 3.13 8.2 5.8 5.03
Ave, %

20% 6*55 3.39 2.4 S3.31 3.&3 3.1




k5

Deviation of Calculated Activity Coefficients From Experimental
Methane -~ Ethane Mixtures at 88 degrees €
{b mixtures - mol fraction Methane g 0.319, 0.555, 0.738, 0.882)

Ave, % ﬁaﬁgtimf Methene Ave, % nam%tm, Ethane

Method I 3 1
Deviat, (§)  100% 864 95% 32% 25% 5%
Pren. Atmos,
17,02 1.85 1,15 0.33 0,03 1,84 1.02
7
5106 .85 2.29 1.39 2.98 2,53 2.7 A
B
85,10 6,68 2,85 2.24 ke 3.5 .04 1
B
119.14 9,21 3,19 2.66 5.60 4,13 .84
, 7
153418 3..1..?1 kq& 30’4& 6087' 5'15 5;02
187.22 12,91 5.1 3.71 8.7 5.48 5,40
221,26 14,55 6.57 h,07 9.13 6,08 5 .04
Ave, 28 |
Points 8,84 3,67 2.55 5,50 b2 @ 3.98
Deviation of Calculated Activity Coefficients From Experimental
Methane « Ethane Mixtures at 121.3 degrees C
{4 mixtures - mol fraction Methane s 6.319, 0.555, 0.738, 0.882)
Ave, $ Deviation, Methsne Ave, ¢ Devistion, Ethane
Method 1 B 3 R 2 3
Devist, (¢)  100% 89% 200% 25%  25¢% 254
Presg, Am;
17.02 183 1.0 0.h1 0,98 0,9 0,90 ¢
A
51,06 5.26 2,15 1.68 3.2 2,20 2.33 B
L
85,10 T.67 3.18 2.50 4,59 3.37 3.81 g
119.1h 9.85 3,76 3.04 6.08 4,69 4,38 8
153,18 1.6 L.22 3hk 7.38 5,62 5.20
187,22 13.47 4.9 3.78 9.08 6,36 5.92
221026 l’hﬁa 5&80 3'96 9«:"’9 6Q66 6937
e, 38 '

Points 9,19 3,56 2,69 5,83 4,26 b3




m-nmm wmmd,s&.ﬁ,&&.mﬁmﬁ deg. C
{8o. of Mixtures ss Indicated - Aversge mol fraction Methane = 0.81

Ave, % Deviation, Methane Ave, % Devistion, n Butane
Method 1 ] 3 "1 2 3
Deviat. (§) N Ls% 55% 100% 100% 100%
Pres. Atmos.

6,81 (8)y 1.01 0.8 1,08 6.28 4,65 5.60
13.62  (5) 148 1.2 0.92 12,36 7.93  10.20
20.%3 (3) o912 0.8 0.45 15.67 7.43 1.3
21,23 (6) 1.05 1.02 0.5 28.39  18.52 2126
3%.05 (5) 192 1.73 1.03 28,25 202 2391
5k A6 (2) 1.8 1,36 1.12 41,00 20,43 24,95
68.30 (€) 3.1 3.27 179 50,3 28,3 34.93

1025 (5) 1.9% 132 1.6 5043  29.51  33.28
136.2  (7) 342 k9o 0.62 T1.48 51.06 k2,20
1725 (1) 5.00 k30 2.8k 50,5 0.7 29.5
20h.3  (8) 3.32 6.2 0.77 85.55  69.6  49.6
Ave,for |

Pointe 56 2k 262  1.00 h2.65 6.8 27,3




bt

~ 10
mﬁmmwmm%rncmmmw
‘ Methane - n Butane Mixtures st 21.1 and 5L.5 degrees € -
{no. of mixtures s indicated - average wol fraction Methane ¢ 0.87)

Ave. % Devistion, Methane Ave, % Devistion n Butane
B -3 5 3

Method i} ;
Devist. ($) 7% 164 100% 100§ 100%
Prea. Atmog.

6.81 (4) 0,78 0.51 1.72 739  5.23 6.80
13.62 (1) O47 o2 0.34 20.05 10,31 8.30
20,43 {2) oOJ47 0.5 0.18 /.49 6,81 1.k
27.23 (k) 0.83 0.0 Qelth 30.27 20.83  23.13
3405 (0)
sh.46 (1) o0.31  0.75 0.18 ho,1 2h.a 28.5
68&3-6 (l) 3‘.0% 0‘72" 0192 59&&5 %ol 39&2

102,15 (2) i1.22 1.39 0.52 60.23  32.37  35.15

136.2  (2) 1.28 2.75 0.36 86.58 53.2 h1.b

2043 (2) 1.64  &.60 0.64 110.6 93, 54,

Ave, tor ‘ '
Points (19) 0.93 1.29 | 0.66 | 43.5 8.7 4 25.3




Devistions of Calculated Ae‘h%ﬁ:ﬁent& From Experimental
Methane « n Butane Mixtures at 88 degrees C
(no. of mixtures as indicated - average mol fraction Methane « 0,82)

Ave., % Deviation, Methane Ave, % Deviation, n Butane
Method i 3 3 T 3 R

Deviat (%) 1006 539 69% 1004 100% 100%
Pres. Atmos.

6.81 (3) .76 1.55 0.5 4,98 3.68 3.96
13.62 (2) 1.51 119 1.22 12.31 9.0 13,67
20.k3 {0)

21,23 (2) 1.9 1.8% 087 2h62 13,90  17.52

3%.05 (3) 1.29 Ok 0.67 32,08 23,12 26,81

sk.ué6  (0)

68.10 (2) 2.5 0.k 0.92 59,1  38.6 k1,35
102.15 (2) 2.0 0.22  1.30 65,3 32,5 37435
136.2  (2) 1.87 1.39 0.72 85.3 7545 5k,h5
20k,3 {3) 1.2b 313 1.02 92,6  83.2 56,97

Ave. for | |

Potots (19) 1.58 1.3  0.87 46,5 35.2  31.2




hg

TABLE 12
Deviations of Calculated Activity Coefficients From Experimental
Methane - n Butane Miztwres at 121.3 degreea C
(Bo. of mixtures as indicated - average mol fraction Methane » 0.74)

Ave. % Devistion, Methane Ave. % Deviation, n Butene
Method WJ. . 2 3 ""YL‘“ ] n?
Deviat (4) 95% 6TH 67% 100%  100% 100%
Pres. Atmoa.

6,81 (1) 0.5 0.1% 0.40 5.70  5.26 5.70
13.62 (2) 1.95 1.87 0.91 8.56 5.6k 7.69
20.63 (1) 1.78  1.59 0.98 W02 867 11,25
21.23 (o) |
k.05 (2) 2.85 3.66 1.57 22,5 16,37 19.61
sh4 (1) 1.96 197 2,06 32.9 16.75 214
68.10 (3) %37 5.9 @ 2.95 k1,33 18.95 29.23

102,15 (1) 3.06  2.37 2.66 6,1  17.32 23.h

136.2  (3) 5.8 8.67  0.T3 522  33.33 349

208,3 (3) 6.51 10,60  0.60 61.8  ko.h  39.2

170.25 (1) 5.00 &30 2.8% 50.5  30.7 29.5
Ave, for

Potnbs (18) 3,99 5,40 1.9 3.7 22.3 25.h




m:vmr coarﬁem {9) and calculated by 3 mathods
25 cmdkgmmlfrmma.
Argon Pthylena

Plotm) TExper. Meth. 1 2 3 Bxper. Meth. 1 2 3
1.007 1.016  1.018 1.005 0.932 0,945 0.981 0,949

1.018  1.037 1.087 1023 0.876 0,892 0.885 0.89%6
1.03%F  2.051  1.087 1,087 0.823 0.835 0.825 0.841
1.058 1,078 1135 1.061 0772 0.788  0.778 0.790
1.000 1110 1190 1.088 0.725 O0.73%  0.729 0.739
1.128  1.153 1.25 116 O.677T 0.692  0.885 0.6%9
1,228 1.250 1.365 1.206 0587 0589 0605 0.595
1.35% 1377 LA40 1.292 0508 0,515 0.533 0519
L.bh 1452 1,0 1311 0.437 0439 0460 0.453

E8 &3 v 8% 3 8

Activity Coefficlents ( ealeulsted by 3 methods
Argon - Bthylene ms%m(ﬁmmmmya

: Argon Ethylane

Plam)  Expes. 1505 1 150 0.3 o35 BBt 0.5 ook
L0 1,003 1.02% 1,008 0.877 0.908 0.888 0.901
1.016  1.02% 1,035 1.003 0.830 0.857 0.837 0.845
1021 1.032 1.053 1.012 0.785 0.811 0.788 0.800
1.030  1.085  1.07k  1.027 O.7THL  0.769  0.7h5 0.748

1,08 1.050 1.095 1.022 0700 0, 0.702 0.
1.062 l,080 1.137 1.0b7 0.622 Ogﬁ o.ggf o.m

1.080 1.4 177 .08 055k 0.565 0,553 0.538

EFE8®gwvwsens



Activity Coefficients (§y) - Experimental (9
Argom - Ebhyhmﬂxtmma mWemw@nmmc.é

P(atm) Exper. Meth. 1 2 3 Exger. Wi 3

© 0.999 1,000 0,998 1.001 0.93b 0.955 O0.949 0.940
1,002 1.002  0.998 0.995 0.885 0.912 0.898 0.893
1.001  1.000 0.999 0.993 0.8%  0.868 0.851 0.858
1.000 1,006 0,995 0.987 0.800 0.833 0.807 0.817
1,000  1.008  0.992 0.988 O0.761  0.796 0.768 O.T7h
1,000 1.006  0.990 0577 0.725 9,75& 0.T27 0Q.T43
1,002 1.010 0,988 0.987 0.658  0.687 0.653 0.659
1,005 1.008  0.987 0.988 0.599 é,ﬁaz 0.587 0.593
1.008  1.012  0.982 0.990 0.537 0.552 0.517 0.523

EEgs s v 854 8 8

Activity Coefficients (@) ~ B pente) (9) and ealculated by 3 methods
Argon - Ethylene mmaﬁemmmmmme.

P{ats) n%fr% 1 2 3 . m 2 3

B OB Yon' 0996 ooooh 0.8 0.5 - 0:955 0.0k
0.993 ©€.998  0.991 0.983 0.895 0.927 5.913 0.920
0.987 0.995 0.987 0.982 0.859 0,890 0.869 0.875
0.981 0.993 0.980 0.976 0.825 0.859  0.831 0.837
0.978  0.989  0.97h  0.975 0.79% 0.82F  0.795 0.800
0.972 0.981  0.967 0.967 0.764 0.789 0.762 0.762
0.965 0977  0.957 0.960 0710 O0.73%  0.690 0.702
0958  0.973 0.946 0,952 0.660 0.685 0.620 0.645
0.949  0.962 0.93% 0.9%2 0,609 0.622 0.568 0.588

EEs 388w



E8 85825

1.285

1.

1.159

 Heth.l

1,341 yond

1.5Th scope

1.658

2.213 charts

2.705
3.151

0.905

0.977
0972

0.992

1.082

2.032

1.063
1.123
1.266
3.395
1.52%

0,968
1,000
1,050
1.208
1.k29
1710

1.07?4»
1.137
1.258
1.375
1.493
1,739
2,015
2,385

1.069
1,145
1.308
1.386
1.537
1,804
2,265
2.781

1,191
1,268
1.346
1,510
1.649
1.732
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DBE 19

Activity Coefflcients @ﬂmmn(m) and calculated by 3 methods
Bydrogen-Hitrogen mixtures at 0°C and Hydrogen mol fraction O.h
Hydrogen,using both normal and pseudocritical constants I Hydrogen

Bormal Pagudoeritical

Platm) Meth.l 2 3 Bxper., Meth,l 2 3
50 1.061 1,050 1.066m 1.07T2 1.0k
100 1119  Be- 1,097 1.3 1.137 Be- 1.079
200  1.263 yomd 1,209 1.208 1.255 yond  1.159
300 1.438 mcope  1.320 1.307 i.3i2 scope  1.243
400 1,608 of L5345 i1.0a2 1.430 of 1.322
600 1.955 charts 1.696 1.636 1.638 charts  1.k82
800 21480 1.99% 1.895 21087 1.665
1000 3.499 2.267 2,185 2.457 1.867
THBLE 20
Activity Coefficients (%)—Bmmm {17) snd caleulated by 3 methods
Eydrogen-Hitrogen mixtures at and Hyldregen mol fractiom 0.4
Hitrogen,using normal and m&&m constents of Hydrogen
P{atn) Meth.l m?& 3 Exper. m"f‘f“m‘é‘”" 3
50 1.081  0.98% 0.980 0.981 0.995 0.982
100 1.010 0,968 0.9k 0.976 0.958 Bee 0.976
200 1809 0,953 0.966 0.990 1.001 yond 0.956
300 1.069  0.9450 0.993 1.031 1.066 scope  1.006
koo 1.186 Be- 1.0u2 1.093 1,132 of 1.056
600 1.529 :% 1.189 1.278 1.377 charts 1.209
800 1757 cgirta 1.k 1.546 1.785 1.h31
1000 21133 1.641 1.902 2.233 1.7k



TABIE 21

Activity Coefficients (%)Wmu {17) end caleulated by 3 methods

Hydrogen~fitrogen mixtures ay O € snd Hydrogen mel frastiom 0.6
WM,&MWW@W%MM of Rydrogen
Platm) mm 3 Exper. mpﬁmrémm 3

50 1.041 1.082 1.063 1.075 1.032
100 1,104  Be-  1.083 1.105 1,143 Be- 1.057
200 1.248 yomd 1175 1.193 1.235 yond 117
300 1.519 scope  1.273 1.285 1.33 scope  1.180
%00 1.666 of 1.387 1.384 1.  of 1.2
600 2,195 charts 1.608 1,605 1.676 charts  1.4Ok
800 2.7h0 1,885 1.855 2.004 1.562

1000 3.170 2.28 2.1h1 2,45 1756

50 1,038  0.991 0,990 0.986 0,985 0.983
100 1.069 0.983 0.984 0.989 0.965 Bee 0979
200 1.093 0.989 0.990 1.013 1.002 yond 0,985
300 1115  0.998 1.020 1.06), 1.080 scope 1,009
k0o 1.278 Be- 10718 112 1.381  of  1.05%
600 1.520 m 1.249 1.325 1.429  charts 1.197
800 1.968 ah&s 1.%0 1.600 1.896 1.6
1000 2,324 1.786 1.969 2,347 1.7



|eE 23

Activity Coefficients (¢n)~ Experimental(l7) and calculsted by 3 methods

Hydrogen-Nitrogen mixtures st 0°C and Hydrogen mol fraction 0.8
HySrogen,using both normel snd pseudocriticsl constants of Hydrogen

Bormal
Platn) Meth.l 2 3 Exper.

50 1.053 1.033 1.060
100 1.100  Be- 1.073 1.101
200 1.237 yomd 1.154 1179
300 1.359 scope 1.25 1.266
koo 1.509 of 1.340 1.358
600 1,900 charts  1.559 1.568
800 2.5h2 1.832 1.808

1000 3.362 2.137 2.086

platm) Meth,1 2 3 Exper.
50 1.023  1.003 0.998 0.987
100 1.02%3 1,009 1.003 0.993
200 1.081 1,037 1,027 1.031
300 1.179 1,078  1.067 1.091
hoo 1.326 Be- 1.135 1.170
600 1.620 m 1.322 1.383
800 2,117 czim 1.571 1.672
1000 2,631 1.92% 2.052

Pseudocriical
Meph.l 2 3
1.053 1.023
1.098 Be-  1.044
1.182 yond  1.099
1.279 scope 1.158
1,388 of  1.220
1.565 charts 1.36%
1.898 1.521
2.231 1.700
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Activity Coeffictents (§,) - Experimental (23) and calculated by 3 methods
Methane ~ BEthane mixtures at 21.1° ¢ and Methene mol fraction 0.319
Methene Ethane

P(atm) Exper. Meth. 1 2 3 o Meth,1 2 3
17,02  1.000 0.996 1.006 0.985 m 0.873 0.865 0.877

51,06 1.000 0,981 1,009 1.003 0.635 0.505 0.630 0.636
85,10 1.000 1,108 1.007 1.016 0418 0.386 0.h60 0.436
119.1k 1,000 1,046 1,025 1.028 0,301 0.286  0.34h 0O.322
153.18 1.000 0.963 1.036 0,963 0.2k8 0.2k  0.2Th 0.277
187.22  1.000 0.911 1.0% 0,882 0.222 0.218  0.233 0.252
221,26 1.000 0.879 1.058 0.857 0.208 0.204 0,204 0.23%

PTARLE 26
Activity Coefficients (fy,) - Experimental (23) and ca) ed by 3 methods
Methene - Ethane mixtures at 21.1° ¢ and Methane mol fraction 0.555

Methane Ethene
Platn) Xuper. Meth. 1 2 3 Exper. Meth., 1 2 3

17.02  0.965 0.985 0.982 0.98% 080k 0.887 0.876 0.902
51,06 0.918 0,931 0.957 0.936 0.681 0.652 0.652 0.666
35110 0¢391 0.902 9.911- 009& th 00“?9 0&93 Goh’??
11504 0,860 0.892 0.872 0.891 Q.379 0.365  0.37h 0.362
153.18 0,816 ©0.850 0.837 0.850 0.311 0,30k 0.303 0.305
1B7.22 0.773 0.828 0,809 0.811  0.275 0.269 0.263 0.271

221,26 0736 0791 0,792 0,783  0.252 0.2%9  0.232 0.250
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TABLE 27
Activity Coefficients () -»ﬁ%mu {23) snd calculated by 3 methods
Methane « Ethene 8 at 21.1° ¢ and Methane mol fractiom 0.738
Methsne: Bthane '

Platm Exper. Meth. 1 2 3 E%er Meth. 1 2 3

51,06  0.906 0.923 0.926 0.91% 0.696 0.697 0.676 0.698
85.10 0.853 0.879 0.873 0.870 0.537 0.536  0.522 0.5%
119.1%  0.805  0.84% 0.825 0.8k4k 0.he2 0.k17  0.4%08 0.h403
153.18  0.757 0,820 0.783 0.798 0.348 0.346  0.339 0.345
187.22 0.722  0.793 O.75% 0.767 0.302 0.302  0.302 0,306
221.26  0.695 O0.764 0,730 O.743  0.27h 0.278  0.268 0.280

TABLE 28
Activity Coefficients (§,) - Experfmental (23) and calculsted by 3 methods
Methene - Ethane Mixtures at 21.1° C and Methane mol fraction 0.882

Methane Ethane

P(a‘t&) Wr" Meth. 1 2 3 %& Meth. 1 2 3
17.02 0.968 0.976 0.968 0,968 0, 0.902  0.889 0.900
51.06 ©0.909 0.896 0.91h 0.910 0.693 0. 710  0.69% 0.716
85.10  0.85T 0.866 0.855 0.860 0.535 0.58% 0,547 0.561
ilg.1% 0.811 o0.827 0.805 0.818 o.l7 0.580  o.4k1l 0.455
153.18 0.7T73 0.796 0.762 0.780 0,336 0.393 0,364 0.361
187.22 O.THL  0.765 0.725 0.753 0.285 0.338 0,321 0,333

221.26 0.728 0.748 0.70k 0,732 0.251 0.310 0.295 0,303
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Aotivity Coefficients (%m mg'nm {23) snd calculated by 3 methods
Methane - Ethane mixtiires at 5h.4° C and Methane mol fraction 0,319

Platm) me?th::h 1 2 3 Exper. mmgmn 2 3

17.02 0,978  1.011 1,007 0,987 0.921  0.910 0.901 0.909
51,06 0.967 1.016 1,012 0.988 0.753 0.72h  0.732 0.734
85,10 0,988 1,042 1,02k 1.016 0.598 0.561 0,586 0,582
119,16 1,007 1.105 1.035 1.041 0484 0458 0,487 0.469
153,18 oO.9%% 1,068 1,047 0.997 0.413 0.3%4% 0.418 0.1
187.22 0.958  1.047 1.058 0.928 0.372 0.346 0,370 0.367
221,26 0,92%  1.022 1.075 0.92885 0.3k 0.322 0.342 0.348

Activity Goefficients ‘mtn) mq%m (23) and calculated by 3 methods

Methane - Ethane ures at 54.4° C and Methane mol fraction 0.555
Bthane

i o% &%6' 53%51 0.8 080 b.557 "‘5?35.1; 0.695  0.913
51,06 0,938  0.971 0.964 0.95% 0.779 0.7T45  0.752  0.759
85.10 0.910 0.961 0.939 0.923 0.643 0.60T 0.619 0.623
1319.4  0.887  0.970 0.917 0.92%  0.533 0.499 0.516 0.513
153.28 0.863 0.973 0.895 0.905 0.h57 0.425  O.ubh  O.hb5
187.22 0.838 0.952 0.873 0.881 0.ko9 0.382 0.399 0.ho2
221,26 0.814 0941 0.85k 0,860 0.379 0.352 0.370 0.37h
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PABLE
Activity Coefficients (@) - Wﬁ%nm {23) and esloulated by 3 meddods
Methane « Bthane vves &t 5h.4° C snd Methene Mol fraction 0.738
Methane Ethane

P(atm) Exper. Meth., 1 2 3 Exper. Meth.l 2 3
17.02  0.975  0.990 0.980 0.980 0,927 0.920 0.918 0.920

51,06 0.930 0.952 0.9%8 0.9%6 0,789 0.768 0.768 0.7
85,10 0.892 0.938 0.911 0.913 0.667 0.652 0.642 0.647
119.14% 0.859 0.910 0.87F 0.888 0.%5 0,551  0.542 0.552
153.18 0.832 ©0.901 0.837 0.863 0.488 0466  O.4Th 0,484
187.22 0.808 0,887 0.809 0.847 0.h3%  0.417  O.k2hF  0.435
221,26 0.780 0.88% 0.792 0.831 0.397 0.378  0.396 0.k02

TABLE 32
Activity Coefficients(@,) - s%’ﬁ%:%m (23) 294 calculated by 3 methods
Methane - Ethane ures at 54.4° ¢ snd Methene mol fyaction 0.882

P{atm) wx% 1 2 3 Bxper. mn.gghma 3

17.02 0.978 0.988 0.981 0.9T7 0.515 0.928 0.922 0.92%
5L.06 0.937 0.960 0.927 0.938 0.76%  0.79%  0.785 0.797
85.30 0,901 0.926 0.898 0,906 0,640 0.678 0.66F 0.671
119.1%  0.870 0.906 0.857 0.875 0.540  0.58%  0.568 0.584
153.18 o0.84% 0,862 0.823 0.852 0465 0.503 0.502 0O.51
187.22 0.823 0841 0.793 0.832 0409 0.453  0.453 0.465
221.26  0.807 0.831 0.772 0.816 0.367 0.M16 o.d23 0.43%0
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Activity Coefficients :i“} mﬁmu {23) and ealculated by 3 methods
Methane - Etheane mi wmaa.wcmmmmmzmsm

Methane Ethane
Pi;fgg oRes Tols 1.008 0.390 0.9%8 ’?.1;311 0.2 0.5
51,06 0,971  1.037 1.015 0,987 0.821  0.799 0.806 0.805
85.10 0.975 1.063 1.027 0.997 0.708 0.67T1  0.695 0.690
139.14  0.981  1.13  1.0%1 1,008 0.616 0,580  0.605 0.599
153,18 0,975  1.187 1.057 1.008 0.549 0,522  0.535 0.537
187.22 0.961  1.182 1.07C 0.990 0.503 0.472  0.490 O.k0L
221.26  0.9%k  1.155 1.085 0.973 0472 0.439  0.459 0.k6h

Activity am:nem ) - ﬁ'%ntu (23) and ealeulated by 3 methods
Methane « tures at 88.0° ¢ and Methane mol fraction 0.555

P(atm) sm% 1 2 3 Exper. mﬁfh?,m 2 3

17.02 0,951  1.001 0.992 0.988 0.931 0.937 0.935 0.937
51.06 0,952 0.990 0.972 0.969 0.842  0.807 0.819 0.819
85.30 0.928 1.002 0.955 0.958 0.7hi 0.709 0.712 O0.7T1
119.1%  0.908 1,005 0.9h1 0.9% 0.660 0.619 0,623 0.632
153.18 0.891  1.010 0.930 0.940 0.50k 0.541 0.558 0.567
187.22 0.876  1.020 0.920 0.930 0.545 o0.490 0.512 0,521
221,26 0.861 1.022 0,913 0.919 0.511 o.k51  0.h81 0.490
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TARLE '
Activity Coefficient (g}) ~m§e»m (23) and calculated by 3 methods

Methane - Etbane st 88.0° ¢ and Methane mol fraction 0.738
P(ata) m::%xﬁn 1 2 3 Exper. % 1 2 3
17.02  0.981  0.996 0.990 0.981 0.9%7 0.937 0.937 0.941
51.06 0.947  0.996 0.966 0.964 0.846 0.832 0.828 0.832
85.10 0.919 0.976 0.942 0.9k 0.754% 0.72% 0.727 0.737
119.3F  0.895 0.960 0.918 0,92k 0.67h 0.6k 0.645 0,662
153.18 0.876  0.945 0.897 0.912 0.609 0.562 0.580 0.600
(187.22 0,861  0.93% 0.877 0,901  0.559 0.515 0.533 0.553
221,26 0.848 C.929 0.859 0.804 0.522 0.h82 0.501 0.521

Activity Coefficlents (R ) .m%mnxm (23) and cslculated by 3 methods
Methans - Ethane mixtures at 88.0° ¢ and Methane mol fraction 0,882
Methane Ethane
N oo "o ot .83 omm oam odi .ot
51.06 0.956  0.989 0.961 0.959 0.813 0.847 0.841 0.8k
85.10 0.931  0.96k 0.933 0.938 0.712 0.7  0.Th5 0.761
119.14% 0,911 0.943 0.906 0.919 0.629 0.667  0.666 0,696
153.18 0.896 0,928 0.881 0.902 0.563 .60k  0.60k 0,630
187.22 0.883 0.915 0.855 0.890 0.511  0.555  0.555 0.584
221.26 0.873 0.905 0.838 0.8 0470 0.518  0.525 0.537



8] (23) and calculated by 3 methods
and Methane wol fraction 0.319

Methane Bthane
Platm) ixper. Meth, 1 2 3 Exper. Meth. 1 2 3
17.02 0,988  1.019 1.009 0.996 0.956 0.9  0.949 0.950

51.06 0.975 1.033 1.020 0.998 0.867 0.833 0.858 0.852

Activity Coefficients (@,) - Experimep
Methene - Ethane tures &t 121.3

85.10 0.97% 1.079 1.03% 1.005 0.783 0.752 O.T70 0.765
119.18 0978 1.129 1.052 1.008 0.732 0.67h  0.695 0.693
153.18 0.981% 1.8 1,068 1.016 0.655 0.609  0.635 0.639
187.22 0.981 1.218 1,081 1.014 0.613  0.563  0.591 0.595
221.26  0.977 1.237 1.100 1,010 0.582 0.53  0.558 0.567

ﬁé'igml
Activity Coefficients (§.) ~ T (23) and calculated by 3 methods
Methsne - Ethane iives st 121.3° € and Methane mol fraction 0.555

Methane Ethane

P(atm) Bxper. Meth. 1 2 3 Exper. MNeth, 1 2 3

17.02  0.585 1.008 0.997 0.991 0.962 0,95  0.951 0.953
51.06 0.961  1.022 0.984 0,982 0.886 0.853 0.861 0.861
85,10 0,9%2  1.031 0.97% 0.975 0©C.814 O0.T7TA  0.779 0.782
119.1F  0.926  1.038 0.966 0.968 0.752 0,692 0.709 0.77
153,18 0,915  1.038 0.959 0.963 0.700 0.630 0.649 0.663
187.22 0,905 1.042 0.953 0.960 0.659 0.575  0.603 0.622

221,26 0,808  1.0k3 0.94%7 0.956 0.628 0547  0.5T5 0.592
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Activity Coefficients (f,) - mﬁhl {23) end celculated by 3 methods
Methone - Bthane mixtures at ?cmmmmmamo.ns

Methane ‘ Ethane
?ii?f?% s o 001 0.987 C.o6r ook 0.5k 0.95
51,06 0,959 1.013 0.976 0.993 0.886 0.868 0.873 0.889
85.10 0.938 0.998 0.961 0.963 0.816 0779  0.793 0.798
119.1% 0.921  0.991 0,948 o.gsh 0.755  0.707  0.727 0.737
153.18 0.907 0.985 0.935 0.94k 0,705 0.647 0.67T1 0.689
1B7.22 0.897 0.985 0.925 0.939 0.665 0.601  0.627 0.647

221,26 0.890 0.988 0,918 0.93% 0.633 0.572 0.596 0.617

TABLR Lo
Activity Coefticients {§y) - tal (23) and caleulated by 3 methods
Methane - Bthane mixtures at 121.3" C and Methaoe mol fractiom 0,882

P{stm) m’:’% 1 2 3 xsmz* mmiw 2 3

17.02  0.989 0.996 0.992 0.990 0.985 0.951  0.955 0.958
51.06 0,969 1.002 0,973 0.973 0.848 0.876 0.8T7 0.855
85.0 0.952  0.990 0.957 0.958 0.766 0.801  0.802 0.818
13938 0,939 0.981 0941 0.988 0.699 0.731 0.7H0 0.760
153.18 0,928 0.966 0.927 0.936 0.6k  0.671  0.68% 0.713
187.22  0.921  0.965 0916 0.929 0.599 0.63%  0.645 0.673
221,26 0.936 0,959 0.906 0.925 0.563 0.600  0.609 0.645
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3 (21) and calculated by 3 methods

- EXDE IO v > “ M
Activity Coefficiants (Pn) | o
' «oBubens JMethane fract cabed

21
mixtures st
Nethane

‘sv

Platm) vy
6.81 0,707
20.43 0,845
6.81 0.804
27.23 0.05%
1362 0.970
27.23 0,970
5hod6 0,970
102.15 0.970
136.2 of9T0
204.3 0.970

6.81 0475
6.81 0.707
20,43 0.707
27.23 0.8k5
102,15 0.8k5
27.23 0.935
68.10 0,945
136.2 0.935
20h.3 0,935

Methane
Exper. Heth., 1

0.997
0.972
0.990
0.964
0.976
0.952
0.908
0.838
0.T98
0.739

1.001
0.995
0.993
0.976
0.91%
0.969
0.926
0.863
0.821

0.955
0.97h
0.989
0.959
0,981
04963
0.911
0.849
0,809
0. 751

1.025
0.999
1.003
0.981
0.925
0.581
0.938
0.873
0,834

2. 2

0.997 0.395
0,962 0.971
0.987 1.007
0.95% 0.95h
0.9Th 0.9T3
0.9%3 0,950
0.901 0.906
0.822 0.835
0.776 0.796
0. 706 0.7

sk 4%
1.0?5 1,039

1.002 1.005
1.005 0.995
0.971 0.97h
0.907 0.921
0.968 0.967
0.919 0.926
0,840 0.860
0.784 0.832

s 2 3
B0 0108 0.861 0.378
0.675 0.Th6 0.685% 0.706
0.835 0.925 0.903 0.923
0,457 0.608 0.637 06T
0.759 0.87h 0.837 0.822
0.587 0.Th1 0.682 0.705
0.367 0.547 0455 0472
0.180 0.27% 0.243 0.253
0.118 0.226 0.181 0.16)
0.063 0,140 0.123 0.099

0.852 0.891 0.872. 0.873
0.857 0.91% 0.893 0.907
0.672 0,758 0.703 0.7
0.582 0,731 0.701 0.720
0.209 0.352 0,270 C.271
0.628 0.803 0.7h6 O.Thb
0.353 0.565 0.k81 0.h92
0.180 0,389 0.276 0.263
0.115 0.232 0.221 0,175



DaE ke
WW mhmm(m)mmmwsmm
JMethane mol frection as fodiented
P(atm) 5, ¥Mathane Bthane
Experm Meth, 1 2 3 Esxper. Meth. 1 2 3

6.8 0.28T 0.997 1.08k 1,039 1.006 0.886 0.905 0.893 o0.911
13.62 0,609 0.995 1.017 1.018 1.010 0.789 0.866 0.835 0.846
27.23 0.609 1.002 1.022 1.03% 1.008 0.621 0.735 0.682 0.716
6.81 0.783 0.994 0.999 0.995 0.9%2 0,800 0.9%8 0.931 0.916
34.05 0.783 0.918 0.995 0.985 0.986 0.580 O0.7%6 0.693 0.713
102,15 0.783 0.959 0.980 0.968 0.979 0.261 0.433 €.338 0.357
27.23 0.845 0.98) 0.991 0.985 0.982 0.650 0.818 0.767 0,718
68.10 0.845 0.955 0.973 0.959 0.967 0.400 0.608 0.521 0.53%
136.2  0.845 0.923 0.950 0,921 0,935 0.2%0 0.385 0.319 0.3k
20h.3  0.855 0,902 0.919 0.885 0.935 0.158 0.2719 0.267 0.226
6.81 0.89% 0.995 0.995 0.998 0.993 0.8 0.954 0,955 0.949
34,05 0.89% 0.975 0.98% 0.978 0.981 0.603 0.79% O.7Thh 0,762
102.25 0.69% 0.931 0.955 0.938 0.935 0,315 0.520 O.427 0.438
20k.3 0,894 0,886 0.889 0.863 0.899 0,180 0.312 0.303 0.255
13.62 0,970 0,989 0.997 0.989 0,981 0.809 0.929 0.908 0.972
3,05 0,970 0.97h 0,986 0.,97F 0.980 0.609 0.826 0.785 0.795
68,10 0.970 0.950 0.973 0.946 0.98% 0415 0.650 0.610 0.619
136.2  0.970 0.911 0.929 0.888 0,910 0.243 0493 0.5 0.418
20k.3 0,970 0.885 0.809 0.840 0.88% 0,158 0.38% 0,357 0.3:13



BARIE L3
Activity Coefficlents (bn)-txreimental {21) and caloulated by 3 methods
Methane-rButene mixtures et 121.2°C,Methane mol fraction as indicated
Platn) wy Methane REthane
Exper. Meth. 1 2 3 BExper. Meph. 1 2 3
13.62 0.475 0.997 1.029 1.03% 1.013 0.828 0.878 0.855 0.87h
34,05 0475 1,033 1.076 1.107 1.065 0.613 0.710 0.6622 0,691
68,10 0475 1.111 1.389 1.305 1.295 0.366 0.481 0.435 0.4k5
136.2 OM475 1.231 1.375 #  1.222 0.190 0.268 0.232 0.256
206,3 0475 1.360 1.322 # 1.6k 0,149 0.218 0.ITT 0.207
20.43 ©0.70T 0.99¢ 1,008 1.006 1,000 0.762 0,869 0.828 0.848
~oshU6 0,707 0.952 1.001 1.00F 1.012 0.516 0.685 0.602 0,636
102,15 00T 0.999 1.029 1,022 1,025 0.339 0.k96 0.398 0.h19
170,25 0.707 0.998 1.048 1,081 0.970 0.22k 0.337 0.292 0.290
© 13462 0.845 0.993 1,001 0.993 0.990 0.837 0.930 0.90k 0.919
68,10 Ougys 0%y 0953 0.978 0.978 0.493 0.699 0.606 0.622
136.2 0845 0.950 0979 0,950 0.963 0,330 0.500 0O.hk12 0.418
20k.3  0.845 0.936 0.964 0,933 0.951 0.2 0.399 0.352 0.320
6,81 0.935 0.996 0.995 0,993 0,995 0.913 0.965 0.96L 0.97h
" 3h,05 0.935 0.983 0.998 0.981 0,982 0.662 0.855 0.820 0.838
68.10 0.935 0.968 0.996 0.967 0,965 0.4g3 0.78k O.6T7 0.690
136.2  0.935 0.9%1 0,968 0.945 O0.9h2 0O.34% 0,566 0.480 0.h90
20h,3 0,935 0.936 0.950 0.912 0.927 0,265 0.469 0.h20 0,392
#* Above range of Figure 3
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BRE L

Activity Coefficiente ($n)-Experimental
Bthane-Ethylene (voL) at ~17.8°

Exper. Meth. 1 2 3 mrm 2
16,17 ©0.848 0,939 0.797 0.783 0.81% 5.61 0.865 0.859
18.58 0.601 1.272 0.765 0.755 0.809 2,085 0.83 0.832
20,61 ©0.h02 1.830 0,735 0.730 0.798 1.360 0.810 0.807
23.0h 0.229 3.084 0.708 0.700 0.787 1.02% O.787 0.762
25.2h 0.0Th 9,17 0.682 0.680 0.778 0.83 0.76k 0,760

SEthylene not caleoulated by Methad Se-values will spproximate
thogse of Methods 1 and 2

* % % % =2 Sk

TAZLE ﬁ
Activity Coeffictents (n)<faperimentol (22) and caloulatod by 3 methods
Muthane.-nButans {vL) st 21°C,Methane mol fraction as indicated
| #* Not salewlated by Method 3
rwh}y% Nethane rButane
W Seth, 1 2 3 my Meth. 1 2
2.?2 Qsm 3&&%5 lw@% is@% » 6‘9@3 Qo% 3;933
E.0B 0,425 1080 1.008 1.012 * 0.83 0.808 0.882
S.45 0,520 1,122 1,022 1,011 #0731 0.88k 0.853
6.08 Qbm lm 1.015 1.0 * 6;&6’59 0;863 0.820
10.90 0,643 1.178 1.007 1.000 #  0,h92 0.80% 0745
13.61 0.676 1,185 1.006 1.009 % 0,396 0.7T72 0.697
20.52 0.707 1.180 1.000 1,000 % 0278 0.687 0.590
3&¢93 &im 1&1&7 Qg%l Ql% »* 3&69 Qu% ﬁ.m
5448 0,745 1.132 0.950 0.968 #  0.103 0.338 0.245
81.61 0,7h6 1 0. 0. * 0,068 0.172 0.1
g.as ms%r 3..53?90 3,.09:)!639 1.(%? * e.ﬁ a.e’&a ma’épf
0 a%'{sé 1.037 C.978 0.950 : 0,056 0.100 0.060

131.0 0,652 1.080 1.080 1.15 0.0k3 0, 0.028
1193 0. 719 .02 0,901 0.96 * 0052 0 0.0k3

% ¥y X %X ® £ ® * B £ &



Parameter Ranges - Method 1

Systen  Potnts ¥,

A-E
H-N

(B-F)uz
(¥-B)yp

3

w BB B BB ORNK

=

0. 2‘“"0 .3’
0 v 2“0 .8
0.2“‘9 ‘8

0.319
0.555
0.738
0.882
0.284-0.97
0.08--0,85
0421+=0.75

TABLE W6

Pra

o VO.E-vE.é

1eT=e59.
1.6--h3.

0.36~wds,63
0436469
0,36k, T6
0.37==ksT9
0:16malt, 51
0,33~0,50

0.07T==3.07

Tm

103.6"‘1063

2e5==53
2.5~=h,T

1.09==1.47
1,22-1.63
1.33==1.79
1.84ee1,93
1401w=1,.52
0.85-=0,90
0.78~-1.18

Vu

AN&'@

Q&séﬁ‘éaw
l 001"3 L4 2
1.0)=2.h1

0.33-0.97

0, 47w, 98
0.59==0,99
0.68--0.99
0+52em0.99
0. 760,81
0. 37T=ul0.95

0.2we5.5
002( ")1- 3-1
0.2{-)0.92

O bwaT 60
0.3w6.,00
04345.20
0.2xlt,60
0.1-=5.80
1.6me2.30
0.3--7.40

0. 5maC.99
0.98.-2,1k
1.0-=2,1

0,63==0,96
0.68--0,98
0. Thwe0,98
0.81=e0,99
0.61=-0.99
0,68--0,78
0.h6-+0.96

_,6?



M-B
N-E
K-B
(B - BE)yp
{M - B)y,

Points

w 3R B BB OB R

=

PABLE 47

Parameter Ranges - Method 2

2
002“@.8
0.2--0.8

0¢ 2“% ,8

0.319
0.555
0.738
0.882
0.28«+0.97
0.08++0.85
0421me.T5

Py

6 02"‘"&2 ;‘6

1.5«-80
1.5--80

0,35l 34
0.35-=4.84
0,35--k.8k
0.35~~k.84
0415==5.60
G.33-0.52

04060=3.65

T B, M
1,05+21,97  0ubeel75  1,06e2,90
2,16we8,20 0,42+=3.30  2,19-- ?
2,16028,20 0,424»3.10 2,19~ ?
0.960=2,07 0.87--1,45  0,97~=2.50
0:96w=2.07 0.78w=1.29  1.00=+2,20
0.9T~=2,07 0.Tim=1.17  1.02-2,11
0uFTme2.0T  Cub5w=1,08  1.0U=e2,08
0.60w=2,07 0.43+=2,03  0.79wu3.22
0.84aeB.90 0.92--0.98  0.84
0,69aa1,54  0,56w=2,28  0,70m=3.65



Spstem Poimts ¥

A-E
BN

Ho
{pseudo)

&
&
Ew%BBBEB B W

{%-B)vL

36

0.2+=0.8
002“0.8
0 02'”'& lrg

0.319
0.555
0.738
0.882

WBIE 48
Paremster Ranges ~ Method 3

BP

A2/B

0;5}3.1'&--'9‘355
0,0h5.-1,12
0&&3?‘“1&03

0.02«+0,136

0.019+0,32
6.@17”?‘31
Us016w=0,29

0.2840,97 0.01~0,361
0.08240.85 0.081=-0.05
0:21u0.75 0,00840,26

2.3~k .0
00"3-*‘1.'22

0,.55w1.28

2.81w-h,36
2.42--3.73
2.11--3.25
1.89--2.88
1,90+5,00
5.8+-6.30

3,728.00

g $
{~)0.,01e={~)0.26
(~)0.01-= 0.32
{=)0.0lem 0,254

(~)0.016-(~)0.k52
(=)o.011-(~)0.32
{=)0.00m={~)0.25
{=)0.01~e{~)0,18
(~)0.0%-(~)0.33
{=)0.09=(=)0.12
HOT CALCULATED

AR

0.03~=1,06
0;%"‘00&9
©.02m«0.50

0.05w=1,6k
0,0kenl.23
0.03%+0,95
0.03~0.77
0.03=-1.25
0,25--0.3%

-
0.01-0.33
0.02-+0.63

Q t%"go&

0,01==0.67
0.01--0.48
0.01--0.38
0.01==0.30
0.01~~0,52
Q. 22x0.37



TABIE 4O
Genersalizsed Charts used for Method ) with Sywitems Calculated in this Peper
Property : No.  Property AX BN BE WB (E-E)y (Bl
| o P
a 25 P.108.Fig. 3 0-5.0 0.8-2,0 X X X X X
25 P.I00 «Fig, & 0<50.0 1.6-15.0 X
i3 Pig. 103« .
Iow Pr. Ol 0.5=1.2 X X X
13 Pig. 103~
High Pr. 0. 1=30.0
Gt?’lﬁug I
25 PAFig.2 O=20,0 1:0«3,5
25 P.190-Fig.3 O=T70,0 3.5+35.0 X
i3 Pig. 1he-
Low Pr. 00,5 0.5«1.6 X
13 PFg. k2.
High Pr. 0.2+40. 0.5«10.0 X X X X X
DB/ Ty 6 P.A0Pig b8 0.01-10.0 0.6-h.0 X X X p X
AR/? 25 P.2A0WF4g.b  0.1-h0. 0.746.0 X



Pig.

T

Parsweter Ranges ~ Uharts for Method 2

Paxrmmeter Range
!l'ﬂ O « 2.4
By 0.3 - 2.1
o 0.5 « ko
!m Qoh - 2&&‘
L. 0.3 « 3.3
oY 0.5 » k.8
Prn 0.0 «10.0
o 0.5 = 4.8

0.0 « 1,4

DBIE 51

Paremeter Ranges - Charts for Methed 3

Parsmater Range
m 900 - 9#9
A2/n 0.0 «11.0
A Q.03 = 9.53

log 6 00%3‘!9
n O.Q - 2075

w Gtm - *&.2’2’



mmmmwhumgwmaf
Compenents of all Systems

Substance T (%)  Pop (atwcs.) by(botl. Pt e
Argon - 122, k8, - 185.7
He-Butane 153. 36. 0.6
Ethane 32.1 h8.8 - 88.3
Ethylane 9.7 50.9 - 103.8
Hydrogsn - 239.9 12.8 - 252.7
Mathane - 82.5 k5.8 - 1614

Fitrogen BTV 33.5 | - 195.8
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DBLR 53
York & Weber {27) Correction Facterd Datade (%./470)"

1&6 ltes R.olﬂ Jum l¢3 lri“' 105 3-06
0.37 ©0.288 0.25 0.20 0,8 0.5 0.15 0.1k

AR

York & Weber Correction Factor O for System M-E, ym ~ 0.319,

0.555
208.3 327.6 363.1 | 0k
'.S'B,u C.319 % O 8 %807
1.091 1.219 1,342 1.468
C.i255 0,196 0,172 0.153
0.867T 0896  0.9085 0,918
1.220 1.35% 1.493 1.632
0.196 0,169 0.151 0.137

9«878 0.80h4 0.905 0913



h

Bffect of York & Weber & Correction Factor
t0 AH/Te on Method 1 Activity Coefficients
for System M ~ E
T - 210 ¢, yy = 0.319, O = 0.867

P (&m) l?:ﬁg 51-% a‘j.lﬁ 119;1}1 153013 18?.22 221026

AR/, 0.TL 2.65 5.8 6.80 7.23 T3 T.57
Methane -~ ¥

Exper, 1.000 1,000 1.000 1.000 1,000 1.000 1.000

without corr. 0.996 0.981 1.108 1.0 0.963 0.911 0.8
Vi’ﬁh R . 00%’1’ 60935 ?mm 0;9@ 9.33@8 0,?% 06169

Ethene - g
Buper. 0,887 0.635 0.8 0,301 0,248 0,222 0.208
without corr. 0.873 0.595 0.386 0.286 o.241 0,218 0.204
with corr. 0879 0,609 0,403 0.302 0.256 0.232 0.217



BABLE 56
Effect of York & Weber @ Correction Pactor to AH/T.,
i Nebhod L Aetizivy Cosfficienta for System M - E
T 2 5hA° 0, vy 3 0.319,0w 0.896

Patm) 17.02 51.06 85.10 139.14 153.18 187.22 221.86

Ax/’rm 0.56 1.80 3.27 k62 5.35 575 6.0
Methene -~ ¥

Exper. 6,973 Qg%? 9-% 1,017 G.QML 9«958 G.Q&h

ﬁim LOTY . lam 3-061\6 lnm 3..105 1.963 liez“? 3-*322
With corr. 1.002 0.99) 0.995 1.035 ©.993 0.965 0.939

Bhooe -
Exper. 0.921 0.753 0.598 0.48% 0.413 0.372 0.346
Without corr. 0,910 0.72h 0.561 0.458 0.38% 0.3% 0.322
With corr. O.9lh 0732 0.572 OMTL 0398 0.0 0.3
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76

Effect of Yark aod Weber(Correction Factor $0 AN/Ty, on
Method 1 Activity Coefficients for System M - B

!iw,a’maeum’éﬁat%

Platn)
A B/ Py

Without corr.
With oo,

Witheut oaorr.
With ooy,

l?im 53-:% 35«10 33.9»,3‘3}

0.45

0.985
1.013
1.008

0.942
0.93%
0.2

loﬁ 3*3"2 3'5

Hethane «~
0.97T1 0.975 0.981
1,037 1.063 1.30
1.019 1.032 1.081

Ethane - g
0.821 0,708 0.616
0.799 0.67T1 0.580
0.805 0,681 0,591

153.18
k.35

0975
1.187
1.325

0549

Q.522
0,529

i871.22
478

0.961
l.a82

1236

0.503
O.b72

‘ Qikas

221,26
5.17

0.9k
1,193

1119

ohT2
0.439

0452



P{atm) 17.02
DR P 0.38
Exper, 0.968

Without corr. 1.019
Witk corr. 1,015

MG ﬂ.%é
Witheut Core. 0.9%0

TABLE 58

Effect of York and Weber @ Correction Pactor o AR/Ty, w
Method 1 Activity Coefficients for System M - E

T « 121.2° €, wy w 0.319, ba 0.528

51.06
1.3%

0.975
1.033
1.021

0.867
0.833
0.837

85.30 119.14
1.90 2.70

Methane -
0.97% 0.978
1.079 1.128
1,088 1.095

Ethane - »

0.783 o.732
0.752 0.67h
0.759 0.684

153.18
3.45

0,981
1.8
1,138

0.655
0.609
0.620

387 n% 221-26

h;m hcs?

0,981 0.9717
.28 1.237
lp& 3-55 lu.l?s

0.613 0.582
0.563 0.53)
aa 57& G.' 5&&



Effect of York and Weber @ Correction Pactor toNH/Tuy on
Method 1 Activity Cosfficients for System M- B
T e 21°C, yM 5 0.555, = 0.878

P{atm) 17.02
Exper. 0.965

Without corr. 0.985
With corr. 0.980

mt Ogm
Without oorr. 0,887
With cory. 0.804

51.06
1.8

0.918
0.931
0,91k

0.681
0.652
0.676

85.10 119.1h
3.33 A7

Methane -
0.891 0.860
0.902 0.892
0.67% 0.844

Ethane » g

0.500 0.3719
0.479 0.365
0.501 0.388

153.18
5.38

0.816
0.850
0.803

0,311
0.30h
0.327

187.22
5.79

0.T73
0.818
0.TTh

0.275
0.269
0.290

221,26
6.00

0.736
0.7T9L
0.743

0.252
0.249
0.270



Method 1 Activity Comfficients for System M-E

TABLE 60
Effect of York and Weber ¢ Correction Factor to AR/Ty on

T u 5500 C, Jy u 04555, & = 0498

Platm)
4 8/%,

Without cory.
With corr.

Bxpear.

17.02  51.06 85,10 119.1% 153.18

046

0.975
0.995
0.990

0.927

Without corr. 0.911

With oerr.

0.916

1.ho

0.938
0.972
0.959

0.779
0.7h5
0.757

2. 3.9

Methane - i
0.910 0.887
0.961 0.970
0.938 0.939

Ethane - ¥
0.643 0.533
0.507 0.h99
0.62k 0,518

h.32

0.863
0.973
0.935

0457
0.425
o, b7

187.22
4.78

0.838
0.953
0.916

0.9
0,382
0ok

221.26
5.10

0.814

0.941
0.898

0.379
0.352

0.373



TARLE 61

Effect of York and Weber & Correction Factor to AH/T., on
Method 1 Activity Coefficients for System M-E
T3 88° ¢, v = 0.555, @ = 04905

Patn) 17.02
DR/ Tey 0.36
Wé e;%l

Hithoot corr. 1,001
With cory. 1.000

Exper. 0.93%
Without corr. 0.937
With oorr. 0.939

51,06
1.08

0,952

04990

0.981

0.8h2
0,807
0.815

85.10 119.1h
1.82 2.53

Methane « y
0,928 0.908
1,002 1.005
0.988 0.984
Bthane - E

0. 7Thk 0,660
0.709 0.619
0.722 0.635

153.18 i87.22

3.25

0.891
1.010
0.982

0.59%
0.5k
0.559

3.80

0.876
1.020
0.988

0.545
0.490
0,509

221.26
h.22

0,861
1.022
0.988

0.511
0.k51
0.472



Method 1 Activity Coefficisnts for System M-E

BALE 62
Effect of York and Weber @ Correctien Factor to AR/Ty om

T o 121.° €, ¥y 8 0.555, & = 0.913

P(atm) 17.02
A W!w 0.31
Exper. 0.986

Without corr. 1.008
With corr. 1&00’5

Exper. 0.962
Without coLTT . 919"‘9
With corr. 0.953

51.06
0.95

0.561
1.022
1.01%

0.886
c.853
0.860

85.10 119.1k
.52 2.1

Nethane - X
0.942 0.926
1031 1.038
1.019 1.021

Eshine -~

0.8 0.752
0L 0.692
0.781 0.706

153.18
2.61

0.915
1.038
1.016

0.700
0.630
C.647

ag7.22
3.03

0.905
1.0k2
1.038

0,659
0.575
Q.397

81

221,26
3.34

0.898
1.043
1.018

0.628
0.547
0.571



TE 63
% Deviation of Caleulsted frowm Experimental Activity

Cosfficiants « Method 1 ~ M-E « with and without

York & Weber & corrs to OR/Tpm
g 2%, 5.5, 88, 121.2° ¢ gy 3 0,319, 0.555

uakh without

E{atm)

17.02 1.9% 2,25

51.06 378 h.ho

85,10 k.29 7.58
119,14 7.19 9.97
153.18 10.37 12.80
187.22 1.31 k.57
.26  12.91 16,3
k{%fm 7.h0 9.72

24 tmprovement

in scourscsy

Ethave
with witheut
0.65 1.2
2.78 3+93
3.15 5.35
328 5.75
y,5% 6.26
h.2h 8.75
5‘2*7‘ ?-18
3.39 5.18

35% improvement
in acowracy



LIST OF SYMBOLS USED

Notes: 1. Subscript or supersoript "L refers to property of liguid
and "v" to vapor where distinction is nacessary. Capitalized
subscripts other than “L" refer to a component. Subseript
"n" refers t¢c component ", |

2. With no distinction reference is made o vapor.
s - constant in Method 3 equstion of state (Eq. 7).
A - system primary parameter in Method 3 - Summstion (¥, An)
Ay~ component primary paremeter im Method 3
be- constant in Method 3 equation of state (Eq. T)
B - system primary persmeter in Method 3 « Summation (y, B,)
By~ component primary parsmeter in Method 3
by~ molal average atmospheric boiling point of mixture
by« component atwospherie beiling podnt
by~ Paeudccritical boiling point of system
$ - system secondary parsmeter in Method 3
$re component activity cosffieient (vapor)
&« York snd Weber correction factor for AH/T,
I~ fugneity of mixture at system T, P and y
Ty~ fugacity of compopent ot system T, P exd y
P - free snargy
A B/~ enthalpy correction for pressure
K- thermodynmmic squilibrium coustent for gaseous reaction
En~ component veporization ratio
K%~ couponent veporization equilibrimm constaxt



LIST OF SYMBOLS USED (Comt'd.)

] = component paremeter in Mgthor 2

P » systen pressure

P', ~ vapor pressure of component

Pop = critical pressure of component

Pen - Poeudo critical pressure of mixture
Pom - DSeudo reduced pressure of mixture
Pypn = reduced pressure of ccoyuarert

R » universsl gas constent

T - system temperature

T ~ Poeudo critical tespersture of mixture
T = Poeude reduced tempersture of mixture
T, » reduced tespersture of compenent
%~mmmwammmnm

u « secondary parsmeter of Nethod 3

v » gecondary parmmeter of Method 3

Vg = mity, coafficient of mixture

¥p = w0l fraction of coaponent in vapor

Zy - compressibility fector of mixturs

o~ component critical tempersture
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