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ASSTRACT

Results obtained from the Epstein equation of
sta‘cel5 i.e. equation (2), which is theoretically
vallid up to the critical denslity, are compared with

the experimental values of the compregsibility factor.
The calculated values of compresslblility factor ior
ethylene, ethane, propane, and n-butane were obtalned
using two methods of evaluation for the second and
third virial coefflcients. In addition, using these
two methods and excluding fourth, fifth, and sixta
virials in the Epsteln equation of state, compressibi-
lity factors were calculated for all the four compounds
to test the effect of higher virlial terms. In the
proposed method-(A) and method~-(C), the force constants
were calculated from critical properties while, in
methods-(B) and (D), force constants which are based

on experimental p-v~t data, were directly taken from
the literature. Ior methods-{(A) and (8), Epstein equa-~
tion oé state i.e. equation (8}, was used. While, for
methods~(C) and (D), fourth, Cifth, and sixth virials
were neglected in the Epstein equation of state, which

reduced to equation (11).
The proposed method—(A) which only requires the

ii



information on e¢ritical properties, gave results
within the acceptable range of accuracy for all the
four compounds. The other methods gave poor results.
Epstein has suggested that his equation is valld only
for non-polar and spherical wmolecules., It is, however,
shown in this work that his equatlion is also valild
for linear molecules, if the force constants from
eritical properties are used in the evaluation of
second and third virial coeflicients. The proposed
method-{A) requires only three parameters l.e. criti-
cal constants, and is comparable in accuracy to the

seattle~Bridgeman equation.
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LiiTRODUCTICON

Engineering design work and petroleum industry
operations require an accurate prediction of the
pressure~volume~temperature behavior of gases, Assump=
tions made for calculating these properties under
ideal gaseous conditions do not appl, ifor real gases,
thus the equation

PV = RT (1)
cannot be used [or real gases. iiowever, the introduc-
tion of the compressibility factor will allow the use
of the eguatlion

PV = ZRT s (2)

where Z is the compressibllity rfactor.

In recent sears, several attempts have been made
to establish a more acceptable form of the equation of
state, Several chartsl‘2’3 are avallable from the laws

of' corresponding states which have been discussed many

times3’u. Generalized equations of state which have

appeared in the literature in the form ol analytical

expressions, were modified van der Waul equaticn5,

generalized Beattie-Bridgeman equatiou6, a modified

equation of DietericiT, a modiried Benedict equations,

' 0 11
and forms suggested by Joffeg, wOolseyl s Su et al »12

and Hirschielder et 3113.



A current equation o: state suggested by Epsteinl5
which is theoretically valid up to critical density
involves six virlal coefficients. In the present work,
results obtained {rom the Epstein equation of state
using methods ol evaluation for the second and third
virlals, are compared with the experimental value of

the compressibllity factor,

The virlal Equatlon and its ﬁevelopment:

In recent years, an accurate approach has been

suggested for the equation of state. In 1901 Onneslb

suggested the expansion in terms ol a power series;

BN _p .  B(m) , c(r) _ p(T) . 3
RT Z 1 4 (V) + (v)g -+ (v)3 ¥ ssacsae (.J)

whieh 1s known asg the virial equation oi state. 1In the

above equation (3) experimental data can be fitted
over a wide range of temperature and pressure., The
teras B(T); c{T), and D(T) ete., are known as the
second, third, {ourth, and higher virlal coefficlents
and are also taken as a funetions of temperature. The
virial coefficients are used to give the deviations
from 1deality 1n terms of attraction and repulsion
forces between the molecules during the collisions.
The above equation (3) was used only to fit the
experimental data. Later, it was proved that the



equation (3) is theoretically and empirically cor-
rect., Irom statistical mechanies, 1t has been shown
that the virial coeffieients may be derived in terus
of the intermoleecular potential functions. This is

well treated by Hirsehrelderil.

The Lennard-Jones 6-12 potentiall7

can be employed
in the evaluation of second and third virial coeffic-

ients., This potential can be wrltten as:

P =s (@ ©° ()
where ¢ and ¥ are parameters in the intermolecular
potential function, From the above mentioned Lennard-
Jones 6-12 potential the second and third virials ean
easily be calculated in terms of reduced gquantitles

B¥(1*), and ¢*(7*) using the relationships:

B(T) = b B*(T7) : (5-a)

c(T) = b2 ¢*(r") , (5-D)

* LT

T é/k s (e)
and b, = 2/3 X NG 3 (6-2)

The force constant €/k and kinetic constant b,
have been established for some gases by varlous
workers and are listed by Hirschfelderlh. The values
of B¥(T") and ¢*(7") which are runctions of the dimen~

slonless quantity T* are glven by Hirschfelderlg.



It is evident from the above mentloned outline
that knowing the constants €/k and by, second and
third virlial coefficlents can be calculated. iorce
constant €/k and kinetic constant b, are established
for some gases. Ffor most of the hydrocarbong the cons=~
tants are not yet determined. Hence, it is necessary
to use values of G/k and bg which can easily be predic-
ted from the critical constants, since it has been
shown that these constants can be obtained from the
critical properties of gases by Hirschfelder et a1lt
and Nelson et a118. The relations are purely emplrieal
and derived by taking average values with the help of
the law of corresponding states, The relationships of

: 18 .
Nelson and Obert are:

€/k = 0,756 Tg and (7-a)
by = 17.0 Tg /p, (7~b)

where T, is the critical temperature in QK and P, is the
eritical pressure in atm. Hirschfelder proposes simllar
equations but with different numerical constants., The
relationships of Helson et al are used throughout this

work.

Uging the force constants, the dimensionless quan=
tity‘T* can be caleulated and, using the tables given
in refrerencellt, B*(T*) and ¢*(T") can be determined to

give the values of second and third virial coefficients.



Epsteln Equation of State:

Using the virial equation of state and also using
the analytical information from the pressure-volume=
temperature behavior, Epsteinl5 hasg suggested an
equation of state., IHis equation is valid up to the
critical density and involves six virlal coefficlents.

The equation is:

' ] m 3 |
-y B, em (n' B ¢ Te 3
YT T we {(vﬁ T (v)fﬂz = ©

In thls equation the gecond and third virial

coefficlents can be calculated és mentioned in the
foregoing discussion. The procedure of evaluating
fourth, fifth, and sixth virial coefficlents is more
complicated because 1t involves Intermolecular forces
due to four, five, and six molecule collisions respec-
tively. The expression developed by Epstein agsumes
that these coefflelents are dependent on temperature

in terms of the same factor, (T, /1)3. The factor (% /1)
in the above equation of state is purely empiricasl and
suggested by the fact that the Beattie-Bridgeman egua-
tionl9 ineludes the fourth virial coefficient which has
the form Bobc/(T)s.

Using the c¢ritical constants and the application



o

of the critical condition,

(28) = (£D) = : (9-2)
Epstein has proposed the following eqguations for the
constants D', E', and ¥' in equation (8):

6B(T 3c(T 3
(T,) ("W(e)

¥

D = [%SZG - 10, = (Ve) - (Ve)z } v , (10-a)
. - 85(1,)  3¢(T,) |
= [=2bz. + 15. ¢ 4 -
E Lneizc b+ 15, + o) + (vc)z,J (Ve) ’ (10-b)
7' = |10z, - 6. - 38(Te) . ST (ve )2 (10-¢)
oo (Vo) (Ve)? ] ,
where PaVe= ZoRTa (9-b)

In applying above equations it 1s necessary to
compute second and third virials at the critical
temperature. The other necessary data are the critical
constants. Knowing five parameters Py, Voy Tos €/k%,
and by, pressure~volume-temperature behavior can be
established up to the critical density. Equations
(9-a) and {(9-b) for the eritical conditions show that
the equation (8) can be Jjustified up to the critical
density point.



Purpose of the Thesls:

from the foregoing discussions it is clear that

the equation (8) requires a proper computation pro~-

cedure for the virlal coefficients, or 1t can be sald

that it requires the use of proper force constants.
However, it 1ls known that the force constants are
related to the critiecal constants. The relations
have been shown in the equations (7-a) and (7-b).
These relationships are valld only for non-~polar
molecules. The purpose of the present work 1s to
test the equation (8) by using methods:

(8) using force constants derived from critical
conatants and

(B) using force constants from second virial coef-
ficients in the literature, based on experimental

P=V«T data,

The virlal equatlon of state can be written in

the form:
(v) (v)e

omitting all the higher virlal coefficients. The

relative accuracy of equation (1l) as compared with

(11)

equation (8), 1s evaluated in the present work by using

two methods:

{¢) wusing the foree constants derived from critical



constants and

(D) using force constants from second virial coef-
ficlents in the literature, based on experimental
P77 data,

The four hydrocarbons l.e. {1) Ethylene, (2)
Ethane, (3) Propane, and (4) n-Butane were selected.
The reasons are:

(1) these are non~polar compounde, which Jjustifies

the proposed method (A),

(2) the force constants for these compounds are avail-
able 1n the literature, and .

{3) these hydrocarbons have been used in the deriva-
tion of generalized charts and equations of state, such

as the Benedlct-Webb-Rubin equation.

These compounds were used in all the four methods
and the results were compared wlth the experlimental

data,



EROCEDURE

Pata involving a wide range of temperature and
pressure were used in all four methods;
(A) wusing equation (2} and force constants from
equations (7-a) and (7-b),
(8) wusing egquation (8) and force constants taken
from literature,
(C) using equation (11) and force constants from
equations (7-a) and {(7-v}, and
(D) using equation (11) and force coanstants taken

from literature.

The critical properties for the compounds;
(1) Ethylene, (2) Ethane, (3) Propane, and
(4) n-Butane are listed in table-(1).

Selection ol P-V-1 Data:

The experimental pressure-volume-temperature
data ior the above listed compounds were previously
determined b various workers. Since this work is
restricted to non-polar molecules, choice fell on
hydrocarbons. These hydrocarbons are non-polar in
molecular structure and are non-aspherical, The first
method which is proposed in this work is valid for

non=-polar molecules and requires only eritical data.



CRITICAL CONSTANTS

TABLE I

10

Comp., T P v Refl.
¢ ¢ ¢
deg. K atm. c.c./mole
Ethylene 283.1 52.5 124 .0 35, 36
Ethane 305 .4 43,2 148,0 37
Propane 369,9 42,0 200 .0 37
n=-sutane 45,2 37 .5 255 .0 3T
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The P-V-T data were taken from references listed
in table (II). For ethylene, nine isotherus were
selected at different intervals of temperature, while
seven isotherms were selected for n-butane at a reg-

ular interval oi sixty degrees v,

Evaluation of B(T) and C(7T):

In order to use equation (8) the second and third
virialg must be evaluated. The reduced quantities B*(T*)
and C*(T") which are related to B(T) and C(T) may be
interpclated using the reduced quantlty, ?*, ealculated
from equation (6). B*(T*) anda ¢*(T") as a function or
7", were determined from the Lennard-Jones 6~12 potential
and are given by Hirschfelder et alla. The second virial
coefficient for non-polar compounds can also be determined
by using the Buckingham~Corner potential which may be
called the exp. 0-8 potentlial. ior ethylene, Barua?l
suggested that both the Lennard-Jones 6-12 and exp, 6-3
potentials give an equally good it with the experimental
value of B(T). However, only Lennard-Jones 65-12 poten=-

tlal is used in this investigation.

For methods (A) and (C), T is obtained from

equation (6) using force constants from equation (7-a).

While for method (B) and (D), force constants irom
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TABLE II

REFEREHCES t'OR P-V~T DATA

Compound Selected Heferences Other Ref'erences
Ethylene 20 25,27

Ethane 21 28,29
Propane 22 30

n-Butane 23 31,32
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-

literature are used in order to calculate T%; Using
* * * * *
this T, B (T ) and ¢ (T ) are interpolated from
tables given in reference (14). The second and third
virials are calculated from equations (5-a) and (S-b).
The value of bo in these equations depends on the
method used, i.e. (A8) vs. (B) or (C¢) vs. (D). The
same procedure ls repeated for each temperature and

then repeated for each compound,

In the simllar manner, the second and third virial
coeiTlcients are determined at the critical temperature
by each method and are listed in table (III) and (IV)
along with the force constants. ror methods (A) and
(8), the constants, D‘, E', and ﬁ' are calculated f{rom

the equations, (10-a), (10-b), and (10~c) respectively.

Thus, required virial coefficients and constants
are determined in order to use equations (8) and (11).
Yor every temperature and method, volumes from exper-
imental p-v~t data are used to calculate the compress-~
ioility factors for each compound. Knowlng these
calculated values, deviations are computed from the

experimental data.

To calculate compressibility factors, a computer

program has been set up on the IBM 15620 computer, after



TABLE IIX

PORCE CONSTANTS #ROM CRITICAL DATA

AND

SECOND AND THIRD VIRIALS AT Ts

Compound €/ b, B(T,) ¢(T,)
°x c.c./mole

Ethylene 214,02 95.301  -1456,25 5305,3

Ethane 230,88 107.714  -165,29 6777.3

Propane 279 .64 149,721  -229.76 13094.3

n-Butane 321.45 192.7590 -295,80 21703.8




TABLE IV

FORCE CONSTANTS FROM LITERATURE

AND

SECOND AND THIRD VIRIALS AT Tc

15

compound  €/k b, 8(T,) c(1,) Ref.
o
K c.c./mole
Ethane 243 .0 78 .0 -131,.63 3605 .2 34
Propane 282,0  226.0  -201.43 27381 .4 34
n-Sutane 297.0 155.,0 -204.,32 13468 ,2 34

*  pForce constants from experimental second virial

coefricients are taken from the reference (14), Hirsch-

felder e

New York, John Wiley & Song, 1954; p. 1110-17.

t al,

Violecular Theory of Gases and Liquid?!,
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evaluating the required virial coefficlents and
constants., The consistency of results is to seven
figures in the calculated compressiblillity factors,

but results are rounded off to four {igures.



DISCUSSION O RESULTS

The deviations of computed values from the
experimental values are tabulated in tables (V)
through (XX). 'The deviations are calculated by
dividing the difference between the computed and the
experimental value by the experimental value, The
gsecond and third virial coefflecients, as a function
of temperature, are also tabulated in tables (XX)
through (XXIV).

The Lennard-Jones $-12 potential gives results
for the second viriallcoefficient in agreement with
experimental values. The third virial coefficient is
doubtful, as it 1ls mentioned 1n the introduction that
the third virlal coefficient is also evaluated from
the Lennard-Jones 6-12 potential, since this potential
gilves a poor agreement between the experimental and
calculated third virial coeificlent for non-spherical
elongated molecules., Hence it is necesgsary to employ
a correction factor in this potential for elongated
molecules or other potentlals should be used in the

evaluation of the third virlal coefficient,

A semiempirical relationshlp between the critical
constants and the chain length of hydrocarbons hasg
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been established by Rastogl and Girdhargg. This rela-
tionship can be used in the evaluation of virial coef-
flclents to give better results. It is used indirectly
in the proposed method-(A}. In fact, the proposed

method-(A) gives better results than method-(B).

The results would have been better if B (T) and
C*(T*) were calculated from equations rather than using
the interpolation in tables. In interpolation, 1t is
assumed that the ﬁ*(T*) and C*(T*) are linearly related
to T between two terminal values of T*. This linear
relationship 1s not valid. At terminal values of T*,
ﬁ*(T*) and ¢"(1°) may agree with the experimental
. values but as the value of T* moves from the termlnal
values the interaction of molecules wlll vary between
the termlnal values of T* and will give deviation from
the true one. The equation is very s€nsitive to the
value of the second virial coefficient, Even a small
change in the value of the second virial coefficient
will glve a large deviation ln the compressibility

factor.

Figures (1) through (4) give the comparison of
second virlial coefficients calculated for each method
versus temperature in degree Kelvin. #sigures show

that the second virial coefflcient ecaleulated fronm
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eritical constants differs from the second virial
which is caleculated using the force constants baged
on experimental data. The difference lncreases as
the chain length of the hydrocarbon increaseg. The
second virlals for ethylene are nearly identical,
since it 1s a short molecule, whereas, curves of

second virials for n~-butane are separated,

Figures (%) through (3) show the third virial
coefficients for each method versus temperatures in
degrees Kelvin, These figures show that the thlrd
virial coefflclents also differ more as the chain

length of the hydrocarbon increases.

RESULTS (SPECIFIC):

Ethylene: The percent deviations for respective
methods versus pressure at each isotherm are shown in
figures (9) through (12). The figure (9) which is for
method-(A) shows the least deviations among all the
methods. In figure (9), at each isotherm, the devi-
ation at high density is less than one percent and
almogtly linear with pressure. While, at low density
deviation lncreases as the temperature increases., The

maxlmum deviation for the top three highest isotherms

is 4,5 percent. Except for these three points, the
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deviation 1g less than 3.0 percent. It is clear from
the figure (10) that proposed method-(4) gives better
results than the method-(B). The maximum deviation
at low density is more than 7.0 percent. Deviation
at low density decreases as the tempefature increases.
Figures (11) and (12) show that the deviations for
ethylene using methods-(C) and {D) are high at all the
temperatures., This shows that the higher virlials are
effective beyond one tenth of the critical density.
The equation (11) does not justify itself beyond some
pressures where collisions between four and higher
numbers of molecules occur. The equation (3) is best
sulted and glves better results for ethylene if the
force constants are evaluated from the critlical data,

which considers the effect of the chain length of

hydrocarbons,
Ethane: Deviations of thls coupound are plotted

against pressure at each temperature. The proposed
method-(A) gives the best agreement for this compound.
Figures {(13) through (16) show the deviations for the
regpective methods. In figure (13), the deviation
varies smoothly with pressure giving less than 2.5

percent deviation. The deviation at low density in-



2l

creases ag the teaperature lncreases. The maximum devi-
ation is 3,01 percent for a few polnts. The curve for
each isotherm 1s almost a straight line and all curves
except the one at 1@8.0°F are on the negatlive side.
Thls shows that the deviation 1s systematlc for all
temperatures. sdethod~(L) zives smooth curves with
pressure but the deviatlions at high denslty are higher
than for the proposed method-(A). In figures (15) and
(15), deviations for methods-(C) and (D) are plotted
for each isotherm. The results are worse beyond appro-
xilmately one sixth of the critical dengity, where
collisions between four or higher numbers of molecules
occur. This shows that the equation (11) works up to

a certain limlt of density. HRemarkably, deviations at
the high densities decrease wlth the increases 1in

teaperature.

Propane: Deviations for propane are shown in figures
(17) through (20). ¥izure (17) 1s the better cholice at
high temperatures, while figure (18) 1is good at low
temperatures., ‘The proposed method-(A) gives a slightly
higher deviatlon at low teumperatures than the method
(). Conversely, method-(B) glves worse results at
high temperatures than the proposed method~(A), The
method-(A) 1s the best of all the four methods. The



22

maximum deviation is 3.5 percent occuring only at one
temperature. At the temperature of 280.0 ¥, there is a
little peak which gives maximum deviation for method-
(). Otherwise, method-{A) zives less than 3,0 percent
deviations. This peak occurs in all four methods, It
is possible that this peak might be due to experimental
error, Method-(B) i.,e. figure (13), zlves uore than
10.0 percent deviations at high temperatures. iMethods-~
(C) and (D) 1.e. figures (19) and (20), gilve greater
deviations than methods-{(A) and (B) respectively because
fourth, fifth, and sixth virial coefficients are ne-
glected. However, method-(C) which derives the force
constants from critical constants, ls better than the
method-{D). The proposed method-(A) gives the smallest
deviations up to the c¢ritical density.

n-Butane: Figures (21) through (24) show the deviations
for n-butane., Method-(A) i.e. figure (21), glves the
best results for n-butane up to the critical density. It
gives less than 2.5 percent deviations, while the other
methods gilve more than 10.2 percent deviations. It is
clear from figures (22) and (23) that method-{(C) is
better than the method~-(2). This indlcates that the

chain length of elongated molecules becomes more lmport-
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ant as it increases. Flgure (21) for method-(A) shows
that the proposed method 1s better than the other three
methods, In figure (22), curves at some isotherus are
returning to the zero deviatlion line after giving max-
ilmum deviations. This 1s due to the fulfillment of the
critical conditions in equation (8). Methods~(c) and
(D) 1. e. Tigures (23) and (24), give increasingly

poor results, because fourth, fifth, and sixth coef-

ficlents are neglected in these methods.

Generally, method~(A) gilves better results than
the other methods., Equation (8) works better than
equation (11) in which fourth, fifth, and sixth virial
coefficients are neglected., Force constants from cri-~
tical constants give better results than the force con-
stants from literature which are based on second virlal
coefficients from experimental data. From figures (9)
through (24) it is clear that the method~(B) becomes
worse ag the chain length of hydrocarbons increases,
i. e. from ethylene to n-butane., While method-{(A) gives
better results than method~(B) from ethylene to n-butane.
Another reason why method-(R) is inferior is that the
Lennard-~Jones 5-12 potential gives poor agreement be-
tween experimental and calculated third virial ccef-

ficient for elongated molecules. The chain length of
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elongated molecules plays a vital role in the interaction

due to collisions of molecules.

It can be generalized from the results that the
equation (8) is more realistic for elongated molecules
if the force consgtants are evaluated from critical con-
stants, As the pressure lncreases, higher virial coef-
ficients become more effective. The other advantage of
the proposed method-(A) is that it does not require
information about force constants. If critical constants
are provided, the pressure-volume-temperature behavior
of gases can easlly be established. #ethod-(A) is as

good as the Beattie-Bridgeman equation.



COHCLUSIONS

The Epstein equation of state i.e. equation (&),
gives better results than the equation (11) which
excludes fourth, fifth, and sixth virlal ccefficlents
of equation (8). The equation (3) is valid up to the
eritical denslity because {ourth, fifth, and sixth
virial coefficlents are derived using the critical
conditions. Epstein suggested that the equation (3)
gives better results for gases which have spherical
shape 1n molecular structure, But 1t is shown in this
work that the proposed method-{A) which uses force
congtants from critical data in the evaluation of
second and third virlal coefiicients, is as good as
the generalized Beattle-Bridgeman equation for hydro-
carbons which are non-polar in molecular gtructure,

i.e. non-polar linear molecules.

Since the Epstein equation of state is vallid up
to the critical density, the proposed method-(A) is
also vallid up to the critical density. The proposed
method~(A) is restricted to non-polar molecules. iHence

it cannot be generallzed for all compounds.

If the ceritical constants are provided, pressure-

volume~temperature behavior of non-polar nydrocarbons



can easily be established with reasonable accuracy up

to the critical denslty by using the proposed method-
(A).
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RECOMMEADATIONS

The results of the method-{A) suggest that this
method-(A) should be tested for more compounds using
different potentlials in the evaluation of second and
third virial coefficients. The encouraglng results
of the proposed method-(A) suggest that the equation
(3) can be used in derivations of equations for thermo-
dynamic properties i.e. internal energy, enthalpy, and
entropy etec. The proposed method-(A) and the method~
(B) can be compared simultaneously with experimental
values for these properties. Using the Epstein equa~
tion of state, equations for these properties can be

derived as follows:

Internal Energy: The deviations of internal energy

from the ideal gas values @may be written in the form

of egquyation: o

. O ap .
U=U == f T[(w)v - P ] av (12)
v
To integrate the above equation (12), 1t 1is necessary
to deﬁive the term (g%)v from the Epstein equation of

state which can be written as:

_P _ 4, B(M . (1. D ., E ¥
7 = ﬁﬁ I o3 I 5t g + 75 (13)
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where D, E, and F are given by the followlng equations:

- 6 B(T) 3 c(T,) e ] 3
D= |152, - 10.0 - —2 - 5 ]vg [Tﬁ] (14)
¥ ?c :
r 3
8 (r,) 3c(1,) r
E = )}24 Zg + 15,0 + — e ]‘%LT& (15)
‘o Ve

2 i 3
F = [10 Ze - 5.0 - "jme) - C(TG)J Vo JLE,;E] (106)
Ve

Differentiating equation (13) with respect to T and
keeplng V constant, will glve:

Xdﬂ - RP L B(m o) i. p E _F ]

ariwv v v ) R B
~ _ (17)
RT | dB ac  dp dE ap ]
P\ var t Vear T Vlar " V¥ar T VBar

In order to get the first derivatives of fourth, fifth,
and slxth virial coefficlents, 1t is required to diffe-
rentiate equations (14), (15), and (16) respectively
with respect to T. This leads to the following three

equatlions:

Ve vE T

oy ) T r 3
g.g. - Elss Zo = 10,0 = 6 B(Te) _ BC(T")} ved t”%“' } (18)
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dE 3T

= = |24 zc + 15.0 + 52(Te) 3C(T°) gt [ =310°

ar L Ve Vc - (19)

ar . 3B(Te) C(Tc) ~3Te

5 = [io Z¢ = 5.0 = (20)
Ve Vg

Substituting equation (17) in equation (12) and
integrating it as a definlite integral, leads to the
followlng form:

Uaety=opy TOB, TA , T4 , TdE  TdF | (21)
v aT 2vedr 3v3dar  Wlar  svBar

In the above equation (21), some of the terms in
the right hand side can be written as reduced gquantities,
The first derlvatives of second and third virial coef-
fleclents can be obtalned from the tables glven by

Hirschfelder et alla in the following way using the

reduced quantity T

IR
B} = T’”% = £ (1" | (22)
* * ac” ' *

In order to use equation (21), it is necessary

to use equations (18), (19), and (20) for the first
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derivatives of fourth, fifth, and sixth virial coef~

ficients,

Enthalpy: 1In the simllar manner, equation for enthalpy
can be derived. The enthalpy departure of a real gas

from the ideal gaseous state can be given as:

H = HO = PV = BT = -//ﬁ[j (g )V “'] av (24)

Substituting the term (9E/dT) from the equation
(17) and integrating between two limits, equation (24)

gives the following form:

- AT N\ A
H-HOmRTl}.}B ‘1‘3 +1 [g.TaC 3,1 p - 1ab
v ve 2 4T v 34T

1 « o T ap
+ r - (25)
W( 5@1‘)} >

\
In the above equation (25), second and third

virial coefficlents can be written in reduced terms
and can be valuated from tables. The first deriva-
tives of second and third virlal coefficients can be
obtained using equations given by Hirschfelder et allu
or from the tables using T*. The first derivatives of

fourth, fifth, and sixth virlal coefficients can bve
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calculated using equations (13), (19), and (20) which

require only the c¢ritical constants.

Entropy: The entropy departure of a real gas from the
ideal gaseous state can be represented by the equation:

O

S« 8% =<1 1n(P) +R 1n(£§ - \//l_(géﬂ - §:]dv (26)
RT v ar/ v v

\.

In order to integrate the equation (26), the terms
PV/RT and (4P/dT), should be substituted in terms of
equations (13) and (17) respectively. Integration of
equation (26) leads to the form:

_ 2
S - §0 = - R[in(?) y T 4B, 32 - ngc .2>b
v 4T 2ve  2ve  avear  3v3

+

T4 _3E, TJdE 4 F TGdF (27)
3"3 a7 AV‘L; l{,\fa’é*f 5‘3;‘5 S‘fsdT

The above equation (27) can be reduced in some
of 1ts terms. The virial coefficients can be calecul-~
ated from the equations or from the tables given by
Hirschfelderla. The first derivatives of second and
third virlals can be obtalned from tables, whlile equa~
tions (18), (19), and {20) can be used for higher

virials derivatives.
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The deviatlions of internal energy, enthalpy, and
entropy from the ldeal gas values wmay be derived using
the equations (21), (25), and (27) respectively. The
first derivatives of fourth, [ifth, and sixth virial
coefficlents can be calculated from the equations (18),
(19), and (20) respectively. The first derivatives of
gecond and third virial coefflcients can be evaluated
from the reduced quantity ¥ using tables given in

referencela.

An attempt should be made to evaluate the conslst-~
ency of equations (21), (25), and (27) with experi=-
mental results when usling force constants from critical

properties.



APPENDIX
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TABLE V

SUMMARY OF CALCULATIONS #OR ETHYLENE
USING METHOD-A

Temperature: 60,0%%

¥ %

Pressgure Volune Z Z ¢. Dev,
atm, cu.ft./1b. exp. cal. ’
1.0 13.453 0.,9946 0,9940 ~0 .06
2 .O 6 0683 O 09882 0 0988{) "“O nOE
6.0 2.168 0.9617 0.9633 +0 .17
8.0 1.604 0.9487 0.9506 40,20
15.0 0.811 0.8994 0.9036 +0 47
20,0 0.583 0.8620 0.3673 +0 .61
25,0 0.443 0.8188 0.8277 +1.09
30,0 0.350 0.7763 0.7852 +1.15
35 0 O -281 O c7271 0 0737}4 +1 .&2
40,0 0.228 0.6743 0.6838 +1.,.41
50 .0 0.138 0.5101 0.5235 +2.53
60.0 0.069 0.3061 0.2990 -2.,32
Temperature: 100.0%
2 .O 7 -217 O 09909 0 .990& "O .05
4,0 3.571 0.9806 0.9806 0.00
6.0 2.356 0.9704 0.9707 +0.03
8.0 1.753 0.9627 0.9608 -0,20
10.0 1.382 0.9487 0.9505 . +0 .19
15.0 0.897 0.9237 0.9244 +0.,08
20.0 0.052 0.8952 0.8972 +0,22

*  Method-A: Z,g7,  is obtained using the equation (8)
and also usling generalized form for the force constants.

** Zeoxp, Observed in reference (20), York, R., White, E.
f., Trans. Am. Inst, Chem. Engrs., Vol. 40, 1944; p. 227-245,
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TABLE Vv (CO#TINUED)

Teaperature: 100,0°% (cont'd)

Pressure volune pA Z 7. Dev,

atam. cu.ft./1b. exp. cal. ’
25,0 0 504 058650 0.35685 +Q .22
30.0 0405 0.8341 0,.83685 +0 40
35.0 0.333 0.8001 0.8065 0 53
40,0 0.279 0.7661 0.7729 +0 .80
5_0 .‘O O -201 O -6899 O .46:982 “7"1 020
60 .0 0.144 0.5931 0.6068 +2.31
80.0 0 .08z 0.4503 O.h4512 +0 .20

Temperature: 160.0°F

5.0 2.633 0.9795 0.9787 ~0 .08

3.0 1.960 0.9722 0.9715 -0.07
25,0 0.585 0.9068 0.9078 +0.11
30.0 0.478 0.8891 0.0884 ~0.08
40.0 0.341 0.8457 0.8477 +0 .24
50.0 0.259 0.8029 0.8055 +0,32
60 .0 0.205 0.7626 0.7629 +0.04
80.0 0.137 0.6795 00777 ~0 .26
100,90 0.097 0.6014 0.6050 +0 .60

150.0 0.062 0.5766 0.5578 «3,26
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TABLE Vv (CONTINUED)

Temperature: 220.009

Pressure volune yA Z A % Dev,
ata, cu.ft,./1b, CxP. cal. ’
1.0 17 560 0.99353 0.9974 ~0.09
2.0 8.800 0.9958 0.9943 -0 .10
4.0 4,380 0.9904 . 0.9895 -0,09
5.0 2.905 0.9853 0.9842 ~0.11
8.0 2,157 3.9800 0.9790 0,10
25.0 0.0601 0.9341 0.9333 -0,08
30.0 0.5A§ 0.9208 0.9197 -0.12
35.0 0.45 0.9062 0.9059 -0 .03
50 .0 0.248 0.8411 0.8377 -0 ,40
120.0 0,104 00,7055 00,7029 -0.37
Temperature: 280.0°%%
1 OO 19 0230 0 59989 O .998{) "'O 0{)9
2 .O 9 ODOO O o99?3 O 09961 “"0 012
4,0 b.,781 0.9934 0.9921 -0.13
6.0 3.174 0.9892 0.9882 -0,10
10.0 1.089 0.9812 0.9803 -0,09
15,0 1.247 0.9716 0.9705 -0.11

20,0 0492 0.9520 0.9607 ~0 14
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TABLE ¥ (COWTINUED)

Temperature: 280,0°F (conttd)

Pressure Jolume Z Z % Dev.
atm. cu.tt./1b. exP. cal.

25 .O O 0733 g 09519 O 09508 "O .12
50 .O O 031'!’8 O -9038 O .9025 "“0 .1'4
60 .0 0 .285 0.8862 0.8841 -0,45
100 .0 O |158 0 08207 O .8173 "'O oa‘l
120.0 9.128 Q.7978 0.7923 ~0.69
2(}0 .O O 5075 0 07791 O 07619 ‘2 .21
250.0 0.062 0.8051 0.7790 -3.24

Temperature: 340.0%

1.0 20 .300 0.9994 0.9985 ~0 ,09
2.0 10.390 0.9984 0.9970 ~0,14
4.0 5.178 0.9951 0.9941 -0,10
640 3.4k42 0.9922 0.9911 ~0.11
3.0 2.573 0.3890 00,9882 -0,08
15.0 1.359 0.9794 09779 -0 .15
20 00 1 .012 O -9724 Q 09706 "‘O .18
25.0 0.803 0.9645 0.9634 -0.11

50 .0 0.389 0.9345 0.9259 =0 .50
OO .O ) 9 5318 G 09167 O 09154 ““O 014
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TADLE ¥ (CONTINUED)

Temperature: 340,0°F (cont!'d)

Pressure Jolume Z Z % Dev,
atm. cu.ft./1b. €xP. cal. g
80.0 0.233 0,8955 0.8912 -0,49
100 .0 0,182 0.8744 0.8698 -0 4,53
120.0 0,149 0.8591 0.8524 -0,78
150.,0 0.117 00,8432 0.8346 ~1,02
200 .0 O 5089 0 g8552 0 08268 "'3 032
250,0 0.071 0.,8528 0.8408 -1l.41
Temperature: 400,0°F
1.0 22.370 0 ,9998 0.9989 -0 .09
2.0 11,170 0.9984 0.9978 -0 06
4,0 5.575 0.9966 0.9955 -0.11
6 .O 3 .702 O 0992.7 0 09932 “¥‘0 005
8.0 2.775 0'9922 0-9911 “'O .11
10,0 2,215 0.9899 0.9889 -0 ,10
20.0 1.096 0.9797 0.9781 =0 416
25,0 0.372 0..9T43 0.9726 0,15
20.0 0.722 0 .9680 0.9675 -0 .05
35 so O 0617 0 i9651 O 3962& "‘O 028
40,0 0.537 0,9600 0.9574 ~0 .27
60 .0 0.350 0.9385 0.9382 -0 .03
30.0 0.258 0.9225 0.9211 ~0.15
120.0 0.168 0.9010 0.8949 ~0.63

150.0 0.133 0.8916 v.3329 ~0.38




TABLE v (CO4TIUUED)

Teaperature: 400.0 § (cont'd)

Pressufe volume 2o Z .. Dev.
atm. cu.tt./1b. exp. cal.
200 .0 0,101 0.2025 0.8758 ~2.7£
250 00 O 0081 O 09050 O 088 9 "‘l *
Temperature: U450,0°F
4.0 5.970 0.,9976 0.9967 ~0,09
5.0 3.973 0.995%9 0.9950 ~0.09
840 2.975 0.9943 0.9934 -0 ,09
10.0 2.376 0.9926 0.9917 -0 09
15.0 1.57 0.9882 09877 ~0 .05
20,0 1.17 0.9843 0 .9337 ~0 06
25,0 0.938 0.9797 0.9795 +0,01
30.9 0.779 0.9763 0.9760 -0,03
15 gO 0 6666 Q .972“ O 59723 """O .Ol
0.0 0.579 0.9676 0 .9686 2,10
6C 0 0.381 049550 0.9351 +.01
83,0 0.254 0.9ﬁ92 0.3435 -0 ,59
100 .0 0.225 09400 0.9338 =0 66
120,0 0.186 0.9325 0.9261 ~0,69
200 .0 0.112 0.9358 0.9174 -1.97
250,0 0.092 0.9609 0.9257 ~3,56
300.0 0.079 0.9901 0.9438 -4 67
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TABLE Vv (COWTINUED)

Temperature: 500.0°F

Pressure - Volume Z Z 5: Dev.
atm. cu.ft./1b. exp. cal. ’
1.0 24,990 1,000k 0.9993 -0.11
2.0 12 .480 0.9993 0.998G -0.07
4,0 5.234 0.9933 0.9973 -0,10
8.0 3.125 1.0009 0.9945 -0,03
10.0 2.4383 0.9941 0.9932 -0 ,09
15.0 1.650 0.9909 0.9900 -0 .09
20,0 1.233 0.98573 0.9868 -0 05
25,0 0.933 0.9839 0.9836 ~0,03
30.0 0.317 0.9813 0.9805 -0.07
35.0 0.698 0.9781 0.9775 -0 .05
4o.o 0.509 0.9753" 0.9747 -0 .05
50.0 0484 0.9689 0.9692 +0,03
50.0 0.402 0.9657 0.0642 ~0,15
80.0 0.301 0.9541 0.9554 -0,90
200.0 0.119 0.9528 0.9339 -1.45
250 .0 0.099 0.9909 0.9477 -4 ,35

300,0 0.083 0.,9969 0.9659 -3.01
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TABLE VI

SUMAAR ¢ OF CALCULATIGHS FUR ETHILENE
USING METHOD=B

$) - O .
Temperature: 60,0 7

* %

Pressure Jolume Z Z ¢ Dev.
atm. cu.’t./1b, €Xp. cal. ’

1.0 13.453 0.9945 0.9937 ~0 .09

4.0 3,297 0.9750 0.9743 -0 .07

5.0 2,168 0.9617 0.9610 -0.07

8.0 1.604 0.9437 09476 -0 .12
10.0 1,264 0.9345 0.9338 -0 ,08
15.0 0.811 0.8994 0.3983 -0,12
20,0 0,583 0.8620 0.8606 -0.16
25,0 0,443 2,8188 0.8193 +0,12
30.0 0,350 07763 QIToh +0.01
35.0 0.281 0.7271 0.7281 +0,14
40,0 0.228 0,07T43 0.5T47 +0 ,06
50,0 0.138 . 02,5101 0.5192 +1.,78
50,0 0,009 0.30561 0.3088 +0 .32

Temperature: 100.0°:

1.0 14.510 90,9961 0.9949 -0.12
10.0 1.382 0.9487 0.9478 ~0,09
15,0 0.897 0.9237 0.9207 ~0,32
20,0 0.652 0.8952 0 .8924 -0,.31

*  Method-B: Z,57, is obtained using equation (8) and
also using established i'orce constants.

**  Zexp, observed in relerence (20}, tork, R. and White,

E. .y Trans. Am, Inst. Chem. Engrs., Vol. 40, 1944;

p . 227"2)45 »
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TABLE VI (CONTIMNUED)

Temperature: 100.,0°+ (cont'd)

Pressure volumne Z Z % Dev,
atm, ~ eu.rt./1b, exp. cal.
25.0 0,504 0.8650 0.8630 -0.23
30.0 0.405 0.8341 0.8325 -0,19
35.0 0.333 0.8001 0.8002 +0 .01
40 .0 0279 0.7661 0.7668 +0 .09
50.0 0.201 0.6899 0.6938 +0 .57
80.0 0.082 0.4503 0..4709 + 57
100.0 0.057 0.3913 04366 +11 .53

1,0 16.090 0.9975 0.9963 -0.13
2.0 8.015 0.9939 0.9926 -0.13
6.0 2.633 . 0.9795 0.9773 ~0.17
8 .O 1 096{) 0 09722 0 09703 "’3 .20
10.0 1.556 0.9647 0.9627 -0.21
15.0 1.108 0.9468 0.9438 -0.32
20,0 0.743 0.9275 0.9245 -0,32
25.0 0.585 0.9068 0.9049 0,21
30.0 0.478 0.8891 0.8854 ~0.42
0.0 0.341 0.8457 0 .8450 -0 08
50,0 0.259 0.3029 0.83041 +0.,15
60.0 0,205 0.7626 0.7639 +0 17
80.0 0.137 0.5795 0.6878 +1.22
100.0 0.097 0.6014 0.56306 +4 86

150.0 Q0.062 0.5766 0.,6205 +7 .02
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TASLE VI (CONTINUED)

Temperature: 220.0%

Pressure volume Z Z v Deve
atm. ¢u.it./1b exp. cal.
2.0 8.808 0.9958 0 .9946 -0.12
k.0 4,380 3.9904 0.9392 ~0.12
(3 00 2 ‘905} Q 09853 (D t9838 "'O 015
10.0 1.724 S.QZ&é 0.9729 ~J 17
15,0 1.134 2.9615 0.9594 -0 .22
25.0 0.001 0.9341 0.9323 ~-0.19
30.0 0.543 0.92@8 0.9188 -0 .22
35 .0 0458 0.9002 $.9053 ~-0,10
50,0 0,309 08734 0 .3667 -0 .TT
50.0 0,248 0.8411 0.8408 -0,04
120.,0 131 0, THO8 Q.7572 $2,25
150.0 0,081 0.6868 07294 +5.20
200 .0 0,052 0.,7010 0.,7643 +3.,03
Temperature: 280.0%
2.0 9,600 0.9973 0.9960 -0.13
4,0 4,781 0.9934 0.9920 -0,.14
6 IO 3 0171‘; 0 .9892 0 .988{} "O 012
8.0 z.ggl 0.9853 0.9841 -0.12
10 'O 1- 9 0‘9312 0.9801 "'0 oll
15.0 1.247 0.9716 0.9703 -0.13




TABLE VI (CONTINUED)

Temperature: 280.0°F (cont'd)

Presgure Yolume A

Z

i Dev.

ata. cu.lt./1b, €Xp. cal.
30.0 0.605 0.9428 0.9415 ~0.14
35.0 0.514 0.9345 0.9322 -7 25
40,0 0445 0.9245 0.9230 ~0 17
50 .0 0.348 0.9038 0.9051 +0 .14
60,0 0,285 0,8832 0.3885 +0.03
80.0 0.205 0.8519 00,8582 +0 T4
100.0 0.158 0.8207 0.8343 +1,68
120.0 0,128 0.7978 0.8186 +2,61
150 .0 0,100 0.7791 0.8111 +,11
200.0 0.075 0.7791 0.8338 +7.01
250 .0 0,062 0.8051 0.8806 +9,33
Temperature: 340.0%¢
1.0 20,800 0.9994 0.9985 -0 .09
6.0 3’442 0.9922 009911 “'O .11
10,0 2.053 00,9864 0.9853 ~0,11
15.0 1.359 0.9794 0.9731 -0,13
25,0 0.303 0.9645 0.9640 -0 .05
35.0 0 565 0.9513 0.9507 ~0,12
50 .0 0.389 0.9345 0.9321 ~0 .26
50,0 0.318 00,9167 0.9202 +0,38




TABLE VI (CCNTINUED)

Temperature: 340,0°F (cont'd)
Pressure volunme Z A . Dev.,
atm, cu.it./1b. exp. cal. ‘

30.0 0.233 0.8955 0.9003 +0 .52
100.0 04182 0.8744 0 .88438 +1,19
120.0 0.149 0.8591 0.8747 +1.82
150.0 0.117 0.8432 0 .8699 +3 .07
200,0 0.039 0.8552 0.3853 +3,52
250 .0 0.071 0 .8523 0.9287 +8.91
Temperature: 400.0%

1.0 22.370 0.9998 0.9939 ~0.09
5,0 3.702 0.9927 0.9936 +0 .09

10.0 2.215 0.9699 0.,9894 0,05

15.0 1.469 0.9848 0.9843 -0 ,05

20,0 1.096 0.9797 0.9793 -0 Ol

25,0 0872 0.9743 0.97hk +0.,01

30.0 0.722 0.9580 0.0607 0 .16

35.0 0.617 0.9651 0.9652 +0 .01

0.0 0.537 0 9600 0.9608 +0,08

50 .0 0425 0.9497 0.9525 +0,30

60 .0 0.350 0.9385 0.9448 +0,6T

80.0 0.258 0.9225 0.9321 +1,04
100.0 0.205% 0.9162 0.9233 +0..77
120.0 0.168 0.9010 0.9173 +1 .86
150 .0 21,33 0.8916 0.9173 +2,88
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TABLE VI (CONTIHUED)

o
Temperature: 400.0 F (cont'd)

Pressure Volume yA Z ¢ Dev,
atm. cu.tt./1b. eXD. cal, ’
200.0 0.101 0.9028 0,9331 +3.35
250.0 0,081 0.,9050 00,9696 +7 .15
300.0 0071 00,9520 1.0073 +6,36
Temperature: 460.0°%F
1.0 23,940 1.0001 0.9992 =0 ,09
4.0 5.970 0.9976 0.9969 ~0.07
5.0 3.973 0.9959 0.9954 -0.05
10.0 2..376 0.9926 0.,9924 -0,.02
15,0 1.577 0.9882 0.9387 +0 .05
25.0 0.938 0.9797 0.9818 +0,21
3540 0 .665 0.972% 0.9755 +0,32
45,0 0.579 0.9670 0.9725 +0.,51
80.0 0.284 0.9492 0.9547 ) .53
150.0 0.149 0.9337 00,9504 +1.79
200 .0 0,112 0.9353 0.9681 +3.45
250.0 0.092 0 .9609 0.9971 +3.77

300.0 0.079 0.9901 1,0343 + 52




T

TABLE VI (CONTINUED)

Temperature: 500,0°F

Pressure Volume Z Z o Dev,
atm., cu.ft./1b, exp. cal,
1.0 24,990 1.0004 0.992& ~0,10
4.0 5.234 0.9933 0.9975 -0.03
5.0 4,150 0.9969 00,9963 -0 08
8,0 3.125 1.0009 0.9952 -0 5T
10.0 2.483 0.9941 0.9940 ~-0,01
15,0 1.550 0.9909 0.9912 +0,03
20.0 1.233 0.9873 0.,9885 +2,12
25,0 0.983 0.9839 0.9359 +0 .20
30.0 0.817 0.9813 0.9834 +0 .21
35.0 0,098 0.9781 0.9811 +),31
0.0 0.5609 0.9753 0.9789 +0 .37
80.0 0.301 0.9641 0.95666 +0.20
100.0 . 0.2B9 0.9569 0.,9539 +0.T3
120.0 0.199 0.9550 0.9637 +0.81
150,0 0.159 0.9549 0 .9680 +1.37
200.0 0.119 0.9528 0.9871 +3.01

300.0 0.083 - 0,9969 1.0545 +5,73
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TABLE VII

SUMMARY O CALCULATIONS <OR ETUYLENE
USING AETHOD=C

Temperature: 69.0°F

* %
Pressure Yolume Z Z & Dev.,
atm. cu.ft./1b. exp. cal. i
b0 3.297 0.9750 0.9758 +0 .08
6.0 2.166 0.9017 0.9633 +0,17
8.0 1.604 0.9487 0.9506 +0 .20
10.0 1.264 0.9345 0.9375 +0,32
15,0 0.311 0,.,3994 0.9035 +0.§6
20.0 0.583 0.8620 0.8672 +0 .60
25.0 0443 0.8188 0.8273 +1.04
35.0 0.281 0.7271 0.7357 +1,18
40,0 0.228 0.,07T43 0.6804 +0 .90
50.0 0.138 0.5101 0.5076 -0 49
60 .0 0.069 0.3061 0.1953 -36,20
Temperature: 100.09F
1.0 14,510 0.,9961 0.9952 -0 09
4.0 3.571 0.9306 0.93806 0.00
8.0 1.753 0.9627 0,9606 ~0,22
10.0 1.382 0.9487 0 .9805 +0 .19
15.0 0,897 0.9237 0.9244 +0 .08
20,0 0.652 0.8952 0.8971 +0,.21

*  Method-C: Z,,q 18 obtailned using the equation (11)
and also using generallized form for the force constants.

¥* Zexp. observed in reference (20), York, R., White E.¥.,
Trang, Am, Inst, Chem. Engrs., Vol 40, 1944; p, 227-245,
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TABLE vII (CONTIHUED)

Teaperature: 100.0°F (ecnt'ﬁ)

Pressure Volume A Z < Dev,
atam. cutft./lb exp. cal. ’
25,0 0.504 0.8650 0.3683 +0,38
30.0 0.4085 0.8341 0.8381 +0 .48
35.0 0.333 0.8001 0.8087 +3,70
4.0 0.279 0.7661 0.7715 +0,70
50 .0 0.201 0.6899 0.5942 +0 .62
60.0 0.144 0.5931 0.5957 +0 b4
80.0 0.082 0.4503 0.3952 12,24
100 .O O -057. 0 03913 O .2842 “‘27 -37

Temperature: 160.0CF

l .0 16 0090 O 0997’6 O l9965 "’O 011
4,0 3.978 00,9856 0.9889 -0 .07
3.0 1.960 0.9722 0.9715 -0 .07
10.0 1.5556 0.9647 0.9042 -0 ,05
15.0 1.018 00,9468 0.9459 ~0.,10
20 '0 O ‘71"'8 O O9275 O 092'?() "O 005
25 .0 0.585 0.90568 0 .9077 +0 .10
30.0 0478 0.6891 0.8882 -0.10
35.0 0.399 0 8659 0.8677 +0,21
40,0 0.341 0.8457 0.3471 +Q .17
60.0 0.205 0.7626 0.7602 -0.31
80.0 0.137 0.6795 0.6681 ~-1.68
120.0 0.077 0.5729 05224 -3 .81

150.0 0,062 05766 0. 4842 -156.,02
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TABLE vII (COWTINUED)

Temperature: 220 ,0°F

Pressure volume Z Z % Dev.,
atm. cu.it./1b. exp. cal. :
1.0 17 .660 0.9985 0.9974  ~-0.09
2.0 8.808 0.995 0.9948 -0.10
5.0 2.905 0.9353 0.9842 -0 411
8 .O 2 0167 O 09800 O 09783 ”"O .11
15 00 1 .13& O .9‘315 O 0960 “"Q .12
20 .O 0 083’8 0 99“7“’ 0 .9“’6“ ".0 .06
25.0 0.651 0.9341 0.9332 -0,.10
35,0 0.453 0.9062 0.9057 =0 05
50 .0 0.248 0,3411 0.8365 -0.55
100.0 0.131 0.7TH0S 0,7296 -1 47
120.,0 0,104 0.7055 0.0865 -2,69
150.,0 0.081 0.6868 0.5457 =598
200.0 0.002 0.7010 0.6234 -11.07

Temperature: 280.ODF

1.0 19.230 0.9989 0.9980 =0.09
2.0 9.600 0.9973 0.9961 - =0,.12
4,0 4,781 0.9934 90,9921 ~0.13
6 .O 3 .1734 O o9892 O 09882 “‘O .10
8.0 2. 1 (}09853 O 0981“3 ""O .10
10 .0 1 .ggg Q ¢9812 O 09803 ”O 009
15,0 1.247 0.97156 0.9705 -0,.11

20.0 0.926 0.9620 0.9606 =0.15
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TABLE VII (CONTINUED)

Temperature: 280.0°F (cont'd)

Pressure Volume Z Z % Dev.,
ata. cu.rt./1b. exp. cal. 7
30.0 0.605 0.9428 0.9410 -0 .19
60 .0 0,265 0 .8882 0.8835 -0.53
80 OO 0 0205 O 98519 O :8“;69 "‘0 959
120.0 0.128 0.7978 0.7854 -1.55
200,0 0.075 0.7791 0.7319 -5 .06
Temperature: 340,00F
1.0 20.800 0.9994 0.9985  -0.09
6.0 3442 0.9922 0.9911 ~0,11
8 .0 2 0573 O 09890 0 .9882 "'0 068
15.0 1.359 0.9794 0.9779  -0.15
30.0 0.664 0.9571 0.9562 ~Q .09
35.0 0.565 0.9518 0.9492 ~0.27
5G .0 0.389 0.9345 0.9287 ~0 .62

60,0 0.318 0.9167 0.9151 -0.17
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TADLE VII (CONTINUED)

Temperature: 340.0 F (cont?!d)

Pressure volume 2 Z % Dev.,
atm, cu.ft./1b. exp. cal. ’

30.0 0.233 0.8956 0.8903 0,59
100.0 0,182 0.8744 0.8679 -0 . T4
120 .O O 0149 0 08591 * D .8“‘90 "‘"1 318
150.0 0.117 00,8432 0.8274 -1.87
200.0 0.089 0.8552 0.8112 -54.14
250.0 0.071 0.8528 0.8140 -4 .55
Temperature: 400,0°F

4,0 5575 0,9966 0.9955 -0.11
5.0 3.702 0.,9927 0.9933 +3.00

15.0 1.469 0.9843 0.9834 -0.14

20,0 1.095 0.9797 0.9781 -0 .16

25,0 0.872 0.9743 0.9727 -0,16

30 ‘O 0 0722 Q 09680 O .9675 "‘D 005

35.0 0.517 0.9651 0.962L -0 ,28

50 .0 0.hes 0.9497 0.9475 C =0.,23

60.0 0.350 0.9385 0.9380 -0 ,05

80.0 0.258 0.9225 0.,9206 0,21
120.0 0,168 0.9010 0,8930 -0,89




TABLE VII {CONTIJUED)

7

Temperature: 400,0%F (conttd)
Pressure Jolume Z Z o Dev.,
atm. cu.ft./1b. exP. cal.
250.0 0.0381 0.8050 0.8730 =3 .54
300 .0 0.071 0.9520 0.8845 -~T.08
Temperature: 450,0°F
1.0 23.940 1.0001 0.9992 -0 .09
4.0 5.970 0.9970 0.9967 -0 09
0.0 3.973 0.9959 0.9950 ~-0.09
10,0 2370 0.9926 0.9917 -0 ,09
20.0 1.178 0.9843 0.9837 -0.06
25.0 0.938 0.9797 0.9798 +0.01
35.0 0.565 0.9724 0.9723 ~0.01
40,0 0.579 00,9075 00,9535 +0 .10
50.0 04561 0.9630 0.9617 -0,13
50 .0 0.331 0.9550 0.9550 0.00
120.0 0.186 0.9325 0.,9250 -0.80
200 QO O 0112 O 0935 O '9121 "‘“2 053
250 ,0 0.092 0.9609 0.9174 -4 .53
300.0 0.079 0.9901 0.9300 -5 .07




TABLE VII (CONTINUED)

Temperature: 500.0°F

Pressure Yolume %o Z “ Dev.
atm. eu.ft./1b. Sxp. cal. ’
2.0 12.430 0.9993 0 .9985 -0 .07
4.0 5.234 0.9933 09973 «0,10
{') 00 ‘u 01553 0 p9969 0 09959 ""O 010
3.0 3.125 1.,0009 09945 -0.63
15 .O l 0{35{) O i9909 O 09900 "“O 009
25 .0 0.983 0.9839 0.9835 ~0 403
35.0 0,608 0.9781 0.9776 = ,05
40.0 2 .009 0.9753 0.97h7 -0,06
50 .0 0.484 0.9689 0.9692 +0,03
60 .0 0.402 0.9657 0.9641 -0 .17
80.0 0,301 0.9641 0.9552 -0.92
120 .0 0.199 0 95060 0.9413 -1.49
200.0 0.119 0.9523 0.9348 -1.89
250 .0 0.089 0.9909 0.9410 -5 OU
300.0 0.083 0.9969 0.9502 -4 ,08
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TABLE VIII

SUMMARY OF CALCULATIOHS FOR ETHYLENE
*
USING METHOD=-D

Temperature: 60,0°F

*

,,,,,

Pressure volume Z Z % Dev,
atm. cu.ft./1b. exp. cal. |
6.0 2,168 0.9617 0.9510 -0 0T
15 !0 0 .811 03899£‘ 0 989 2 “"O u13
25.0 0.443 0.8188- 0.8194 10,07
30.0 0350 0.7763 0.7755 -0 ,09
35.0 00281 637271 607266 ‘0007
L’O .O O .228 0 a67z43 ’ 0 96721 '*{3 .33
50.0 0.138 0.5101 0.5093 ~0,16
60 .0 0.069 0.3061 02779 -9.,22
Temperature: 100 .0°F
1.0 14,510 00,9951 0.9349 ~0,.12
2.0 T.217 0.9909 0.9398 ~0,11
4.0 3571 0.9806 0.9795 -0,11
6,0 2.356 0.9704 0,9691 .  =0.13
8 .O 1 0753 0 09627 Q 9958 ‘ "‘O ‘I‘!’E
10.0 1.382 0.9487 0.947 -0 ,09
20 .0 0.052 0.8952 0.8923 -0 .32

* Method-D: 2 is obtained using equatién (11) and

“ecal.
also using established force constants.

** Zexp, Observed ln reference (20), York, R., White, E.
¥., Trans. Am. Inst, Chem. Engrs., Vol. 40, 1944; p. 227-245.
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TABLE VIII (CONTINUED)

Temperature: 100.0°F (conttd)

Pressure Yolume 2 Z 7 Dev.
ata, cu.ft./1b,  ©XP. cal.
25,0 0.504 - 0.8650 0.8628 -0 .25
30.0 0.405 0.8341 0.3321 -0 24
35 00 i) 0333 O 08001 O t7995 "O 008
40.0 0.279 0.7661 0.7656 ~0,07
50,0 0.201 0.6899 0.5908 +0,13
50,0 0 14& 0.5931 9] 6005 +1 .25
100.0 .057 0.3913 04253 +8 .69
Temperature: 160.0%F
1.0 16,090 0.9976 0.9963 -0,13
2 .O 8 0015 O 19939 0 09926 “"O 013
15.0 1. .103 9 .9465 ‘9h38 -0,32
20.0 0.748 0.927% 0.9245 -0 ,32
25.0 0.585 0.9068 0,9048 -0.22
30.0 0.478 0.3891 0.8852 -0 A4
35.0 0.399 0 .8659 0.8648 ~0.13
40 .0 0.341 0.8457 0.3445 <0 14
50 .0 0.259 0.8029 0.8030 +0,01
80.0 0.137 0.6795% 0.6819 +0.35
100 .0 0,097 0.6014 0.6180 +2.76
120.0 0.077 0.5729 0.5941 +3.70

150 .0 0.062 0.5766 0.6056 +5.03
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TABLE VIII (CONTINUED)

Temperature: 220.0%%

Pregsure Jolume Z 4 o Dev,
atm. cu.ft./1b. exp. cal. /
1.0 17,600 0,9983 0.9973 ~0.10
2.0 8.308 0.9953 00,9946 0,12
4,0 L .380 0.9904 0.9392 ~0.12
3.0 2.167 0.9800 0.9783 -0.17
10.0 1.724 0.9745 'o 9729 ~0.17
15.0 1.134 0.961 0.9594 -0.22
20,0 0.833 0.047 0.5458 -0 .17
25,0 0.661 0.9341 00,9322 -0 .20
30,0 0.543 0.9208 0.9187 0,23
40 .0 0.395 0.8931 0.8918 -0 .15
50,0 0.309 0.8734 00,8662 -0 .82
€£0.0 0,248 0.8411 0.8398 «0,15
£0.0 0,174 0.7369 0.7916 +0.50
100.0 0,131 0.7405 0.7522 41,58
120.0 0.104 0.7055 0.7264 +2.96
150.0 0.081 0.6868 o.?1u7 +4,36
200.0 0.062 0.7010 0.7530 +7 A2
Temperature: 280 .,0°F
1.0 19.230 0.9989 O 0.9980 -0 ,09
2 .0 9 060{) G 09973 0 Q9960 "'O ql3
l‘!‘ 0 l;' 3783. ) *993}4 ) -992{) -~ .1&
5,0 3,174 0.9892 0.9880 -0,.12
8.0 2.371 0.9853 0,9841 -0,.12
10.0 1.839 0.9812 ‘9801 -~0.11

20.0 0.926 0.9620 .9605 «0,16
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TABLE VIII (COWTINUED)
Temperature: 280.0°F (contt'd)
Pregsure Tolume Z Z % Dev.
atm, eu.rt./1b, eXp. cal, ’
25 ’cO O 0733 G 09§19 O 09509 "'O .11
35.0 0.514 0 .93145; 0.9321 () 420
50 .0 0.348 0.9038 0.9048 +0.11
50,0 0.285 0.8882 0.3880 -0.02
80,0 Q.205 0.8519 0.3570 +0 .00
100,0 0.153 0.8207 0.38319 +1.37
120.,0 0.123 0.7978 0.3145 +2.09
150.,0 04100 0.7791 0.8041 +3,21
200.0 0.075 0.7791 0.3232 +5 .56
250.0 0.062 0.38051, 0O .8‘718 +3 .27
Temperature: 340,0%F
1.0 20 .300 0.9994 0.9985 -0 .09
2.0 10.390 0.9984 0.9970 <0, 14
‘!‘l' 00 5 01?8 {) 19951 (} 3992','1 “"Q .1(}
6 oG 3 0&"42 {) 09922 0 oggll *‘O 011
15.0 1.359 0.9794 0.9781 ~0.1
20 .O 1 leQ O -972& O .9710 ""O ol
30.0 0.664 0.9571 0.9572 +0,01
40.0 0,491 0.9436 2.9441 +H 05
50.0 0.389 00,9345 0.9319 -0,28
£0.0 0.318 0.9107 0.9200 +Q 30
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TABLE VvIII (CONTINUED)

Temperature: 340,0°F (conttd)

Pressure volume Z VA % Dev.
atm. eu.ft, /1o, CxD - cal. :

80.0 0.233 0.3955 0.8997 XY IR 13
100.0 0.182 0.87Th4 0.8835 +1 .04
120.0 C.L.149 0,.8591 0.8725 +1.56
200.0 0.089 0.8552 0.8784 +2.72
250 .0 0.071 C.8528 0.9202 +7.91
Temperature: 400,0°F

1.0 22.370 0.9998 0.9939 -0 ,09
2.0 11.170 0.9934 0.,9973 ~0,06
6.0 3.702 0.9927 00,9935 +0 .09

10.0 2.215 0.9899 0.9894 ~0.05

15 .0 1.469 0.9848 0.9843 -0 .05

20 -0 1 .096 G .9797 0 l9793 "'O .OLJ'

25,0 0.372 0.8743 0.,9744 40,01

30.0 0.722 0.9680 0.9696 +0 .17

35 .0 0.517 0.9651 0.9651 0.00

40,0 0.537 30.8600 0.9807 +0 .07

50 .0 0425 0.9497 0.9524 +0 .23

60 .O Q 035Q Q a93 5 O ‘94‘&5 ”*’O 065

30.0 0.258 0,9225 0.9317 +1.00
100.0 0.205 0.9162 0.9225 +0 .09
120.0 0,168 0.9010 09,9155 +1.72

150.0 0,133 0.3916 0.9149 +2.,01




TABLE VIII (COWTIHUED)

Temperature: 400.0°%

Preasure Yolume Z Z g Dev,
ata. cu.ft./1b. €XD. cal. ’
200 ,0 0.101 0.9023 0.,9287 +2 .37
250 .0 0,081 0.9050 0.9633 +6 Al
300,.0 0.071 00,9520 1.0005 +5 .09
Temperature: 460,0 F
1.0 23.940 1.0001 0.9992 -0 .09
2.0 11.960 0.9993 0.9984 ~0 .09
6.0 3.973 0.9959 0.9954 =0.05
8.0 2.975 0.9943 0.9939 ~0 Ok
10.0 2370 0.9926 0.9924 -0 .02
15.0 1.57 00,9882 0.9887 +0 .05
2{) .0 1 .17 O 0983'3 0 .9852 “*‘O 009
25,0 0.938 0.9797 0.9818 40,21
35.0 0 .665 0.9724 0.9755 +0.32
50 .0 0461 0.9630 0.9670 +0 42
60,0 0,381 0.9550 0.9621 +0 . T4
80.0 0.284 0.9492 0.9545 +0 556
100.0 0,225 0.9400 0.9494 +1,00
150.0 0.149 0.9337 0.9490 +1 .54
200.,0 0.112 0.9358 0.,9652 +3,14
250 .0 0.092 0.9509 0.9929 +3.33

300.0 0.079 0.9901 1.0295 +3.98
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TABLE VIII (COuNTINUED)

Temperature: SO0.0°F

Pressure Volume Z. Z ¢ Dev.
atm, cu.ft./1b. exp. cal,
2 .O 12 02480 {3 09993 O ¢9988 "'O 005
4,0 5.234 O 0.9983 0.9975 -0,08
65,0 4,150 0 .9969 09903 -0 06
3.0 3,125 1.0009 0.9952 =0,87
10.0 2.483 0.5941 0.9940 -0 ,01
15.0 1.650 0.9909 0.9912 40,03
20.0 1.233 - 0.98T73 0.9385 10,12
25 .0 0.983 0.9839 0.985 +0 .20
30.0 0.817 0.9813 0.983 +0.21
35.0 0.698 0.9781 0.9811 +0.31
40,0 0.509 0.9753 0.9789  +0.37
50.0 0.484 0.9689 0.9748 +) 61
60.0 0,402 0.9657 0.9714 40,59
80.0 0.301 0.9641 0.9664 +0 .2k
100.0 0,239 - 0.9509 0.9035 +0 .69
120.0 0199 0.9560 0.9631 +0 T4
150.0 0.159 0.9549 0.9669 +1.20
200 .0 0.119 Q0 9523 00,9348 +3.30
250 .0 0 .099 0.9909 1.0099  +1.,92

300.0 0.083 0.9969 1.0502 5.35
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TAGLE IX

SUMMARY OF CALCULATIONS OR ETHANE
USIAG AETHOD=A"

Temperature: IOO.OOH

%

Pressure Volume A 7. % Dev.
psia. cu.ft./mole exp. cal. :
200 .0 27 .198 0.9057 0.9083 +o .29
400.0 11.393 0.7921 0. 7977 +0.71
600 .0 5,417 0,56411 0.6477 +1.03
800.0 2.203 0.2935 0.2974 +1.33
Températura: 160,00
0.0 - 1.0000 1.0000 0.00
400 .0 14,287 o 59# 0.8614 +0,23
6500 .0 8.527 0.7T84 0.7799 +0,.19
800.0 5.717 0.6878 0.68T4 -0 ,06
1000,0 3.911 0.5381 0.5855 -0 4k
1250.0 2.537 0.4769 0 ..4804 +0.,73
Temperature: 220,0°F
0.0 | 1,0000 1.0000 0.00
200,0 34,674 0.9508 0.9513 +0 .05
4oo .0 16,409 0,8999 0.9001 +0,13
600.,0 10.30k 0.8475 0.8466 0,12
1000.0 5.393 0.7394 0.7350 -0 .50

*  HMethod-A: Z,57, is obtained uslng the equation (8)
and also using generalized form for the force constants.

*¥*  Zexp, Observed in reference{2l), Reamer et al, Indus-

trial and Engineering Chemistry, Vo. 36, 1944; p. 957-958,
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TABLE IX (CONTINUED)

Temperature: 220,0% (cont'd)

Pressure Yolume Z Z “ Dev,
psia. cu,.it./mole exD . cal.

1250.0 3.940 0.5753 0 .6694 -0.87
2000,0 2.132 0.5845 0.5315 -0.51
Temperature: 280,0°%

0.0 - 1.0000 1.0000 0.00
200.,0 38,238 0.9635 0.9634 -0.01
800.0 8.474 0.8541 0.8508 -0.39

1000 .0 0504 0.,8194 0.8142 ~0.03
1250.0 4,948 0.7792 0.7716 «0 .98
1750.0 3,254 0.7TL7T5 0.7082 -1.30
2000.,0 2,782 0.7010 O.ﬁQlZ -1.33
2500 .0 2.216 0.6979 0.6839 2,01
Temperature: 340.0°0F

0.0 - 1.0000 1.0000 0 .00
6500.0 13.160 0.9201 9.9171 ~-J 433

1000.0 LY L 0.8712 0.8650 -0.71




TABLE IX (COJ4TINUED)

Temperature: 340.0%¢ (cont'd)

Pressure ‘Yolume Z Z % Dev,
psia. cu.ft./mole exp. cal.

1250.0 5.794 0.8440 0.8357 -3.98
2500.0 2.673 0.7736 0.7626 -2.,08
3000.0 2.262 0.7900 0.7605 ~3,00

Temperature: 400,00F

0.0 - 1.0000 1.0000 24,00
200.0 45,195 0.9798 0.9787 -0,12
400.0 22,145 00,9602 0.9578 =0 85
600 ,0 14475 09414 0,9376 -0 40
800.0 10.651 0.9236 0.9183 -0 .57

1000,0 8,368 0.9071 0.9001 =077
1250.0 0,557 0.8864 0.8794 -1.01
2000.,0 3.918 0 .8494 0.8356 -1.62
2250 .0 3450 0.8438 0,8281 -1,85
2500 ,0 3.107 0.8419 03243 -2,09
2750.0 2.832 0,344 0.8237 -2.42

3500.0 2.289 0.3683 0,.8356 -3.77
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TABLE IX (CONTINUED)

Temperature: 460.0%F

Pressure Volume Z yA % Dev.
psia. cu.ft./mole exp. cal.
0.0 - 1.0000 1.0000 0.00
4006.0 23.965 - 0.9713 0.9680 -0.34
1000.0 9.218 0.9340 0.9260 -0,86
1250.0 7 .Egg 0.9210 0.9113 -1.05
2750.0 3.195 0.8903 0.8722 -2.03
3000.0 2.942 0.8943 - 0.8740 -2.27
3500.0 2,560 0,9099 0.8825 - =3.01

4000.0 2.303 0.9334 0 .8955 4,06
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TABLE X

SUMMARY OF CALCULATICHS FOR ETHANE
USING METHOD=B

Temperature: lOO.OOF

*%

Pressure Yolume z Z % Dev.
psia. cu.ft./mole CxP . cal. ’

0.0 - 1.0000 1.0000 0,00
400 .0 11.893 0.7921 0.3305 +1 85
800 .0 2.203 0.2935 0.2930 «0,17

Temperature: 160 .,0°F

0.0 - 1.0000 1.0000 0,00
200 .0 31.015 00,9328 0.9465 +1 47
400.,0 14,287 0.8594 0.,8846 +2.93
600 .0 8.627 0.7784 0.8097 +},02

1000,0 3.911 0.5881 0.5987 +1.,80
Temperature: 220.0°%F

0.0 1.0000 1.0659  0.00
200 .0 34,674 0.9508 0.9603 +1 .00
400.0 16.409 0.8999 0.9159 +1.89
600 .0 10 .304 0.8476 0.8685 = 42,43
800.0 7.238 0.7939 0.8145 +2.60

1000.0 5.393 0.7394 0.7546 +2,06

*  Method-B: Z,51, 18 obtained using the equation (8)
and also using established force constants.

**  Zgxp. Observed in reference (21), Reamer et al, Indus-

trial and Engineering Chemlstry, Vol. 36, 1944; p. 957-953.
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TABLE X (CONTINUED)

Temperature: 220.0°F (conttd)

Pressure Jolume Z Z % Dev.,
psia, cu.tt,./mole exp. cal. ’
1250.0 3.940 0.5753 0.5768 ) W22
1500.0 3.035 06242 0.5107 ~2,16
2{}00 'Q 2 ¢132 O .5 l‘ﬁ O .5&8@ “'6 .25
Temperature: 280,008
0 .O - 1 .GQOO 1 -GOOO O 000
200 ,0 38 .:agfa 0.9635 0.9699 +0 .66
QGO.Q 18,389 0.9267 0.9382 +1.24
£600.0 11,774 0.8900 0.9044 +1,62
800.0 3.&7& 0.6541 0.8685 +1 .69
1000.0 6504 0.3194 0.8307 +1 .38
1500.,0 3.937 O.T440 0.7303 | -1.03
2500 ,0 2.216 0.6979 0.5428 ~7 <90
Temperature: 340.0°F
0 .O - 1 .0000 l .0000 0 000
200.0 41,740 0.9 %8 0.9769 C 40,42
%OO.G 20.297 0.9461 0.9532 +0.,75
o600 .0 13.160 0.9201 0.9286 +3 .92
800 .0 9.501 0.8950 0.9033 +0 .93

1000.0 7 476 0.8712 0.8774 +0.71
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TABLE X (CONTIUED)

Temperature: 340.0°F (cont?td)

Pressure Jolume Z yA % Dev.
psia, cu,.ft,./mole exD. cal. "

1750,0 3.928 ~ 0.8010 0.78L6 -2,05
2000 cO 3 0380 O .787'7 O 07606 “‘3 Q‘a“'!f
2250 .0 2.978 ¢ .7807 0.T425 , *-l_} .30
2600.,0 2 .673 0 .7788 0.7299 -5 ,23
3000.0 2.2602 0.7903 0.7T173 ~3.29

Temperature: 400.0°F

O 00 - 1 ¢OOOO ] l ;GOOD O '00
200.,0 k5.195 0.9798 0.9822 +0 .25
400.0 22.145 0,9602 0.9641 +0 41
600.0 14,475 0.9414 0.9459 +0 U8
800.0 10.681 0.9236 0.9274 CH0LUL

1000.0 8.368 0.9071 0.9039 - +0,20
1250,0 6.557 0.8884 20,8859 «0,28
1500.0 5.364 - 0.8722 0.8637 -0..97
2250.0 3.460 0.8438 0.8095 -4 ,07
2500,0 3.107 0,3419 0.7979 ~5.23

350040 2.289 0.8683 0.7786 =11.52
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TABLE X (CONTINUED)

Temperature: 460.,0°F

Pressure Volume Z A % Dev.
psia. cu.ft./mole CxP. cal.

0.0 - 1.0000 1.0000 0.00
200.0 48 .621 0,9853 0.9862 +0,09
400 .0 23,965 0.9713 0.9724 +0 .11
600 .0 15.753 0 .9580 0.9537 +3 .07
300 .0 11.664 0.9455 09450 - =005

1000.,0 9.218 0.9340 0.9315 -0 .27
1250 .0 T.272 - 0,.9210 0.9149 -0 06
2000 .0 4,h10 0.893 0.8704 -2.61
2250 QO 3 1903 O ¢889 0 58587 "3 049
2750 .0 3,194 0.8903 0.8415 -5 48
3500,0 24550 0.9099 0,.8307 ~3.70

4000.0 2.303 0.9334 0.8304 -11.04
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TABLE XI

SUMMARY OF CALCULATIONS rOR ETHANE
USING METHOD=C '

Temperature: 100,008

k.

Pregsure Volume Z A % Dev,
psia. cu.ft./mole exP. cal. ’

0 .O - ) 1 00000 1 QOOOQ O OOO
400 .0 11.893 0.7921 G.T972 +0 .64
800 ‘0 2 0203 (} 02935 O 019148 "33 060

Temperature: 160.0°F

0.0 - 1.0000 1 .0000 0.00
200,0 31.015 0.9328 0.9341 +0 414
600,0 8.627 0.7734 0.7787 +0 ,04

1000 .0 3.911 0.5881 0.5699 ~3.09
1250,0 2.537 0.4769 0. 4256 -10.76
Temperature: 220.0°F

O .0 - 1 ‘GQOO 1 .OOOQ 0 QOO
200 .0 34 574 0.9508 0.9513 +0 .05
400.0 16 .409 0.8999 0.9000 +0,01
800.0 7.238 0.7939 0.7895 ~0 .55

1000.0 54393 0.7394 0.7307 -1.18

*  Method-C: Z,,y is obtalned using the equation (11)
and also using generalized form for the force constants.

zexp observed in reference (21), Reamer et al, Indus~-

trial and Engineering Chemistry, Vol. 36, 1944; p. 957-958,
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TABLE XI (CONTINUED)

Temperature: 220,0°% (cont'd)

Pressure Volume Z.. Z % Dev.,
psia. cu.ft,/mole eXp. cal,
' 1500 Ré) 3 A03§ 132 0 05935 "’& o92

2000.,0 2.132 0.58Q5 0.5205 -10.97

Temperature: 280.0°F

0.0 - 1.0000 1.0000 0.00
200.,0 38,239 0.9635 0,963k @ -0.,01
400.0 - 18.389 0.92067 0.9260 . ~0.08
800.,0 8474 0.8541 0.8500 -0 48

1000,0 6 .504 0.3194 o.8124 @ «0.88
1250.0 4,948 0.7792 0.76T3 . =~1.55
2000,0 2.782 0.7010 0 .66564 ~1; .50
2250 ,0 2.453 0.6954 0.6496 -5,59

2500 .0 2.216 0.6979 0.6400 -G.,63

Temperature: 340.,00F

O.Q - 1.0000 1.0000 , Q.00
500,00 13.160 0.9201 0.9159 ) ,35
800.0 9.501 o 89):} 0.8901 -0 .55




TABLE XI (CONTINUED)

Temperature: 340.0°%7 (cont'd)

Pressure volume Z Z ¢ Dev,
psia, cu.ft./mole exp. cal. '
1500 .0 4,691 0,.8200 0.8061 ~-1.70
2000.0 3.380 0.7877 0.7636 -3.06
2500 .0 2.573 0.778 0.7403 -4 .95
2750 .0 2,442 0.7827 0.7351 -6 .08
3000.0 2,262 0.7908 0.7333 ~7 .27
Temperature: 400,0%F
0.0 - 1.0000 1.0000 0,00
200 .0 45,194 0.9798 0.9787 0,11
400.0 22,145 0.9602 0.9578 -0 .25
£500 .0 14,478 0.9414 0.9375 -0 40
800.0 10.651 0.9238 0.9181 =0 .60
1000 .0 3.368 0.9071 0 .3997 -0 82
1500,0 5 304 00,8722 0.8593 -1.48
1750 .0 4,529 0.3591 0.8430 ~1.87
2250.0 3460 0.8438 0.,8196 ~2.37
2500,0 3.107 0.8419 0.8125 -3.49
2750 .0 2.532 0.8441 9 .3084 4,23
3000 .0 2.0612 0 ..849k4 0.8067 -5.03

3500.0 2.289 0.8683 0.8094 ~5.76
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TABLE XI (CONTINUED)

Temperature: 450 .00F

Pregsure Volume Z Z % Dev.
psia. cu.ft./mole exp. cal.

0.0 - 1.0000 1.0000 0.00
200 .,0 43,621 00,9853 0.9837 -0 .10
600.0 15.758 0.9580 0.9530 =~0,52
800.0 11.664 0.9455 0.9369 -0.70

1250.0 7.2%2 0.9210 0.9106 ~1.13
2000 .0 4,410 6.8937 0.8772 -1.85
2250.0 3.903 0.8398 0.8705 =2.17
2500.,0 3.508 0.8887 0.8659 = -2,57
2750 .0 3.195 0.8903 0.8634 -3.02
3000.0 2,943 0.8943 0.8627 ~3.53
h000.,0 2.303 0.9334 0.8744 ~5,32




g3

TABLE XII

SUMMARY OF CALCULATICHS FOR ETHANE
USING METHOD~DY

Temperature: 100,09

"2
Pregsure Jyolume < Dev,
psia. cu.ft./mole exp. cal. ’

0.0 - 1.0000 1.0000 0,00
200.,0 27.198 0.9057 0.9262 +2,26
400.,0 11.393 0.7921 0.8350 +5 42
600.0 6417 _ 0.06411 © 0,704y +39,59

Temperature: 160.09F

0.0 - 1.0000 1.0000 0.00
200 .0 31.015 - 0.9328 0 ..9467 +1 .49
400 &0 12‘; L 287 O -859}4‘ o n8867 '3"3 018
600.0 8.027 0.T784 0.8170 + ,96
300.,0 5.7T17 0.6858 0.7330 +6.57

1250 .0 2.537 Q..4759 0784 -0 .52
Tenperature: 220.0°F

0.0 - 1.0000 1.0000 0,00
200,0 34,678 0.9508 0.9604 +1.,01
400.0 15,409 0.8999 0.9180 = +2.01
00,0 10,304 0.8476 0.8722 +2.90
800 .0 7.238 0.7939 0.8228 +3 .54

1000.,0 5.393 0.7394 'O.7§95 +1 ,07

¥ Nethod-D: Z,,; 1s obtained using the equation (11)
and also using established force constants.

** Zexp. observed in reference (21), Reamer et al, Indus-
trial and Engineering Chemistry, Vol., 35, 1944; p. 957-958,




TABLE XII (CONTIN
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Temperature: 220.0°F
Pregsure Yolume Z Z % Dev.
psia. cu.ft./mole expP. cal. :
1250.,0 3.940 0,0753 0.6988 +3.43
1500.0 53.035 06242 0.6296 +0.,37
1750.0 2475 0.5939 0.5707 -3.91
Temperature: 220.,0°F
0.0 - 1.0000 1.0000 0.00
600 .0 11,774 0.8900 0.8064 +1 .04
300 .0 @.h?h 0.8541 0.8730 +2 .21
1500.0 3.937 0.7440 0.7534 +1 .26
1750.0 3,254 0.7T175 QT84 -0 U3
2000.0 2.782 0.7010 0.,0804 -Q.Qﬁ
2250 .0 2,453 0.0954 00,6528 -5,13
2500 .0 2.216 0.6979 0.6308 -9 .62
Temperature: 340,009
O .O - 1 ‘O{)OO 1 OGOOO O .OO
200.,0 41.740 0.9728 0.9770 +0 .43
400.0 20.297 0.95444 0.9535 +0, 78
600.,0 13.160 0.9208 0.9298 +1 .05
800.0 9,601 0.3950 0 .9060 +1.23
1000,0 7.476 0.8712 0,8821 +1.25
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TABLE XII (CONTINUED)

Temperature: 340,0°% (cont'd)

Preggpure Jolume 2 yA % Dev.
psia. cu.ft./mole expe. cal.

1250,0 5 T4 0.8440 0.8528 +1.04
1500 .0 4,691 0.8200 0.8245 +0.55
1750 .0 3.928 0.8010 00,7981 -0,36
2000,0 3,380 0.7877 0.7Th2 -1.71
2500,0 2,073 0.778 0.7358  ~ =5.51
3000 .0 2.269 0.7908 0.7093 ~10.23
Temperature: 400.,0°%

0.0 - 1.0000 1.0000 0.00
400.0 22,145 0.9602 0.9644 0 Jd
600.0 14,475 0.9414 0.9465 +3..55
300 .0 10,551 0.22306 0.9291 = +0.00

1000 ,0 8.363 0.9071 0.,9118 = +0.52
1250.0 6.557 0.5684 0.8910 +0,29
1750 .0 4,529 0.8591 0.8526 -0.76
2000,0 3.918 0.8494 0.8356 -1.62
2250.0 3.460 0.8438 0.8206 -2.75
2500 .0 3.107 0.8419 0.8075 ~4,08
2750.,0 2.832 0.8441 047965 -5 .05
3000.0 2.832 0.8494 0.7872 -7.32
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TABLE XII (CONTINUED)

Temperature: 460,000

Pressure Volume Z: e s Z % Dev,
paia. cu,.ft./mole exp- cal.

0.0 - 1.0000 1 .0000 0 .00
200 .0 L3 ,4521 0.9853 0.9862 +0 .09
400.0 23,965 0.9713 0,9725 +0,12
500.,0 15,758 0.9580 0.9591 +0 .11
300.0 11.664 0.9455 0.9451 +0 .06

1000.0 9,218 0.9340 0.9334 -0 05
1250.0 7.272 0.9210 0.91382 ~0.30
1500.,0 5.9057 0.9100 0.9039 -0 .67
2250 ,0 3.903 0,38983 0.8675 ~2.,50
2500 .0 3.508 0.8887 0.8531 ~3,.44
2750 ,0 3.195 0.8903 0 .8500 4,53
3000 .0 2.942 0.8943 0.8431 ~5.73
000 .0 2,303 0.,9334 0.826% ~11.45
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TALLE XIII

SUMHMARY OF CALCULATIONS ¥0X PROPAIE
USING METHOD-A™

Temperature: 100,09

2.4

Pregsure Jolume Z Zrns < Dev.,
paia. cu.ft./mole SXD cal. ‘

2,0 - 1.0000 1.0000 0.00
14,7 403,20 0,9865 0.9875 +0.09
20,0 294 ,30 00,9810 00,9829 +0.13
30.0 194,50 0.9720 0.9741 +0 .22
49,0 144 .50 0.,9622 0.9652 +0,.31
50 .0 11440 0.9521 2.9561 +0 .42
50,0 94,30 09417 0.9468 +0 .54
80.0 59.10 00,9200 0.9276 +0.33

100,0 53.90 0.8966 0.9074 +1 .21
125.0 41,50 0.35645 0.5805 +1.,85
150.,0 33.20 0.8321 0.8509 +2,26
Temperature: 130.09%
4.7 L4o5 .70 0.9885 0.,9392 +0.,07
20,0 311.40 0.9842 0.9852 +0,10
40,0 153,10 0.9073 00,9701 +0 .24
50 40 121.40 0.9594 9.9623 +0,30
50.0 100.30 0.9508 0.9544 +0.38
150.0 36,40 0.5637 0.8762 +1 .45
200.0 25,47 0.8053 0.3247 +2.41

*  lMethod-A: Z,,9, 1s obtalned using the equation (8)
and generalized form for the force constants.

**  Zoxp. Observed in reference (22), Reamer et al, Indus-

——————c———

trial and Engineering Chemistry, Vol. 41, 1949; p, 483,




TASLE XIII (CONTINUED)
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Temperature: 160,090
Pressure volume yA Z o Dev,
psia. cu.ft./mole €XP. cal,

O .O - 1 OOOOO 1 00000 O .OO
4.7 LE43 .00 0.9900 0.9906 +0.,06
20,0 328,00 0.9863 0.9872 +0 .09
30,0 217 .10 0.9793 00,9807 +0,14
40 .0 161.70 0.9722 0.9741 +0 20
50 40 128 .40 0.9651 0.,9574 +0 .24
50,0 106,20 C.9577 059697 +0 .31
80.0 78 .40 09428 0.9453 +0 (44

100.0 51.70 0.9274 0.93238 +0 .53
125.0 58,30 09073 0.9144 +0 .78
150.,0 39430 0.8863 0.8952 +1 .00
200.0 23,00 0.8412 08543 +1 456
300 .0 15.25 0.T330 07549 +2.98
Temperature: 190.0°F

0.0 1.0000 1.0000 0.00
14,7 470,30 0.9913 0.9918 +0 .05
20.0 344,50 00,9881 0.9888 H) 0T
30.0 228,20 o;9821 0.9832 +0 .11
40.0 170.10 0.9759 0.9775 +0.16
50.0 135.20 0.9693 0.9717 +0 .20
60.0 112.00 0.983 0.9659 +0 .25
80.0 82,90 0.850 0.,9540 +0 34

100.0 55 .40 0.9379 0.9419 +0 43
125 .0 51 .40 0.,9211 0.,9264 +0 .58
200.0 30,20 0.8673 0.8763 +1.04
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TABLE XIII (CONTINUED)

Temperature: 190°F {econt'd)

Pressure Volume Z yA ¢ Dev.,
psia. cu.ft./mole €XD cal,
400.0 11.94 » O.e830 0.7031 +2,.64
500 O 7 '59 .;402 0 §5598 +2 .249
Temperature: 220.0°F
0.0 - 1.0000 1.0000 0 .00
1h.7 AQQ.SO 0.,9923 0.9928 +0 .05
20.0 360.90 0.9896 0.9902 . 40.06
80.0 87 .30 0.9572 0.9599 +0 .20
125.0 54 40 0.9320 00,9361 +0 44
150.0 44,50 0.9175 0.9224 +0 .53
200.0 32.40 0.3873 0.8941 +0..77
300.0 19.99 0.3221 0.5318 o 41,18
400 .0 13,05 O‘TQST 0.7599 +1.50
500 QG 9 00’-.) 0 05621 0 ¢0731 ”i“l EJ'.)
00,0 0.68 0.5496 05566 +1.27
Temperature: 280.0%
(} .0 - 1 46000 1 .OOOO O .OO
4.7 537 .00 0.9941 0.994& +0,03
20.0 393,70 0.9919 0.9524 +0 .05

30.0 251,40 0.9879 0.9386 +0.,07




TABLE XIII (CONTINUED)
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Temperature: 250.0°F (cont'd)
Pressure vVolume Z A % Dev.
psia. cu.ft./mole 8XD. cal, ’
40,0 195.20 0.9838 O.QS&g +0 .09
50.0 129,10 0.9756 0.9769 +0 .13
80 .0 96,00 0.9673 00,9691 +0 .19
100 QO 76 ‘10 O 19 91 o 09611 '*‘0 &21
125.0 G0 .20 0.9485 0.89510 +0 .20
150.0 kg 60 0.9380 0.9408 +0 .30
2000 36,40 0.9164 0,.,9199 +0 .38
30040 23.07 0.,8720 0.8750 +0 A45
400 .,0 15,38 0.8254 0.8290 +0 44
500 .0 12.32 0775 0.7784 +0 .35
6OQ .O 8:5‘3 00722 0069‘;’)5 "3 061-‘
800 QO 5 '98 O 16023 0 » 990 “‘O 055
1000.0 279 0.4773 0.4760 -0 .27
Temperature: 340.0°F
0.0 - 1.0000 1,0000 0.00
1,7 581,30 0.9954 0.9955 +0.02
20.0 Lps 40 0.9937 0 .9940 +0.03
30.0 283 .40 09900 0.9910 +0 04
40.0 211.90 0.9874 0.9860 +0,06
50.0 168.90 0.9842 0.9849 +0.07
60.0 140.30 0.9811 0.9819 +0 .08
80.0 104 .50 0.9T4T 10,9758 +0,11
100.0 83.10 0.9684 0.9696 +0.12
125.0 55.90 0.9604 0.9618 +0 .15
150.0 54.50 0.9524 0.9540 +0.17
200 .0 40,20 0.9362 0.9382 +0.21




TABLE XIII (COHTINUED)
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Temperature: 340.0° (cont'd)
Pressure Volume A Z % Dev,
psia, cu.ft./mole CXD. cal, ’
300.0 25 .85 0.9037 0,9055 +0 20
400.,0 18.68 0,.8707 0.8717 +0.11
600.0 11.43 0.8029 0.3008 -0 .26
1250.0 4,05 0.589 0.53.5 -1.39
1500,0 3.16 0.8523 05479 -0 .80
Temperature: 400.,0°F
0.0 - 1.0000 1.0000 0,00
14,7 625 .50 0.9964 0.9965 +0,01
20.0 459,00 00,9951 0.9952 +0.01
300 305,30 0.,9920 0.99208 +0 .02
40,0 228,40 0.9%902 0.9905 40,03
50.0 182.20 0.9377 0 .9880 +0.03
60 .0 151.50 0.9852 0.9856 +0 .04
80.0 113,10 0.9803 0.9308 +0 ,05
125.0 71.50 0.9692 0.9699 +0.07
150 .0 59 .20 0,95632 0.9638 +0 ,06
200 .0 43.90 0.9509 0.9515 +0 .06
00.0 20 .80 0.9017 0.9012 -0.,06
500.0 16.19 0.8772 0.8757 ~-0.17
600.0 13.12 0.8534 0.8499 ~0 A1
800 .0 9 u29 O 08058 O ’7987 "‘O '88
1000 50 7 901 0 MTSOO O .7)'{'96 "'l 037




TABLE XIII {CONTINUED)
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Temperature: 400,0°% (cont'd)
Pressure Volume Z Z v Dev,
psia, cu.it./mole exXp. cal.
1250.0 ol 0.7098 0.6965 -1.37
1500.0 4.15 0 O6THO 0.6596 ~2.14
1750.0 3,45 0,6554 O OH08 -2.23
2000.0 3.01 0.6530 0.6380 -2430
Temperature: 460,09
0.0 - 1.0000 1.0000 000
4.7 669.70 0.9972 0.9972 0.00
20.0 491.50 0.9962 0.9962 0.00
30.0 327 .10 0.9942 0.9943 +0.01
40 .0 244 .90 0.9923 0.9924 +0.01
50 .0 195 .50 0.9904 0.9204 Q.00
60 .0 162.60 0.9385 0.9885 J.00
80 .0 121 .50 0.9847 00,9347 0.00
120.0 96 .80 0.9509 0.9808 -3.01
125.0 77 .10 0.9761 0.9760 ~-0,01
200.0 47 .50 0.9621 0.9016 -0 405
400 ,0 22 .32 0.9250 0.,9228 L
500.0 17.90 0.,9068 0.9035 -0 .36
£00,0 14,63 0.3892 0.8843 -0.55
1250.0 5.21 0.7870 0.7725 -1,84
1500 .0 4,92 0.THTL 0.7THOL -0 .90
2250 .0 3.23 0.7376 0.7118 -3.50
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TABLE XIV

SUMMARY OF CALCULATIONS vOR PROPANE

USIHG METHOD=B

Temperature: lOO.OOF

* %
Pressure volume Z Zie % Dev.,
psia. cu,:t./mole GxD Qal' '

O .O - l 00060 1 Q,DOOO O .OO
20.0 294,80 0.9816 0.9802 -0 .14
30.0 194 .60 0.9720 0.9700 -0.21
40,0 184,50 0.,9522 0.9598 -0,25
60,0 94,30 0.9417 00,9386 ~0,.33
80.0 59.10 0.9200 0.9167 ~0.36

125 .0 41,60 0 .8645 0 .8634 ~0.13
Temperature: 130.009

0.0 - .1.0000 1.0000 2.00
4.7 hos5.70 0.9885 0.9876 ~0 .09
20 .Q 311 .1"“:) G '982{'2 0.9830 "‘O .12
30.0 205,90 0.97561 0.9744 -J..17
50,0 121,40 0.9594 0.9567 -0 .28
60 .0 100.30 0,9508 09478 -0 .32
30.0 73.80 0.9330 0.9294 -0.39

125.0 45,10 0.8900 0 .8859 -0 46
150.0 36 .40 0.8037 0.3597 -0 .46
200 .0 2547 0.8083 0.3029 ~0,30

*  Method-B: 2,457, 18 obtalned using equation (8) and
also using established {orce constants.

**  Zexp. Observed in the reierence (22), Reamer et al,
Industrial and Engineering Chemistry, vol. 41, 1949; p. 483,
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TARLE XIV (CONTINUED)

Temperature: 160.09%F

Pressure Yolume Z Z 9, Dev.
psia, cu,i't./mole exp. eal,

2.0 - 1.0000 1.0000 0.00
20,0 328,00 0.9863 0.9853 ~-0.10
20.0 217 .10 0.9793 0.9779 -0 .14
60.0 106.20 0.957 0.9552 -0 ,26
80 ’D 78 014'0 Qa9 *2 ‘3 ¢9396 ) "{) 031'}

100.0 D1.70 0.9274 0.,9236 - -0.41

125.0 ue .30 0.9073 0.9031 ~0,.45

150.0 35.30 0.8863 0.88;8 -0,51

300.0 15.25 0.7330 0.7300 -0L,41
Temperature: 190.0°F

0,0 - 1.0000 1.0000 0.00
4.7 470.30 0.9913 0.9907 -0 .05
20.0 344 .50 0,9881 0.9873 -0.08
30,0 228 .20 00,9821 20,9809 -0,12
40.0 170,10 0.9759 0,974k -0,15
50 .0 135.20 0.9698 0.9679 - -0.20
80.0 22.99 0.9508 09480 o =0,29

100.0 55 40 0.9379 0.9344 ~0 .37
125.0 51,40 0.9211 0.9171 -3 ,.43
150.0 42,00 0.9027 0.8993 -3 49

200.0 30.20 C.38673 0.8621 ~0.00




TABLE XIV (COHTINUED)
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30.0

Temperature: 190.0°F (cont'd)
Pressure Volume Z yA & Dev,
peia. cu.ft./mole exp. cal. ‘
300,0 18,26 0.7855 0.,7502 -0 .57
490.0 11.94 0.0850 0.6303 =0 .09
500 .0 7 .59 05462 0 .5364 ~1.43
Temperature: 220.0°F
0.0 - 1.0000 1.0000 0.00
14,7 kg2 50 0.9923 0.9919 -0, 04
20.0 360,90 90,9396 0.93889 -0.07
30.0 239.30 0.9845 0,9834 -0.12
45,0 173.50 0.9790 0.9777 -0.13
50. 142,00 0.9736 0.9721 -0.15
100.0 59,00 0.9462 0.9433 -0 W31
200,0 32.40 0.8873 0.8827 -0 .52
300.0 19.99 0.8221 0.8163 -0.71
400,0 13.65 0,7487 0.7423 -0 .86
500.0 9.66 0.6521 0.5562 -0 .89
- 600.0 5.68 05496 0.5461 -0 64
Temperature: 230.0°9F
4.7 537 .00 00,9941 0.25933 ~0.03
20 .O 39’3 QTD O 09919 O '9 15 "‘0 .ol‘i’
261.40 0.9879 0.9873 -0 .00
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TABLE XIV (CONTINUED)

Temperature: 280.0°F (cont'd)

Pressure volune Z Z ¢ Dev.
psia, cu.ft,/mole SxD cal.
4o .0 - 195.20 0.,93838 0.9830 -0.08
50,0 155,50 0.9797 09737 - =0,10
80,0 96,00 0.9673 0.9658 ~0.15
125.0 60 .20 0..9485 0.,9461 -0 .25
150.0 49,60 0.9380 0.9350 -~ .32
200.0 35 40 0.9164 0.9128 =0 .39
300.0 23,0 0.8720 0.3668 = 0,60
400.0 16.3 08254 0.8192 ~0.75
800,0 5.98 0.5023 0,56116 +1 .54
1000.0 3.79 O0.4773 0.5253 +10 .05
Temperature: 340.0°F
O cO - l 90000 3. .QOOO 0 .OO
50 .0 140,30 0,.,9811 0.9803 -0 .08
100 .0 83.10 0.968& O.Qﬁgl ~0,13
150.0 54,50 0.9524 0.9505 =) 20

200.0 4o .20 0.9362 0.9339 ~0.25




TABLE XIV (CONTINUED)
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Temperature: 340.,0°F (cont'd)
Pregsgure Volume A Z g Dev.
psia, cu.ft,./mole exp. cal, ’
300.0 25,85 0.9037 0 .9004 -0 .37
800 .0 18.68 0.8707 0.8670 -0 43
500.0 14,37 0.8371 048337 -0 41
500.,0 11,48 0.2029 0.8008 -0 .26
300,0 7 .85 0.7320 0.7383 +0 .86
1000.,0 5..69 00,6627 0 o864 +3 .58
1250,0 4,05 0.5898 0.@523 +12 .29
1500,0 3.16 20,5523 0,6617 +19.81
Temperature: 400.,09F
0 QO - 1 QGOOO 1 ‘{)OQO O .OO
14,7 £25 .50 0.9964 00,9953 -0 ,01
20.0 459,00 09951 0.9949 ~0 .02
30,0 305.30 0.9925 0.9924 -0 02
40 .0 228 .40 0.9902 6.9398 ~0 ,04
00 .0 151 .50 0.9852 0.9847 -0 .05
80,0 113,10 0.9803 0.9797 -0 06
100.,0 90,00 0.9754 0.97h6 -0 .03
125 .0 71 05{} ¥] 09692 0O 09682 () 01{}
150.0 530 .20 0.9632 0.9619 () 413
400 .0 20,80 0.9017 0.9002 -0.17
500 .0 16.19 - 0.L.8772 0.3766 -0 07
500 .0 13.12 0.8534 0.8539 -+ .06
800.0 9 .29 0.8058 0.8124 +0.82
1000 .0 T.0L 0.7600 0.7787 +2 46




TABLE XIV (CONTIJUED)
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Temperature: 400.0°F (eont'd)
Pressure volume Z Z % Deva
psia. cu.ft./mole €XPs cal, f
1250,0 5,24 00,7098 0,7528 = +5,06
Temperature: 460.,0
0.0 - 1.0000 1.0000 0.00
20 .0 491 .50 0,9962 0 .9960 -0 2
30.0 327 .10 0.9942 0.9940 -0.02
50.0 195,50 0.9904 0.9901 = 403
50.0 162,60 0.988% 0 .9u81 -0 Ok
100.0 96.80 0.9809 0.9803 ~0,06
125.0 17,10 0.9761 0.9754 «0 07
150.0 £3.90 0.9715 0.9706 -0 09
koo .0 22.82 0.,9250 09244 «0,06
500 0 17.90 0.9068 0.9073 +0 06
800 .0 14.63 0.3892 0.8912 +0 .23
800.0 10.55 0.8548 0.86206 +0 .91
1000.0 .12 0.8227 0.8400 +2.10
1250.0 56,21 0.7370 0 .8225 +4 52
1500.,0 4,92 Q.THT1 0.3196 +3.71
2000 .0 3.63 00,7355 0.8525 +15 .91
2250.0 3.23 - 0.7376 0.8836  +19.79
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TABLE XV

SUMMARY CF CALCULATIONS FOR PROPANE
USING METHOD-C”

Temperature: 100.0%F

* %

Pressure Volume Z Z % Dev.
psia. cu,ft,/mole exp. cal. !

0.0 - 1.0000 1.0000 0.00
4.7 403.20 0.9866 0.9875 +0,09
20.0 294,80 _0.9816 0.9829 +0 .13
30.0 194,60 - 0.9720 0.9741 +0 .22
40.0 144 50 0.,9622 0.9552 +0,31
50 .0 114,40 0.9521 09551 +0 2
80.0 59,10 0.9200 0.9275 w 32

100 .0 53,90 0.8966 0.9074 o +le21
125.0 41,60 08645 0 .8804 +1 .84
150.0 33.20 0.8321 0.8507 +2 423

Temperature: 130.0°F

14,7 425,70 0.9885 0,9892 - 0,07
20,0 311.40 00,9842 0,9853 +0,.11
3040 205,90 0.9761 09777 +0 .16
40,0 153,10 0.9678 0.9701 +0 .24
50,0 121.40 0.9594 0.9523 +0 430
60.0 100.30 0.9508 0.9544 +0,38
80 .O 73 080 093‘%0 4] .9382 “i‘O .56
100.0 57 .90 0.9144 0.9215 +H0,78
125.0 45,10 0 .8900 0.8996 +1,08
150 .,0 36,40 0.8637 0.8761 +1 .44
200.0 25 4T 0.8053 0.8245 +2.38

*  Method-C: Z,,7, is obtained using equation (11) and
also using generalized form for the force constants.

Zexp observed in reference (22), Reamer et al, Indus-

trial and Engineering Chemlstry, Vol. 41, 1949; p. 483.
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Temperature: 160.0%
Preséure volumne A Z i ﬁev.
psia. cu.ft./mole exp. cal.

0.0 1.0000 1.0000 0.00
4.7 448,00 0.9900 0.9906 +0 .05
20,0 328,00 0.9863 0.9872 +0 .09
30.0 217 .10 0.9793 0.9807 +0 .14
40,0 161.70 0,9722 0.97481 +0 .20
50.0 128,40 0.9651 0.9674 +0 24
80.0 78 .40 0.9428 0.9469 +0 44

100.0 51.70 0.9274 0.9327 +0.57
125.0 18,30 0.9073 0.9144 +0.78
150.,0 39.30 0.3863 0.8952 +1.,00
300.0 16.25% 0.7330 0.7541 +2.88
Temperature: 190.0°#
0.0 - 1.0000 1.0000 0.00
. 20,0 344,50 0.9881 0.9888 +0 .07
30,0 228,20 0.9821 0.9832 +0.,11
40.0 170.10 0.9759 0.9775 +0.15
50,0 135.20 0.9693 0.9717 +0,20
60 .0 112.00 0.963 0.9659 +0,25
80.0 82.90 0.950 0.9540 +0 .34
100 ,0 65 .40 0.9379 0.9419 +0.43
125,0 51.40 0.9211 0.9263 +0 .55
150,0 42,00 0.9037 0.9102 +0,72
200,0 30.20 +1.02

0.8673

0.,8762




TABLE XV (CO4TINUED)

Temperature: 190.0°F (cont'd)

Pressure volume Z Z 7 Dev,
psia. cu.ft./mole OxD cal. '

Loo .0 11.94 0 ,6850 00,7011 +2 .35
500.0 T .59 0,546 0.5512 + .92

Temperature: 220,09%

0.0 - 1,0000 1..0000 0.00
14.7 4o2 50 0.9923 0.9928 +0,06
20 .0 3650 .90 0.9896 0.9902 +0 .06
45,0 178 .50 049790 0.9803 +0.13
60 CQ 117 070 O 39682 {.} n9702 *5“0 521
80.0 87 .30 0.9572 0.9599 +0 .28

100.0 £9.00 0 Q462 0.9495 +) o35
125 .0 54 40 0.9320 0.9361 +0 A4
150.0 ﬁh.éﬂ 0.9175 0.9224 +0.53
200,0 32.40 0.8873 0,.8940 +0,76
400,0 13.65 0.T48T 0.7588 +1.35
Temperature: 280,09

0.0 - 1.0000 1.0000 0 .00
14,7 537 Q0 0.9941 0.9944 40 .03

30,0 261,40 0.9879 00,9885 +0,07
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TABLE XV (CONTINUED)

Temperature: 280.003 (conttd)

Pressure Jolume Za Z o Dev.
psia. cu.ft,/mole eXD. cal. ’
1-10 iD 195 020 O ’9838 O 098&'7 +0 .39
50 .0 155 .50 0.9797 0.,9808 +0.11
60.0 129,10 0.9756 00,9759 +0,13
80.0 95,00 0.9673 0.9591 +0,19
100.0 76,10 0.9591 0.9611 +0 .21
125.0 50.20 0.92485 0.9510 +0 .26
150,0 49,60 0.9380 0.9408 +0 .30
200 .0 36 .40 0.9164 0.9199 +3433
300.0 23.07 0.8720 0.8758  +0.4k4
500,92 15.38 0.3254 0.8235 10 .38
500 .0 12.32 0.7757 0.7772 +0.19
500.,0 .56 0.7223 0.5925 ~4,19
300.0 5,98 0.5023 0.,5865 -251
1000 0 3 0.3285 -10,22

19 04773

Temperature: 340,00F

1.0000 1.0000 0.00

OQO -

4,7 581.30 0.9954 0.9955 +0.02
20.0 426,40 0.9937 0.9940 +0,03
30.0 283,40 0.9906 0.,9910 +0 04
4o .0 211.90 0.9874 0.9880 +0 .06
50 .0 163,90 0.9842 0.9849 +0 .07
60 .0 140.30 0.,9811 0.93819 40 .08
80.0 104,60 0.9747 0.9758 +0 .11
100.0 83.10 0.9684 03696 +0.12
125,0 55420 0 .9604 0,5618 0415
150.0 54,50 09524 049540 +G .17

200 .0 40,20 0,9362 0,9381 +0 .20
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TABLE XV {CONTINUED)

Temperature: 340.0°F (conttd)

Pressure Volume Z Z % Dev.
psia. cu.ft./mole exp. cal.

500.0 14.37 0.8371 0.8363 -0 .10
1500.0 3.16 0.5523 0.4394 -11.38

Temperature: 400.0°F

0.0 - 1.0000 1.0000 0.00
.7 625 .50 0.9964 0.9965 +H.01
20,0 459,00 9.9951 0.9952 +0,01
30.0 305.30 0.9920 0.,9928 +0 .02
40,0 228 4o 0.9902 0.9905% +0.03
50.0 151.50 0.9952 0.9856 +0,04
80 .0 113.10 0.9803 0.9808 +0 .05

100.0 90,00 0.9754 9.9750 40,06
150.0 59.20 0.9632 0.9638 +0 .06
300.0 28.48 0.9202 0.92065 .03
500 .0 16.19 0.8772 0.8755 -0.19
600.,0 13.12 0.8534 0.8493 -0 .48
800.0 9.29 0.8058 0.79568 -1.12

1000 ,0 7 .01 07600 0. TLu48 -2 ,00




TABLE XV (COHTINUED)
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Temperature: 400.0° (cont'd)
Pressure Volume Z Z o Dev,
psia. cu.ft./mole exP . cal.
2000 .0 3.01 0.6530 0.5840 ~10 56
Temperature: 460,0°F
0.0 - 1.0000 1.0000 0.00
.7 569,70 0.9972 0.9972 0.00
20.0 491.60 0.9962 0.9962 0.00
30.0 327 .10 0.9942 0.9943 +0,01
40.0 oLy .90 0.9923 0 .,9924 +0 .01
50,0 195,50 0.,9904 Q.9904 0,00
0.0 162.50 0.9885 0.,9335 0 .00
30.0 121.50 0.9847 0.9847 Q.00
100.0 - 96,80 0.9809 0.93808 -0 .01
150.0 63.90 00,9715 0.9712 -0 .03
200.0 47,50 0.8621 0.9516 -0 05
300.0 31.00 0.9434 0.9421 -0 14
400.0 22,32 0.9250 0.9228 -0 24
500.0 17.90 0.9063 0.9033 ~0+39
600.,0 14,63 0.8892 0 .8339 -0 00
1250.0 6,21 0.787C 0.7607 -2
1500.,0 4,92 0.7T4TL 0.7286 -2 438
1750.0 &,;6 0.7T373 0,7030 =4 55
2250.0 3.23 0.7370 0.5751 ~3.483
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TABLE XVI

SUMMARY OF CALCULATIONS FOR PROPANE
USING AETHOD-DY

Temperature: IOO.GOF

* %

Pressure Yolume /. Ze % Dev.,
psia, cu.ft./mole exPp. cal. ’

0.0 - 1.0000 1.0000 Q.00
4.7 403.20 0.9866 0,9855 ~0.11
4o ,0 144,50 0.9622 0.95398 -0 ,25
53.0 114,40 0.9521 0.9493 «) .29
80,0 59.10 0.9200 0.9167 ~0 .36

100.0 53.90 0.89066 0.8938 -3 .31
125 .0 41.60 0.8645 0.83634 -0.13
150.0 33.20 0.8321 0.8303 -0,11
Temperaturve: 130.0°F

00 1.0000 1 .0000 0,00
14,7 425 70 0.9385 0 .9876 -0 409
20.0 311.40 0.9842 0.9830 -0.l2
40.0 153.10 0.9678 0.3656 - 23
50 0 121 .40 0.9594 0.955 ~0,28
80,0 73.80 0.9330 0 .9294 -0 .39

125 .0 45,10 0,38900 0.3859 =0 U5
150.0 36 .40 0.8637 0 .8598 -0 45
200.0 25 JMT 0.8053 0.8031 -0 .27

*  Method~D: Z,57, 1s obtained using equation (11} and
also usling establlished force constants.

** Zoxp. Observed in the reference {22) Reamer et al,
Indugtrial and Engineering Chemistry, Vo. 41, 1949; p. 483,




TABLE XVI (CONTINUED)
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Temperature: 160.0%F
Pressure Volume Z Z % Dev.
psia, cu.ft./mole exP. cal. !

0.0 - 1.0000 1.0000 0.00
14,7 448,00 0.9900 0.9892 -0 .08
20.0 328,00 0.9863 0.9853 -0.10
50,0 128.40 0.5651 0.9628 -0 .24
60 .0 106.20 0.957 0.9552 -0 .20
80.0 78.40 0.942 0.9396 -0,34

125,0 438,30 00,9073 0.9031 -0 45
200,0 28,00 0.8412 0.8369 -0 51
300.,0 16.25 0.7330 0.,7306 =~ «33
Temperature: 190.0°F

0.0 - 11,0000 1.0000 2.00
4.7 470 .30 0.9913 0.9907 ~0.06
20.0 344 .50 0.9831 0.9873 -0 .08
30.0 228 .20 0.9821 0.9809 «0.12
50.0 135.20 0.9698 0.9579 -0 .20
80.0 82.90 0.9508 0.9480 =0 ,29

100.0 65 40 0.9379 0.9344 -0.37
125.0 1.40 0.9211 00,9171 -0,43
150.0 2.00 0.9037 0.8993 -0 49
200.0 30.20 0.8673 0.8622 -0 .59




TABLE XVI {CONTINUED)
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Temperature: 190.0°F (contt'd)
Presgure volume Z Zs ¢ Dev.
psia. cu.ft./mole exD. cal. ‘
300.0 18.26 0.7855 0.7806 -0.02
}-FOO .0 11 09}“’ O 0685‘0 O ‘5818 "'0 -‘{‘1'7
500.0 T 59 0.5452 05446 -0 .29
Temperature: 220.09%F
O .Q - 1 nQOOO 1 00000 O .O’)
14,7 492,50 0.9923 0.9919 -0 0l
20.0 360.90 0.9895 0.9889 -0 .07
30,0 239.30 0.9845 0.9834 -0.12
40,0 178.50 .9790 Q9777 -0,.13
100.0 09,00 00,9462 0.9433 »0.31
150.0 by 60 0.9175 G.9135 w0, MM
00.0 19.99 0.8221 0.8165 ~0 07
00.0 13. 35 0.7487 .?qg “0.75
500.,0 0.68 054956 O 5543 +0 .35
Temperature: 280.3°F
O .0 ot 1 00600 1 00000 O 000




TALLE XUI (COUTINUED)
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Temperature: 280.0°F (cont'd)
Pressure volume Z Z ¢ Dev.
psia. cu.ft./mole exp. cal.
40.0 195 .20 0.9838 0.93830 -0.08
50,0 155,50 0.9797 0.9737 ~0.10
80,0 96 .00 0.95673 0.9658 ~0.15
100.0 76.10 0.9591 0.9571 -0 .21
125.0 50,20 0.9485 0.9461 -0.25
150.0 49,60 0.9380 0.9351 ~0,31
300.0 23.07 0.8720 0.8669 -0 .53
400 .0 10,38 0.8254 0.3195 -0 .71
800.0 5.9 0.6023 0.6208 +3.07
1000.,0 3.79 04773 0 .5669 +13.75
Temperature: 340,095
O .O - 1 5{}000 1 OOOOO {) .OO
30.0 28340 0499006 0.9902 0,04
4o 0 211.90 0.9874 0.9869 -0.05
50.0 158.90 0.9842 0.9836 -0 .00
00 .0 140,30 0.9311 0.9803 -0 ,08
30.0 104,50 0.9747 0.9737 ~0,10
100.,0 83.10 0 L.9684 0.9671 -0 ,13
200.0 40,20 0.9362 0.9339 -0 .25




TABLE XVI (COUTINUED)
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Temperature: 340.0°F {cont'd)

Pregsure volume Z A Dev.,
psia, cu.ft./mole exp. cal, ’
300.0 25.85 0.9037 0.9005 -0.35
400,0 18.68 0.3707 0,3672 -0 40
800.0 7 .85 0.,7320 0,7TH13 +1.22
1250.0 4,05 0 .5898 0.6785 +15 .06

1500.0 3.16 0.5523 0.7224 +30,80
Temperature: 400.0°%%

0 00 . - 1 Q(}QOO 1 0{3000 O QOO
20.0 459,00 0.9951 0.9949 -0 02
60.0 151.50 0.9852 0.9847 -0 .05

100.0 90 .00 0.9754 0.9T46 -0 .08
125 .O 71 453 0 39692 009682 “'0010
300 .0 28 .48 0.9262 0.9245 -0.,18
500 .0 15.19 0.8772 0.8763 +0 .05
600.0 13.12 0.8534 0 3543 +0.11
800.0 §.29 0.80538 0.3138 +0 .99
1000.0 T .01 0.7600 0.7821 +2.91




TABLE XVI (CONTINUED)
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Temperature: 400.0° (eont'd)

Pressure Volunme Z y ¢, Dev,
psia. cu.ft,/mole SXD cal. ’
1250.0 5 .24 0.7098 0.7617 +T .32
1500.0 L,15 0 HOTU0 0.,7690 +14,10
1750.0 3.k5 0.5554 0.5041 +22,70
Temperature: U450.0%

0.0 - 1.0000 1.0000 0.00
20.0 491,60 0.9962 0.9960 =0 02
30.0 327.10 0.9942 0.9940 -0.02
60 '0 162 360 0 49885 O 09881 ""O 0014
80.0 121.50 0.9847 0.9842 -0 .05

100.0 96,80 0,.,9609 0.9803 ~0,06
125.0 77 .10 0.9761 0.9754 -0.07
300.0 31.00 09434 0.9424 =0 .10
400.0 22 .82 30,9250 0 .9245 =0 05
500.0 17 .90 0.9068 0.9075 +3.03
600 .0 14 .63 0 .,8892 0,.8915 +0 .26
800.0 10.55 . 00,3548 0.,8633 +0 .89
1000 .0 8.12 0.8227 0.,3417 +2 431
1250.0 0.21 0.7870 0.8267 +3.77
1500 .0 4,92 0.T4T1 0.8286 +11.91
1750.0 4,16 C.T373 0.8465 +14 .81
2250 .0 3.23 0.7376 0.9206 +24 .83




TABLE XVII

SUMMARY OF CALCULATIONS FOR n-BUTANE

USIHG METHOD=-A™

Temperature: 100,09
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* %
Pressure Volume Z Z % Dev.,
atm. cu.ft./1b, exp. cal ’
0.0 - 1.0000 1.0000 0.00
1.0 6,302 0.967h 0.9790 +1.20
Temperature: 150,0%
0.0 - 1.0000 1.0000 0 .00
1.0 7 .024 0.9793 0.9843 +0 .51
2.0 3.733 0.9590 0.9680 +0 .94
L,0 1.787 0.9132 0.9335 +1.67
8.0 0.813 0.8354 0.8552 +2.37
Temperature: 220.0°F
O 00 - l QG{)OO 1 .OOOO 0 .OO
1.0 8.412 0.8851 0.9880 +0 .29
2.0 4,143 0.9704 0.9756 +0 54
4.0 2,009 0.9411 00,9499 +0 .94
6¢G 1.298 0.9121 0 .9228 "%"1 .17
8.0 0.940 0.38807 0.8940 +1.51
15,0 0.431 0.7571 0.77T41 +2 .22

*  Method=A: Zg51, 18 obtained using equation (8) and
also usling force constants from eritical constants.

*® 7

exp.

Chem. Eng, Progr., Vol. 44, 1947; p. B63-868.

observed in reference (23), Williaam et al,
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Teaperature: 230,0°F
Pressure Jolume Zan Z @ Dev.
atm. eu.ft./1b. exp. cal.
O oo - 1 QO{DOQ 1 00600 J Q{}O
1.0 3,189 0,98388 0.99006 +0,18
2,0 a 5&1 0.9773 0.9809 +0.37
4,0 221 0,950 0.9012 +0 .54
.0 1,44 0.9343 0.,9408 +2 .70
8 .0 1 005 O 09108 O 19194 *%{) 095
10.0 0.825 0.8878 0.8972 +1.06
15,0 0.510 0.8232 0.8363 +1 .61
20.0 0.348 0.7490 0. 7649 +2413
25.0 0.245 0.6591 0.6757 +2 .52
Temperature: 340,0°F
0.0 - 1.0000 1.0000 0.00
1.0 G .,9%0 0.9914 0.9925 +0,11
2.0 L.,9338 0.9830 00,9849 +0 .19
6.0 1.590 0.9496 0.9535 +0 A1
8.0 1.170 09317 0.9371 +0 .Bd
10.0 0.919 0.9148 0.9204 +0,61
20.0 0.412 0.8202 0.8279 +0 .04
25.0 0,308 0.7664 0.77456 +1.07
30.0 0.237 O.T07T 0.7147 +0,99
35,0 0.1383 0.6375 0 H439 +1.01
375 0.161 0.6005 0 .5047 y@.?@
50.0 0,068 0.3384 0.3408 +0.71




TABLE XVII (CONTIHUE

D)
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Temperature: 400.0°F
Pregsure Volume Z Z 7 Dev.
ata. cu.it./1b. exp cal.
0.0 - 1.0000 1.0000 0,00
1.0 10.729 0.9934 08939 +0 .05
2 aO ._)29 O -98’55 O 09878 '?Q 013
4.0 2 530 0.9T41 09755 +0 .14
5.0 1.730 0.9611 0.5629 +0 .19
8.0 1.279 09474 0.9501 +0 429
10.0 1.009 0.9342 0.9371 +0,31
15.0 0.648 0.9000 0.9034 +0,38
20,0 0487 0.8648 0.8680 037
25.0 0.353 9.8287 0.8308 +0.25
30.0 0.284 .?869 0.7911 +0,28
35.0 0,231 0,.T486 0.7T493 +3 .09
37 .5 0.210 0.7286 0.7280 -(3,08
40,0 0.191 0.7074 047055 «0.27
50.0 133 0.56157 0.56100 =0.93
80,0 0.059 04370 00,4365 -0 .09
Pemperature: 460,0°F
2.0 5717 0.9896 0.9901 H) .05
4.0 2.829 0.9794 0.,9301 +0,07
5.0 1.867 0.9695 0.9701 0,06
8.0 1.335 0.9590 0.9598 10 .03
10.0 1.0956 o.9&8o 0.9495 +) <09
15.0 0.7T10 0.9213 0,.9231 +0 14




TABLE XVITI (CONTIUUED)
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Temperature: 460 O°F (conttd)

Pregsure volume Z YA Dev.

ata. cu.ft./1b. SxD. cal.
20.0 0,516 0.,0967 0.3962 =000
25.0 0.402 2 .8693 0.3584 ~0.15
45.0 O.22 0.7859 07300 -0 07
80.0 0,085 J.5885 05727 2402
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TABLE XVIII
SUMMARY OF CALCULATIONS KOS n-BUTANE
USTiG HMETHOD=B

Temperature: 100,0°F

#* %
Pressure vVolume Z Z o Dev,
atm, cu.tt./1b, eXD. cal. ’
0,0 - 1.0000 1.0000 0.00
1.0 6.302 0 ¢967Lf~ 0 ‘9853 +1 ¢85
Temperature: 160,09
0.0 ~ 1.0000 1.0000 0.00
L,0 1.787 0.,9182 0.9534 +3.84
6.0 1.138 0.8771 0.9207 +5 .66
Temperature: 220,09
0.0 - 1.0000 1.0000 0,00
1.0 8.412 00,9851 0.9910 +0 .66
2.0 4,143 0.9704 0.9830 +1.,30
4,0 2.009 0.9411 0 .9650 +2 .54
6.0 1.298 0.9121 9 ,9459 +3.71
8.0 0.940 0.8807 0.9252 +5,05
10,0 0.725 0.8491 0.9028 +0.32
15.0 0.431 0.7571 08340 +10.15

* Method-B: Z is obtalined using equation (3) and

cal,
also using force congtants from literature.

**  Zoxp. OPserved in reference (23), William et al,

Chem. Eng. Progr., Vol. 44, 1947; p. 863-368.




131

TABLE XVIII (CONTINUED)

Temperature: 280,00

Pressure volume Z VA 9, Dev.
atm. cu.i't./1b. exp. cal.
1.0 9.189 0.9888 0.9935 +0 .48
2.0 4,547 0,.9773 0.9868 +0 .97
4,0 2.221 0.9560 0.9731 +1.79
6.0 1.447 0.9343 0.9587 +2.061
10.0 0825 0.8878 0.9276 -+ 49
15.0 0.510 0.8232 0.3821 +T 15
20.0 0.348 O.Z&QO 0.8245 +10.11
Temperature: 340,09
2.0 - 1.0000 1.0000 0,00
1.0 9.960 0.9914 0.,9948 +0 .34
2.0 4,938 0.9830 0 .98G806 +0 .07
Lo 2.427 0.,9653 0.9789 +1 .30
8.0 1.170 0.9317 0.9563 +2.64
10 .f) Q .919 O ‘91148 O .9&44 ’1‘"3 .2)""
15.0 0.582 0 .8690 0.9121 +4 .96
20.0 0.412 0.8202 0.3750 +6.68
25.0 0.308 0.7664 0.8309 +8 40
30 .O O 0237 O "(_‘077 0 t7768 ‘%’9 O77
25.0 0.1383 0.,6375 0.70556 +10.70
37.5 0.161 0 .6005 00,6628 +10 .40
4o .0 0,140 0.5574 0.0102 +9 .49
50 .0 0 L.068 0.3384 0.3438 +1.59




TABLE XVIII(COWTI.IUED)
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Temperature: U400.0%
Pressure Volume Z Z % Dev .
atam. cu.ft./1b, exp. cal.
0.0 - 1.0000 1.0000 Q.00
1.0 10.729 0.9934 0.9959 +0,25
2.0 5.+329 0.9868 2.9917 +0 .50
540 1.730 0.4611 0.,9745 +1.39
8.0 1.279 0,.,9474 0.9656 +1,92
10.0 1.009 0.9342 3.9565 +2439
15.0 0 .648 09000 0.9323 +3 459
20,0 0,467 08648 0.9059 +h,76
25.0 2.358 0.8287 0.8766 5479
30.0 0,204 0.7889 0.8431 +5.87
35.0 0.231 0. TUE6 0.8053 +7 .58
37.5 0.210 D.,7285 0. 7847 +7 .71
40,0 0.191 0. TOTA 0.7621 FT.Th
5040 0.133 0.0157 0.6555 1046
56040 0.095 05275 0.5402 +2435
80.0 9.059 04370 0.4291 -1.81
Temperature: U450.,0°F
0.0 - 1.0000 1.0000 7400
1.0 11.492 0.9946 0.9967 +0,.21
2.0 5.717 0.9896 049933 +0 .37
4.0 2,529 0.9794 0.,9865 +0 .72
8.0 1.385 0.9590 0.9725 +1,52
10 .o 1 003':3 (.) .9}4‘8{) :) .96‘)14 l"l 077




TABLE XvIII (CONTIHUED)
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Temperature: 460.0% (cont'd)
Pressure Yolume A Z ¢. Dev,
ata. cu.ft,/1b. exp. cal. ’
20,0 0.518 0.8967 0.,9272 +3.50
25,0 0402 0.8698 0.9060 +14,17
30.0 0. 324 0.8413 0.8829 +4.,95
35,0 0.269 0.8147 0 .8533 +5 .33
375 0.245 0.7973 0,8445 +5,87
43,0 0.227 0.7859 0.8311 +5 .75
50.0 9.168 0.7270 0.7697 +5 .87
200 5129 06596 S0 o5 TR e |
80.0 0.085 0.5885 0 .5895 +0 .17




TABLE XIX

SUMMARY OF CALCULATIONS FOR n~BUTANE

*

USING METHOD=-C

Temperature: 100.0%

134

W%

Pressure Volume Z Z ¢ Dev,
ata, Gu.ft./lb‘ :Exp. cal. ’
0«0 - 1.0000 1.,0000 0,00
1.0 6.802 0.9674 0.9790 +1.20
2.0 3.288 0.9352 0.9566 +2.29
Temperature: 160,09F
2,0 - 1.0000 1.0000 0,00
1.0 7 0532;4 G ¢9793 0 '9843 40 051
4 .O 1 . ( 7 O 09182 O 09335 ;'1 0b7
6.0 1.138 0.3771 0 .8960 +2.16
8.0 0,313 0.8354 0.8551 +2.36
Temperature: 220,0°F
3.0 - 1.0000 1.0000 0.00
1.0 8.412 0.9851 049880 +0 .29
2.0 4,143 0.9704 0.9756 +0 .54
8.0 1.298 0.9121 0,9228 +1.17
5.0 0.940 0.8807 0.8939 +1 .50
10,0 O.Ta5 0,.8491 D .8632 +1.65
15.0 0.431 0.7571 0.7735 +2.17

* Method-C: Z,,9 1s obtained using equation (11) and

also using force constants from critical constants.

** 7 observed in refevence (23), William et al,

exp.
Chem Eng, Progr., Vol. 44, 1947; p. 863-868.




TABLE XIX (CONTIIUED)

Temperature: 280,0°p
Pressure Volume Z Z % Dev.
atm. cu.ft./1b. exp. cal. :
0.0 - 1.0000 1.0000 0.00
1.0 9,186 0.,9888 0.,9906 +0,.18
2,0 4,541 0.9773 0.9809 +0 .37
4,0 2.221 00,9560 0.9612 +0 54
8.0 1.058 0.9103 0.919 +0 .94
10.0 0.825 0.3878 0.8971 +1.05
20.0 0.348 6.2&90 0.7641 +2.02
25 .0 0,245 0.6591 0,.6731 +2.,12
Temperature: 340 ,0°F
0 aO - B }. .0000 l .OODO O .OO
1.0 9.950 0.9914 0.9925 +0.11
4.0 2.427 0,.,9003 0.9694 +0.32
5,0 1.590 0.9496 0.9535 +0 41
S0 1.170 0.9317 0.9371 +0 .58
15.0 0.582 0.8690 0.3759 +0 .79
20.0 0412 0.8202 0.8275 +0 .89
25,0 0.303 0.7664 0.7735 +0.94
30.0 0.237 0.7077 0.7124 +0,07
35.0 0.183 0.0375 0.6385 +0.16
37 .5 O 0161 O Q€5005 O t5966 "O .{)5
40,0 0.140 05574 0.5463 -1.90




TABLE XIX (COWTINUED)

136

Temperature: 400,00F
Pregsure Volume A Z % Dev,
atm. cu.ft./1b. SXD. cal.
O QO .- 3. QOOOO 1 .OOOQ O QOO
1.0 10.729 0.,9934 049939 +0,05
2.0 54329 0.9858 0.9878 +0.10
4.0 2.630 0.9741 0.9755 +0O L 14
5.0 1.730 0,8511 0.9629 +0 .19
8.0 1.279 0.9474 0.9501 +0,29
10.0 1.009 0.9342 0.9370 +0 .30
15.0 0 .648 Q,8000 00,9033 +2 .37
25,0 0.358 0,8287 0.3303 +0.24
30.0 0,284 0.7889 0.7901 +0 .15
37 .5 0.210 0,72386 10,7252 -0 4T
Z‘O .O 3 0191 {‘) .7074 QO c70lT "‘O -81
50.0 0.133 0,6157 0.5981 ~2.85
50.0 0.095 0.52738 0,4862 ~7 .87
80.0 0,059 0.,4370 0.3408 -22,05
Temperature: 460,00
O QO had 1 'QOOO l ‘OOOO 0 '00
2.0 5.TLT 0.9896 0.9901 +0 .05
0.0 1.807 0.9695 0.9701 +0,06
8.0 1.385 0.9590 0.9598 +0.,08
15.0 0.710 0.9213 00,9231 +0 .16




TABLE XIX (COWTINUED)
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Temperature: 460.0°F (cont'd)
Pregsure volume Z Z ¢ Dev,
atm. cu.ft./1b, O%Xp. cal, ’
20.0 2.518 0.8907 0.8961 -0.07
25,0 0.bo2 0.869¢ 0.8681 -0 ,20
30.0 0.324 0.8413 0.8391 ~0,26
37.5 0,246 0.,7973 0.7939 -0.49
40,0 Q.227 0.7859 0.7788 -0.90




TASLE XX

SUIMMARY OF CALCULATIONS PFOR n-BUTANE

USTHNG HUETHOD=-D
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Temperature: 100.0°%
Pressure volume z 7 % Dev
atm. cu.ft./1b. exp. cal. '
0.0 - 1.0000 1.,0000 0.00
1.0 54802 0.9674 0.9674 +1.85
Temperature: 150,097
0.0 - 1.0000 1.0000 0.00
1 .O 7 0622;' O 09793 O .9391 '&“1 ")O
2.0 3.733 0.9590 Q9777 +1.95
L.,0 1.737 05,9102 0.9535 43,30
8 .D 0 .813 0 033’54 O '8989 "'7 '5‘:8
Temperature: 220,0%
4.0 2,009 0.9411 0.9651 +2 55
8.0 0,940 0.8307 0.9201 +5,15
15 .O D .431 O '7571 "l"ll 021
* Method-D: Z,. is obtained using equation (11) and

also using force congtants from literature,

A

exXp.

chem » Eﬂg » PI'OgI’ (¥} ‘;}«01 - _liﬂ'} 3«9&7; p s 863"’868 .

observed in reference (23), William et al,



‘Yeanerature:

TABLE XX (CONTINUED)

280 ,0%F

139

Pressure Jolume Z Z ¢ Dev,
atm. cu.ft./1b. exp. cal. ’
0.0 - 1.0000 1.0000 0.00
1.0 9.189 0.9888 0.9935 +0 .48
2.0 4,547 0.9773 0.9368 +0.97
4.0 2.221 0.9560 0.9731 +1.79
6.0 1457 0.9343 0.9539 +2,63
8.0 1.058 0.9108 0.9441 +3.66
10.0 9.325 0.88756 0.9265 +i .59
15.0 3.510 0.8232 0.0861 +7 Ol
20.0 0.343 0.7490 0.8357 +11,.53
25 .0 O.245 0.6591 0.7716 +17 .10
Temperature: 340.,0°9F
1.0 9.950 0.9914 0.9945 +0 .34
2.0 4,038 10,9830 0.9896 +0 .67
.0 2.427 0,95653 0.9789 +1,30
5.0 1.590 0.9495 0.9679 +1.93
10.0 0.919 0.,9143 0.9450 +3.,30
20.0 0.412 0.8202 0.8806 +7 .36
25.0 0.308 0.T664 0.8430 +9.99
30.0 0.237 0.7077 0.8000 +13.05
35.0 0.133 0.6375 0.T4TT +17.30
37.5 0.161 0.6005 0.7179 +19 .55
40 .0 0.140 0.55T74 0.6822 +22,40
50 .0 0,068 0.3384 0.4551 +34.73




TABLE XX (CONTINUED)
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Pemperature: 400,0%:
Pressure Volume Z Y/ 7. Dev,
atm, cu.ft,/1b, exp. cal.
0,0 - 1.0000 1.0000 0.00
2.0 5.329 00,9853 00,9917 +0 .50
4.0 2.030 0,9741 0.9332 .93
6.0 1.730 0,9611 09745 +1.40
8,0 1.279 09474 0,9058 +1.,94
12,0 1,009 0.9342 0.9563 242
15.0 0,648 0.9000 0.9335 +3.73
20,0 0,467 0.3648 0.9091 +5,13
25,0 0.353 0.8287 0.5831 +30 W57
35.0 0.231 0. T48S 0.8251 +10 .22
37 .5 0.210 0., 7285 0.8096 +11.11
40,0 0.191 0.7074 0.7930 +12.10
50.0 0.133 0,6157 0.2139 +16,T4
00 O 0.095 5.5278 0,6362 +20 50
80,0 0.059 04370 0.5157 +18.,25
Temperature: 460.0%
0.0 - 1.0000 1 .0000 0.00
1.0 11.492 0.994@ 0.9907 +3 .21
2.0 5.7T17 00,9895 0.9933 +0 437
4,0 2.829 0.9794 0 .,9865 +,72
8 .O 1 '385 O 19590 O .9'(2? 4’1 053
10.0 1.096 0.9436 0.9657 +1.,80
15.0 0.710 0.9210 0.9476 +2.80




TABLE XX (COHTILUED)

Temperature: 450.0°F (cont'd)
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Pressure volune Z Z % Dev.

atm. cu.ft./1b, @xp . cal. )

20,0 0.518 0.8967 0.9201 +3.61
25,0 0,402 0.8698 0,.9099 62
30.0 0.324 0.8413 0.8899 577
35.0 0.269 0.8147 0.8h95 +0.Th
37.5 0.248 0.7978 0.85385 7 .01
40,0 0.227 03,7359 0.8480 +7 .39
50,0 04168 0.7270 0.8029 +10,43
60 O 0.129 0.6695 0.7553 +12.83
50 .0 0,085 0.5885 0.5715 +14 .11




SECOND A¥D THIRD VIRIAL COEFFICIENTS

TADLE XXI

¥OR ETHYLENE

AS A FUKCTIOHN OF TEJPERATURE

42

f;mp- B()™ c(m)* B(7)™* c(m)**
288.7 -149.94 7573 .6 ~140.80 5263.2
310.9 -129,23 7188.4 -121.98 5044 ,2
344.,3. -104,03 6045 .,0 ~ 99.16 45686 ,0
377.5 - 83.83 6190.7 - 81,05 4301 .4
410.9 - 67.59 5828 .6 - 6£.35 4089.86
Lih 3 - 54,55 5549.1 - 54,25 3370 .0
L7756 - 42,59 5303.6 - 44 04 3692.1
510.9 - 32.9G 5125.3 - 35.33 3547 .9
533.2 - 27.25 5023 .7 - 30.22 3467.8

* Second and thlrd virial coefficlents using force

constants from literature basgsed on experimental

P"V"T data .

*¥*  Second and third virial coefficients using force

constants calculated from critical constants.



TABLE XXII

SECCHD AND THIRD VIARIAL COEFFICIESRTS
POR ETHAUNE
AS A FUHCTIOH OF TEMPERATURE

143

oo B(m)” c(m)” B(m)™ e(m)™"
310.9 ~127.37 3591.0 -159.67 5728,2
344,3 ~104 .93 3u32.7 ~130.95 6330.5
3776 - 37.20 32e2,1 -1038.,22 5910 ,2
410.9 - 72.90 3019.6 - 89.81 5533.9
4k 3 - 61,11 20842.5 - TH 50 5215 .2
UTT .6 - 51.22 2093 .2 - 51.91 4955,9
510.9 - 42.81 2569 .1 - 51,02 4740 .2

* Second and third virial coefficlents using force

constants from literature based on experimental

P-V~T data.

*¥* Second and third virial coefficlients using force

constants calculated from critical constants.
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TABLE XXIII

SECOND AND THIRD VIRIAL COEFFICIENTS
PO} PROPAR

AS A FUNCTION OF TEMPERATURE

o B(1)* c(m)* B(T)** c(m)™
310.9 ~365 .40 30121.3 -315.52 12631.3
327 .6 -331.73 29547 .7 -287 .40 13149.6
344.3 -301.63 28745.2  ~-262.61 13291.5
360 .9 -274 .63 27864 .8 ~240 ,50 13186.4
377.6 -250 .56 26967 .6 -220.79 12985.,0
410.9 -209.27 25266 .9 -137 .45 12354 .8
4ih 3 ~175.34 23788.1 -159.,92 11676.0
kr7.6 -145 .86 225426 ~136.92 11040.1
510.9 -122,68 | 21511.3 -117 .48 10478,7

*  Second and third virial coefficlents using force

constante from llierature based on experimental

P"V-T da-ta .

**  Second and third virial coefficlents using force

constants calculated from critical constants,
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TABLE XXIV

SECOND AND THIRD VIRIAL COEFFICIENTS
FOR n~-BUTANE

AS A FUNCTION OF TEMPERATURE

§;mp~ B(m)* c(n)” B(T) ™" c(T)™*
310.9 ~-363.16 12152,3 -519 .09 12694 ,2
344 .3 -303.14 14032.8 434,28 19709.,5
37746 -250,15 14200,5 -368,20 21619.6
410 .9 -218,30 13740.3 -315.31 21935.0
Ly 3 -187.21 13080.2 -272.07 21262.5
LTT7 .6 «101,38 12393.4 ~-236.07 20324 ,2
510.9 -139.46 117664 -205 .67 19345,8

* Second and third virial coefficlents uslng force

constants from literature based on experimental

P"YJ“T data .

**%* BSecond and third virial coefficients using force

constants calculated from critical constants.



NOJAENCLATURE

B(T) Second Virial Coefficlent
c{m) Third virlial Coefficient

b Fourth Virial Coefficient
E ¥irth Virial Coefficient
I Sixth Virial Coeffliclent
51 Enthalpy

P Pressure

Pe Critical Pressure

] Gas Constant

S Entropy

T Temperature

To Critical Temperature

U Internal Energy

¥ Jdolar Volume

Ve Critlical Volume

il Compresslbility lactor

Z Critical Compressibllity ractor

</ rorce Constant

bo Kinetlic Constant
r Collislon Diameter
la) Indicates the Ideal Gaseous State

* Indicates the Reduced Quantity
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