
Adsorption Of Binary And Ternary 
Hydrocarbon Gas Mixtures On Activated 
Corbon: Experimental Determination And 
Theoretical Prediction Of The Ternary 

Equilibrium Data 

Experimental binary and ternary equilibrium data for the adsorption of hydro- 
carbon mixtures of methane, ethane, ethylene, and propylene on activated carbon 
at 20°C are presented and discussed. Reproduction of binary adsorption equilib- 
ria and prediction of ternary adsorption equilibria exclusively with data of binary 
systems have been carried out using a real adsorbed solution theory, which 
requires the calculation of the activity coefficients for the components in the 
adsorbed phase. 

Predicted equilibrium data are found to be in excellent agreement with experi- 
mental values using Wilson and UNIQUAC equations to calculate the activity 
coefficients. The real absorbed solution theory provides a much more accurate 
method for predicting multicomponent adsorption equilibria than the ideal ad- 
sorbed solution theory. 
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SCOPE 

The use of adsorption for the separation of gas mixtures has 
been continuously increasing. The main advantages of adsorp- 
tion as compared with other separation techniques are the high 
selectivity that can be attained and the relatively high capacity 
of the adsorbents for volatile compounds, even at low partial 
pressures. Some applications of interest include the purifica- 
tion of methane, ethylene, and other light hydrocarbons; the 
covery of LPG from natural and refinery gas streams; the 
separation of olefins from cracked gases; and the recovery of 
acetylene and other pretrochemicals from dilute mixtures with 
other hydrocarbon gases. 

Although there are a great deal of publications on adsorption 
of mixtures of hydrocarbons on porous solids (Hill, 1949; Young 
and Crowell, 1962; Myers and Prausnitz, 1965; Van Ness, 1969; 
Eberly, 1971; Veyssikre and Cointot, 1975; Ruthven, 1973, 
Danner and Choi, 1978), only a Iimited amount of basic 
equilibrium data for the design of commercial activated 
carbon-based separation systems has been published (Myers, 
1965; Szepesy and Illes, 1963; Friederich and Mullins, 1972). 

On the other hand, most of the theoretical work based on the 
analogy between the thermodynamics of solutions and the 

thermodynamics of mixed adsorbates predicts adsorption 
equilibria using the assumption of an ideal behavior of the 
adsorbates on the solid surface, which can be expressed in 
terms of a Raoult’s type law (Myers, 1965). However, predicted 
adsorption equilibria are not always found to be in good 
agreement with experimental data. Certainly, there is a com- 
petition of the adsorbed molecules for the active centers of the 
solid surface, due to the different adsorption capacity of the 
adsorbates, so that the ideal adsorbed solution theory can be 
improved modifying the Raoult’s law by the introduction of the 
activity coefficients for the components in the adsorbed phase. 

This paper discusses new experimental data on adsorption 
for binary and ternary hydrocarbon mixtures on activated 
carbon at 20°C and a total pressure up to 760 mm Hg (101.33 K 
Pa). A thermodynamic method based on a real adsorbed solu- 
tion theory is applied to reproduce experimental binary ad- 
sorption equilibria and to predict ternary adsorption equilib- 
ria, only with binary systems data, calculating the activity 
coefficients for the components in the adsorbed phase by means 
of Wilson and UNIQUAC equations for vapor-liquid equilib- 
rium. 

CONCLUSIONS AND SIGNIFICANCE 

An experimental technique based on a fluidized adsorbent 
bed can be used to determine adsorption equilibria of gaseous 
mixtures in porous solids, which are fundamental to the design 
of adsorption separation systems. 

Experimental adsorption isotherms of binary and ternary 
mixtures of methane, ethylene, ethane and propylene on ac- 
tivated carbon were obtained at 20 and 50°C and absolute 
pressures in the range 0-750 mm Hg, using gas chromatog- 
raphy for the analysis of the gaseous phase. Small variations of 
the equilibrium diagrams y-r with total pressure have been 
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prediction techniques of multicomponent adsorption equilib- 
ria, a thermodynamic method has been applied to reproduce 
experimental binary and ternary adsorption equilibria. This 
method is based on the analogy between the thermodynamics 
of solutions and the thermodynamics of absorbed mixtures, 
using a real adsorbed solution theory. 

Using Wilson and UNIQUAC equations to calculate the ac- 
tivity coefficients of the components in the adsorbed phase, we 
found that experimental and predicted data are in excellent 
agreement. These activity coefficients, that account for the 
interaction between the adsorbates on the adsorbent surface, 
appear to vary with composition in a similar form to that 
corresponding to typical vapor-liquid equilibria of mixtures not 

very different from ideality, and the values calculated are in 
the range 1-0.5. Values closer to unity correspond to mixtures 
closer to ideality, as ethane-ethylene. This confirms again the 
analogy between the thermodynamics of solutions and the 
thermodynamics of adsorbed mixtures. 

The agreement between predicted and experimental data 
seems to be much better than that corresponding to the ideal 
adsorbed solution theory, for which activity coefficients in the 
adsorbed phase are assumed to be unity. One of the main 
advantages of using Wilson and UNIQUAC equations, as in the 
case of the vapor-liquid equilibrium, is the ability to predict 
activity coefficients of ternary or multicomponent adsorbed 
mixtures from experimental data of binary mixtures only. 

THEORY 

Hill (1949), Myers and Prausnitz (1965), and Van Ness (1969) 
developed a thermodynamic treatment of the gas adsorption 
equilibria based on the obvious analogy between vapor-liquid 
and gas-adsorbate systems. 

During the adsorption phenomena, the properties of the fluid 
and solid phases change in the neighborhood of the interfacial 
surface forming an ill-defined interfacial region. According to 
the original idea of Gibbs, this difficulty is circumvented by 
replacing the actual system of the two above-metioned phases 
and a condensed two-dimensional phase, with another 
hypothetical integrated for the fluid phase with its own ther- 
modynamic properties. This condensed phase partially covers 
the adsorbent surface that will be assumed uninfluenced by 
temperature, pressure, composition, or amount of adsorbate. 

Pressure and Superficial Area 

The global closed system consists of two open subsystems: a 
three-dimensional gas phase (g) and a two-dimensional adsor- 
bate phase (a). Considering this system, the differential varia- 
tion of the Gibbs's free energy for both of them will be: 

for the first one, and ; 

c 

dG" = -S"dT + A"dz  + 2 p($dN: (2) 

for the second one. II and A are respectively the spreading 
pressure and the total surface of the adsorbent, replacing the 
pressure p and the volume V for the gas phase in Eq. 1. 

Considering the expression of the Gibbs's free energy G,  as a 
function of the chemical potential pi, assuming an ideal behavior 
of the gas phase and expressing the chemical potential pi as a 
function of its composition yi by basic thermodynamics, keeping 
in mind the equilibrium condition, Eq. 3 (p7 = p?), Eq. 2 gives: 

t=1 

A c 

- -dII + N ,  dlnp + Nidlny, = 0 (T = const.) (3) 
RT t=1 

Integrating this equation for a pure component (constant gas 
composition) between the limits p = 0 ,  n=0, and p = p ,  II=H 
gives the following expression: 

(4) 

Eq. 4 provides the means to calculate the spreading pressure 
of each component @I:), needed to estimate the spreading 
pressure of the mixture (II), using the information from the 

experimental adsorption isotherms (Nt vs. p )  of the pure compo- 
nents. 

If we now consider a binary system of components 1 and 2, 
Eq. 3 integrated between limits: y, = 1, H = II: and!, = yl ,  H 
= II gives: 

where 

AII = II - :. II = IIq + AII (6) 

Eqs. 5 and 6 can be used to calculate the spreading pressure of 
any binary mixtures (II), being its value always comprised be- 
tween the spreading pressures II: and II; of the less and more 
adsorbed pure components respectively. 

Real Behavior of the Adsorbate: Modified Rooult's Caw 

The prediction of gas-solid adsorption equilibria may be fol- 
lowed by two different approaches, according to the assumed 
behavior (ideal or real) ofthe adsorbed phase. The first approach 
assumes that each of the adsorbates in the adsorbed phase 
behaves independently of the presence of the molecules of the 
other adsorbates. In the second approach, the possible inter- 
actions between the molecules of the different adsorbates com- 
peting to occupy the active centers of the adsorbent surface are 
considered. 

Accounting for the real behavior of the molecules of the 
adsorbate requires the calculation of the activity coefficients of 
the components. Myers and Prausnitz (1965), applying basic 
thermodynamic relationships to the adsorbed phase, developed 
an expression for the chemical potential of the components as a 
function of the mixture composition and the activity coefficients. 
At the equilibrium, equating the chemical potentials of each 
component in both phases, the following expression was ob- 
tained: 

(7) 
This expression can be regarded as a modified form of Raoult's 
law for vapor-liquid systems, with the vapor pressure of pure 
components at the equilibriuin temperature replaced by the 
pressure pq (II). This new term py (II) can be physically inter- 
preted as the pressure that the pure component i should have in 
the gas phase to give rise, when adsorbed, to the same spreading 
pressure n of the mixture at the same temperature. 

The necessary values of the pressure pq (II) in Eq. 7 can be 
obtained from a plot of II: AiRT vs. p (for pure components), 
being the abscissa corresponding to )IIA/RT of the mixture given 
by Eq. 6. 

In the case of an ideal binary mixture, although the equilib- 
rium data could be calculated directly from the isotherms of the 
two pure components, it would be also possible to use Raoult's 
law (Eq. 7) with y1 = yz=l  to calculate the pressures p y  (TI) as 
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indicated before. This method was previously used by Myers 
and Prausnitz (1965). 

Rdiakn of A A o q ~ t i m  Equilibria 

Young and Crowell (1962) have summarized the existing 
methods used until 1962 to predict the adsorption equilibria. 
Most of them are based on Langmuir and B.E.T. equations for 
fixed beds. 

Later, Myers (1965) developed a niodel to predict the adsorp- 
tion equilibria of binary mixtures from the adsorption isotherms 
of the pure components, assuming an ideal Iwhavior of the 
adsorbate (rl =y2= 1). Reproduction of the experimental data of 
Szepesy and 1lli.s (1963) with their model was not very succ~"ss- 
ful. Wore  recently, Friederich and Mullins (1972), using a Van 
der lvaals-type state equation for the adsorbed phase. proposed 
a new niodel that yields results in good agreement with Myers. 

In any casc., up to now, methods for prediction of adsorption 
equilibria based on the analogy with vapor-liquid equilibria 
have assumed ideal behavior of the adsorbed phase. This 
hypothesis is only valid for mixtures ofcomponents with similar 
adsorption capacities. Therefore. these methods show morc 
appreciable deviations for mixtures with components of ciifTer- 
rnt  adsorption capacities. spccially iri the high dilution ranges, 
as i n  the case of the purification prnccsscs of some light hydro- 
carbons (methane, ethane, etc). 

Considering ihc: parallctlisni bc.twc.ctn thc thcwnodynamics of 
solutions and the thcArmodynainics of tht. artiial adsorbed phases 
( S E # O ;  H','#O), i t  scems rcasonalde to IISC' Wilson (1964) and 
C N 1 Q C A C ( 1975) eq  uat inn s to  d t' t e  r m i ne the activity 
coefficients of the adsorhcd comporicnts, assuming as a first 
approximation that the physical meaning of the pararnrters of 
such equation is still valid for the adsorbed phase. 

The expression of the well-known Wilson equation for thc 
Zictivit! coefficients of a liquid-mixtiire component is: 

- c x k A k i  
k= I 

whwP the binary constants A ,  Aj,. Ak,, rnrist be experimentally 
deter mi n c d  . 

N'ith th r  UNIQGAC cyuation dweloped by Abranis and 
Prarrsriitz. i t  is possible tocalculate the activity corfficients ofthe 
liquid iiiixturv cornponvnts knowing the structural parameters s, 
and r ,  and thectxdination index, z ,  of the individual molecules. 
rc.portcd by Bondi (1968). This equation can be written as: 

4 2  8, 
1 1 1  y ,  = In + - s ,  In - 

x, 2 4, 

with 

0, = - ; 4, = -, 
s, *, r ,  x, 

2 8,  I] 
I J 

2 r J  ' 1  

wherr the binary constant\ 7,, and T , ~  mu\t be expercinentally 
determined 
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Both equations (Wilson and UNIQUAC) have empirical con- 
stants of only binary mixtures, being therefore very useful for 
predicting activity coefficients in multicomponent mixtures 
without further experimental data required. We use both of 
them, in the present work, to predict the adsorption equilibria 
of multimmponent gas mixtures. 

EXPERIMENTAL SYSTEM 

The equipment was built of pyrex glass and constituted of the follow- 
ing fundamental elements: a fluidized bed of adsorbent; an nil-free 
compressor for circnlating the mixture: and a gas chromatograph for the 
analysis of the gas mixtnre. The three of them were arranged in a closed 
circuit, Figure 1. The hed was provided with a jacket to maintain a 
mnstant temperature during the adsorption runs and the adsorbent 
regenerations. 

.4etivated carhon type AC-40, supplied by CompaGa Espari? la d e  
Carhories Activos S.A.,  with a B. E.T. surface area of 700 m2/g, particle 
porosity of0.715, cylindrical with 0.83-mm radius and4.26-mm height, 
real density of 2.70 g/cm3, and apparent density of 0.785 dcm3. 

Hydrncarhon gases supplied by Sociedad Espailola d e  Oxigeno S.A.:  
methane (99,956 niin.), ethane (W% miii.), erhylrne (99.93% min.) and 
propyltw. (99% niiri. ). 

.\ kiinwn ainourit of adsorbent (50 g of activated carbon) was intro- 
duced i i i  the reactor and degasifird by heating up to 270°C and reducing 
the pressure to 0. I mm Hg. Thrsr  conditions wcrv maintained in the 
installation for a period of at lrast 12 hours. Then. the dilutant gas 
(heliiiin) was introduced to thr  svstrin until an ahsoliite pressure of 200 
mm Hg was reached. Finally. successive amounts of the hydrocarbons 
wrre added until a total pressure of 750 inm Ilg was attained. 

The experimrntal data points of the adsorption isotherms are obtained 
hy; 1. introducing successive known \oliimcs ofadsorhate in the circuit; 
and 2. hoinogenizing thc gaseoiis mixture by recirciilatingit through the 
by-pass. Thcn, the mixture is made to flow repeatedly through the 
atlsorhc*rit hcd until the steady state. charactrristicofthe t.quilihriun1. is 
attained. This is observed hy pvriodic analysis nf 0.1 cm3 gaseous sam- 
ples. 'l'hr amount of adsorbed phase is cdcrilated by material halance 

Experiments were rarried out at 20 and 50°C: and thr ahsqlute 
pressure. of ecpilihriiim of the adsorhates were i n  the range 0-750 mm 
Hg. Iri such mnditions. the adsorptioii of heliiini was nrgligihlc.. 

Th(a characteristics of the adsorhent and gases used were: 

5 

7 
1 ADSORPTION BED 
2 COMPRESSOR 
3 FLOW METER 
4 MANOMETER 
5 GAS BURET 
6 CHROMATOGRAPH & 

RECORDER 

f 

- 

3 

7 HYDROCARBONS & 
He SOURCES 

Figure 1. Experimental system. 
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TABLE 1. EXPERIMENTAL EQUILIBXWM DATA AND SPREADING 
PRESSURE FOR THE PURE COMPONENTS 

Methane Ethylene 

N ,  P I-I"A N ,  P IYA 
(gmol) (mm Hg) RT (gmol) (mm H d  1IT - 

4.206 63.27 4.714 6.500 lIF3 4.10 6.010 
7.909 lo-' 131.70 9.043 1.592 lo-' 17.99 2.471 lo-' 
1.169 lo-' 199.12 1.305 lo-' 3.029 lo-' 52.09 4.847 lo-' 
1.484 lo-' 272.95 1.722 lo-* 4.399 lo-' 125.00 8.217 lo-' 
1.823 lo-' 344.53 2.106 lo-' 5.252 lo-' 181.44 1.005 lo-' 
2.121 lo-' 420.05 2.497 lo-' 6.056 lo-' 242.32 1.169 lo-' 
2.425 lo-' 495.14 2.870 lo-' 6.796 lo-' 309.34 1.326 lo-' 
2.712 lo-' 571.83 3.240 lo-' 7.459 lo-' 384.10 1.481 lo-' 
2.947 lo-' 653.87 3.619 lo-' 8.060 lo-' 465.00 1.630 lo-' 
2.282 lo-' 761.09 4.092 lo-' 8.659 lo-' 546.12 1.764 lo-' 

Ethane 9.209 lo-' 632.00 1.895 lo-' 

5.900 1.80 8.186 9.658 lo-' 728.00 2.002 lo-' 
1.009 lo-' 4.75 1.821 lo-' Propylene 

2.564 lo-' 25.67 4.534 LO-' 1.390 lo-' 0.24 1.166 lo-' 
3.800 lo-' 56.13 7.169 lo-' 3.105 lo-' 2.56 3.366 lo-' 
4.608 lo-' 85.38 8.938 lo-' 5.090 lo-' 12.80 1.161 l(r' 
5.597 lo-' 143.14 1.151 lo-' 7.005 lo-' 30.03 1.705 lo-' 
6.700 lo-' 208.42 1.382 lo-' 9.095 lo-' 64.90 2.356 lo-' 
7.708 lo-' 282.90 1.601 lo-' 1.095 lo-' 122.19 3.014 lo-' 
8.539 lo-' 374.80 1.820 lo-' 1.252 lo-' 209.14 3.666 lo-' 
9.401 lo-' 463.74 2.001 lo-' 1.377 lo-' 327.70 4.268 lo-' 

1.073 lo-' 680.93 2.318 lo-' 1.575 lo-' 618.47 5.217 lo-' 
1.087 lo-' 737.32 2.350 lo-' 1.620 lo-' 713.63 5.447 lo-' 

1.015 lo-' 564.04 2.172 lo-' 1.486 lo-' 463.78 4.773 lo-' 

RESULTS AND DISCUSSION 

Adsorption isotherms in the range 0-750 mm Hg pressure and 
20-50°C temperature have been obtained for the following 

0 24 

0 prm CHI 

b 200 UM 600 800 
'mm 

Figure 3. Equilibrium isotherms of CH, and C2H6 mixtures at 20°C. 
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Figure 2. Equilibrium isotherms of CH, and C'H, mixtures at 20°C. 

cases: 

ylene. 

ethylene-ethane, ethylene-propylene and ethane-propylene. 

Pure Components: methane, ethylene, ethane and prop- 

Binary Mixtures: methane-ethylene, methane-ethane, 

0.24 

N x d 
mole5 l g .  

0. M 
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0.12 

0.08 

0.04 
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Figure 4. Equilibrium isotherms of CZH, and CzHs mixtures at 20°C. 
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0.848 0.998 
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0.051 0.580 

0.880 0.931 
0.770 0.857 
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0.314 0.444 
0.153 0.243 

0.800 0.993 
0.614 0.980 
0.253 0.858 
0.141 0.696 
0.055 0.436 
0.028 0.248 

0.807 0.989 
0.619 0.954 
0.277 0.798 
0.126 0.565 
0.064 0.363 
0.021 0.156 

Methane-Ethylene 
6.010 10-3 
7.008 10-3 
9.088 
2.900 10-2 
4.252 lo-' 

Methane-E thane 
1 

6.370 
7.373 10-3 
9." 10-3 
1.364 lo-' 
4.050 lo-' 
5.450 lo-' 

Ethylene-Ethane 
6.382 lo-' 
6.640 lo-' 
6.924 lo-' 
7.224 lo-' 
7.584 lo-' 
7.967 10-2 
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7.200 lo-' 
8.426 lo-' 
1.352 10-1 
1.701 lo-' 
2.072 lo-' 
2.271 10-1 
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9.210 lo-' 
1.081 10-1 
1.536 10-1 
1.922 10-1 
2.156 10-1 
2.348 lo-' 
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Figure 6. Equilibrium isotherms of C2H6 ond C3HB mixtures at 20°C 

Ternary Mixtures: methane-ethylene-ethane and ethylene- 
ethane-propylene. 

The experimental results for the pure components are sum- 
marized in Columns 1 and 2 of Table 1. These data, substituted 
in Eq. 4, allowed the calculation of the s reading pressure of 

the table. 
The experimental data for the binary mixtures of different 

initial composition are represented in figures 2 to 6. To calculate 
the spreading pressure of a certain mixture at a given tempera- 
ture and pressure, Eqs. 5 and 6 were applied to all the points in 
the series of isotherms corresponding to such a pressure for the 
binary mixture considered. The equilibrium pressures selected 
were 75 and 100 mm Hg respectively. Higher pressures were 
not suitable for the graphical method of calculation of py(II) 
explained before, because the values of IIAIRT were too high 
and considerable extrapolation of the lower curves would have 
been necessary. 

For the five binary mixtures investigated and an equilibrium 
pressure of 75 mm Hg, Table 2 shows: composition of both 
phases (xl, yl), spreading pressures of the adsorbate in the form 
of nylyA/ RT, and calculated values of py(,"lcm for the two compo- 
nents. Columns 1 , 2 , 4  and 5 of Table 2 were used with Eq. 7 to 
calculate the activity coefficients that are represented in the 
Figures 7a) to l la) .  

Binary Mixture Equilibria: Experimental Results vs. Wilson and 
UNIQUAC Equations 

each pure component, which appears as Il B AIRT in Column 3 of 

The constants A,,, A,, and r,,, r,, of Eqs. 8 and 9 depend on 
composition and activity coefficients, and the two last ones also 
on the structural parameters s, and r, and the coordination index 

The lack of data in the high dilution zones made unreliable to 
make the possible determination of such constants with the 
simplified equations for infinite dilution. Therefore, a nonlinear 
regression program applied to all the experiments of each mix- 
ture was used to calculate them. 

z .  
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Prodiction of Temory Mixtures Equilibria: Wilson and UNIQUAC 
Equations 

Two ternary mixtures were studied: methane-ethylene- 
ethane and ethylene-ethane-propylene, for which experimental 
and predicted equilibrium data were obtained. 

For predicting the composition of the gaseous phase corre- 
sponding to a given composition of the adsorbed phase, Wilson 
and UNIQUAC equations were used again. These equations, 
with the constants previously ca-lculated for binary mixtures (Aij ,  
Aji, T ~ ~ ,  7ji) ,  provided the necessary activity coefficients of the 
three adsorbed components. Then, the spreading pressure of 
the mixture was estimated by a trial-and-error method, trying 
values ofp? (11) and the activity coefficients just calculated in the 
modified Raoult’s Eq. 7, until the necessary condition y, + y2 + 
y, = 1 was satisfied. 

Table 3 summarizes the experimental and calculated molar 
fractions of both phases at equilibrium. The agreement attained 
with both equations was similar to that for binary mixtures. 

Although a broader range of compositions was intended with 
both ternary mixtures, very dilute mixtures of the less adsorbi- 
ble components (methane in one of the mixtures and ethane in 
the other) resulted in large spreading pressures which made the 
graphic calculation of pq (II) unsuitable, as already mentioned. 

The composition ranges investigated with both ternary mix- 
tures are considered to be sufficiently representative to let us 
conclude that the precision attained in the prediction of equilib- 
rium data with both equations, Wilson and UNIQUAC, is valid 
for any reasonable composition of the two mixtures. 

For the pure components, the five binary mixtures and the 
two ternary mixtures, the corresponding isotherms at 50°C were 

1 

0.9 
0.8 

0.7 

8, 0.6 61 

Figure 7. Mixture CH,-C,H,: experimental and colculoted equilibrium 
data. 

0 )  Activity coefficients. 
(0 exp., - WILSON, --- UNIQUAC) 
b) y-x diogram (molar fractions). 
(0 exp., -WILSON, --- UNIQUAC) 

With the calculated values of these constants, Wilson and 
UNIQUAC equations were applied to the adsorbate composi- 
tions indicated in Table 2, for calcu1,ating t h e  activity 
coefficients. The resulting values are also represented in Fig- 
ures 7a) to l la ) .  Finally, with the calculated activity coefficients 
and Eq. 7, gas phase compositions corresponding to Column 1 of 
Table 2 were obtained. The calculated and experimental results 
for 20°C and 75 mm Hgare compared in Figures 7b) to Ilb). The 
deviations between experimental and calculated data were al- 
ways less than 5%. 

Activity coefficients of Figures 7a)-lla) show a clear deviation 
from ideality in all the cases except for the binary mixture of 
ethane-ethylene. This is obviously due to the differences be- 
tween the molecules of the components, showing different ad- 
sorption capacities, and competition to occupy the active cen- 
ters of the adsorbent surface. In the case of the ethylene-ethane 
mixture (Figure 9), the activity coefficients of both components 
were practically equal to unity due to their similar adsorption 
capacities. 

Finally, we want to point out that the values of r ,  s, and z 
parameters used in UNIQUAC equation were the same as the 
ones proposed by Abrams and Prausnitz (1975) for the compo- 
nents in the liquid phase with the same composition. The small 
deviations observed between experimental and calculated val- 
ues demonstrate the viability of such a hypothesis. 

XI (b) 

Figure 8. Mixture CH,-C,H,: experimentol ond colculoted equilibrium 
data. 

a) Activity coefficients. 
(0 exp., - WILSON, ---- UNIQUAC) 
b) y-x diogram (motor froctions). 
(0 exp., __ WILSON, ---- UNIQUAC) 
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TABLE 3. EXPERIMENTAL AND CALCULATED EQUILIBRIUM DATA FOR TERNARY MIXTURES 

Experimental Wilson UNIQUAC - 
X I  XI x 3  Y l  Y Z  Y3 YY Y"Z Yw3 Y "i Y; y; 

0.376 0.309 0.315 0.950 0.035 
0.276 0.239 0.484 0.921 0.033 
0.275 0.480 0.244 0.899 0.085 
0.161 0.417 0.422 0.790 0.113 
0.113 0.582 0.305 0.685 0.250 
0.113 0.293 0.594 0.710 0.138 
0.091 0.445 0.464 0.633 0.230 

0.800 0.180 0.020 0.889 0.110 
0.629 0.174 0.197 0.865 0.124 
0.559 0.2& 0.236 0.810 0.175 
0.455 0.251 0.294 0.734 0.245 
0.397 0.437 0.166 0.604 0.387 
0.291 0.324 0.385 0.573 0.388 
0.226 0.483 0.291 0.394 0.583 
0.187 0.582 0.231 0.332 0.656 

&015 0.946 
0.046 0.920 
0.016 0.897 
0.080 0.814 
0.065 0.694 
0.152 0.732 
0.137 0.653 

E thylene-Ethane-Propylene 
0.001 0.887 
0.011 0.854 
0.014 0.806 
0.021 0.735 
0.009 0.602 
0.039 0.567 
0.022 0.428 
0.012 0.341 

Methane-E thylene-Ethane 

0.038 0.017 0.943 0.041 0.016 
0.043 0.038 0.909 0.045 0.046 
0.084 0.018 0.885 0.096 0.019 
0.117 0.068 0.769 0.152 0.079 
0.243 0.065 0.661 0.271 0.068 
0.132 0.136 0.687 0.148 0.166 
0.222 0.124 0.593 0.258 0.149 

0.112 0.001 0.889 0.110 0.001 
0.137 0.009 0.850 0.139 0.010 
0.182 0.012 0.812 0.176 0.012 
0.247 0.018 0.740 0.244 0.016 
0.391 0.008 0.602 0.387 0.011 
0.399 0.034 0.571 0.398 0.031 
0.554 0.019 0.431 0.553 0.017 
0.646 0.013 0.344 0.642 0.013 

1 

0.9 
0.8 

0.7 

0.6 

0.5 

0 0.5 1 
(a) Xl 

(b) 

Figure 9. Mixture C,H,-C,H,: experimental and calculated equilibrium 

a) Activity coefficients. 
(0  exp., - WILSON, --- UNIQUAC) 
b)  y-x diagram (moler fraction). 
(o exp., - WILSON, --- UNIQUAC) 

Figure 10. Mixture C2H4-C3HB:. experimental ond calculated equilibrium 

a) Activity coefficients. 
(0 exp., -WILSON, --- UNIQUAC) 
b) y-x diagram (molar fractions). 
(0 exp., - WILSON, --- UNIQUAC) 

data. dato. 
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(b)  

Figure 1 1. Mixture C2H6-C3H6: experimental and calculated equilibrium 
data. 

a) Activity coefficients. 

b l  Y-x diagram (molar fractions). 
(0 exp., - WILSON, --- UNIQUAC) 

(0 exp., - WILSON, --- UNIQUAC) 

also experimentally determined. At both temperatures (20 and 
SOOC), the equilibrium data of the binary and ternary mixtures 
were calculated for 75 and 100 mm Hg. Deviations between 
experimental and calculated values were in all cases of the same 
order of magnitude already indicated ( M a r r b ,  1979). 

NOTATION 

A 
C = component c 
G = Gibbs free energy 
H = enthalpy 
1 = function of parameters z ,  r ,  s in UNIQUAC equation 
N = number of moles adsorbed per gram of adsorbent 
N i  ’= number of moles adsorbed of component i 
N ,  = number of total moles adsorbed 
p =pressure 
py(II) = equilibrium pressure for pure component, i ,  corre- 

R = gas constant 
r 
S 

T = absolute temperature 

V =total volume 

= total area of adsorbent 

sponding to spreading pressure II 

= structural parameter in UNIQUAC equation 
= structural parameter in UNIQUAC equation 

X 

y 
2 

= molar fraction in adsorbed phase 
= molar fraction in gas phase 
= coordination index of individual molecules in UNI- 

QUAC equation 

Geek Letten 

= increment 
= function of parameters r, x in UNIQUAC equation 
= activity coefficient 
=binary constant in Wilson equation 
= chemical potential of component i 
= spreading pressure of the mixture 
= spreading pressure of pure component i 
=binary constants in UNIQUAC equation 
= function of paramenters s, x, in UNIQUAC equation 

Superscripts 

a = adsorbed phase 
g =gas phase 
0 = pure component 

Subscripts 

i = component i 
j = component j 
k = component k 
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