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Adsorption of a four-component gas mixture on zeolite NaX 
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Adsorption of  N2, CH 4, C2H 6, C3H 8, and their mixture on zeolite NaX was studied by 
the volumetric method under static conditions at 278 K in the pressure range from 0.1 to 
0.8 MPa. Compressibility factors were calculated in order to take into account the nonideal 
character of  the gas phase. Adsorption isotherms of individual gases and partial isotherms 
were obtained. The adsorption properties of gases in the adsorption of  a mixture and its 
components were compared. The selectivity coefficient of  adsorption of  propane in the N 2 -  
CH4--C2H6--C3Hs--NaX system was calculated, and its dependence on the total pressure 
was determined. 
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S tudies  o f  ad so rp t i on  f rom m u l t i c o m p o n e n t  systems 
are ma in ly  c o n f i n e d  to b inary  systems.  

T h e  purpose  o f  the  p resen t  work  is to obta in  exper i -  
men ta l  da ta  on  the  adsorp t ion  o f  a f o u r - c o m p o n e n t  gas 
mix tu re  on  a m i c r o p o r o u s  adsorben t  at e leva ted  pres-  
sure. T h e  adso rp t ion  o f  n i t rogen ,  m e t h a n e ,  e thane ,  p ro-  
pane ,  and t he i r  m ix tu r e  on zeol i te  N a X  was s tudied at 
278 K in the  pressure  range f rom 0.1 to 0.8 MPa.  

T h e  adso rp t ion  o f  the  individual  c o m p o n e n t s ,  which  
has been  s tud ied  previous ly ,  i - 3  is invest igated in order  
to c o m p a r e  the  adso rp t ion  proper t ies  o f  the  gases. 

N u m e r o u s  da ta  on  the  adsorp t ion  o f  binary mixtures  
o f  hyd roca rbons  on zeol i tes  are avai lable 4-7,  whi le  data  
on  the  adso rp t ion  o f  a f o u r - c o m p o n e n t  gas mix ture  are 

lacking.  

Experimental 

Adsorption of  N 2, CH 4, C2H6, C3H8, and their mixture on 
zeolite NaX containing ~20 % of a binding additive was 
measured by the volumetric method under static conditions on 
the experimental installation shown in Fig. 1. 

The installation was made of  stainless steel, and individual 
vessels were connected by valves B1--B4. An adsorber was 
placed into a cryostat, the temperature was measured by an 
ESP-01 resistance and maintained with an accuracy of +0~05 K, 
and the pressure was measured by an IPDTs measuring com- 
plex (accuracy class 0.1). 

According to the procedure of  volumetric measurements, 
working vessels A and C were calibrated by helium. 

To obtain adsorption data the measured amount of a gas 
(or a gas mixture) was injected into the vessel with the 
adsorbent that has been kept in the cryostat at a specified 
temperature. After establishment of  the equilibrium (p = const, 
C = const), the pressttre, temperature, and composition of the 

equilibrium gas phase (for adsorption of the mixture) were 
measured in the isothermal regime. The value of  adsorption 
(A) was calculated by the formula A = N --  Na, where N is the 
total number of  moles of  gas in the adsorption volume, and N a 
is the number of moles of  gas in the equilibrium gas phase. 
The N and N a values were determined by the equation of  state, 
taking into account the nonideal character of  the gas at 
elevated pressure. The adsorption value (a) per g of adsorbent 
is found from the equation a = A/M, where M is the mass of  
the adsorbent. In the case of  adsorption of  the mixture, the 
composition of the equilibrium gas phase was analyzed chro- 
matographically according to the literature procedure. 8 

The measure of the nonideal character of a gas is the 
compressibility factor determined by the correlation z = pv/RT, 
where p is the pressure, v is the molar volume, T is the 
temperature, and R is the universal gas constant. For nitrogen, 

Fig. 1. Block-scheme of the experimental installation for mea- 
surement of  the adsorption of  gases and gas mixtures at 
elevated pressures: A is adsorber; PI and P2 are manometers 
(IPDTs); C is storage vessel; K is cryostat; R is thermoregula- 
tor; D is cylinder with the initial gas (mixture of  gases); GA is 
gas analyzer; BI- -B4 are valves; and V is vacuum pump. 
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ethane, methane, and propane, the compressibility factor was 
calculated by linear interpolation of the tabulated data. 9 - t l  
Tables of thermodynamic properties of the mixtures studied in 
this work are absent. Therefore, the deviation from the ideal 
state for the mixture studied was performed by the computa- 
tional method. All computational methods are based on the 
law of corresponding states, which is theoretically valid for all 
substances, whose p - - V - - T - p r o p e r t i e s  are described by the 
two-constant van der Waals equation. The behavior of spheri- 
cally symmetrical molecules is well described by the two- 
constant law of corresponding states, and three-parametric 
correlations are used to enhance the accuracy of calculations. 
The Pitzer acentricity factor can be used as the third param- 
eter. Iz The compressibility factor can be presented as the 
following correlation: z = z~°)(x,Tt) + o~z(l)(~,~), where x = 
T/Tcr, rt = P/Pcr, and o~ is the Pitzer acentricity factor of the 
gas considered. 

Additional variables of composition are introduced to propa- 
gate the computational methods of p - - V - - T - p r o p e r t i e s  over 
gas mixtures. We have chosen the following rules of mixing: 

~m = ~ 09j " Yi , 
J 

Tpcr = ~, Tcrj" Yi (Cay rule), 
J 

(Prausnitz--Gunn rule), 
Pocr = ~ y j  . °crJ 

J 

where co m is the acentricity factor of the mixture; Tpc r and Ppcr 
are the pseudocritical temperature and pressure of the gas 
mixture; yy is the molar fraction of the jth component of the 
mixture; o~j, Tcry, Oct j, and zc~ are the acentricity factor, critical 
7, o, and compressibility factor of the jth component, respec- 
tively. Using this procedure, we calculated the compressibility 
factor of the mixture at various pressures within the range from 
0.1 to 0.8 MPa at 278 K, which made it possible to determine 
the partial adsorption of each of the gases under the experi- 
mental conditions. 

Results and Discussion 

I .  Adsorption of individual components. The adsorp-  
tion isotherms of  ni t rogen,  methane ,  e thane,  and pro-  
pane are presented in Fig. 2. As can be seen, the 
adsorbabil i ty  of  hydrocarbons  increases from methane to 
propane.  This is pr imar i ly  caused by lengthening of  the 
hydrocarbon chain ,  which results in a change in the 
state of  molecules.  The pressure dependence  o f  adsorp-  
t ion for all gases is s ignif icant  only at p < 0.3 MPa,  and 
the adsorpt ion  increases insufficiently as the pressure 
increases further. 

2. Adsorption of four-component mixture.  The behav- 
ior of  the c o m p o n e n t  in the adsorpt ion  from the mixture 
cannot  always be predic ted  on the basis o f  its propert ies 
in the individual adsorption.  Therefore, information about 
the behavior  of  componen t s  in the jo in t  adsorpt ion is 
necessary for deve lopment  o f  new methods  for calcu-  
lation o f  parameters  o f  the adsorpt ion equil ibrium of  
mul t i componen t  mixtures.  
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Fig. 2. Adsorption isotherms of propane (1), ethane (2), meth- 
ane (3), and nitrogen (4) on zeolite NaX; 7" = 278 K. 

A mixture of  the following compos i t ion  was used in 
the experiment:  N 2, 41.57 %; CH4, 18.67 %; C2H 6, 
15.89 %; and C3H 8, 23.87 %. The measurements  were 
performed at 278 K with change in pressure from 0.1 to 
0.8 MPa. The dependence  o f  the part ial  adsorpt ion on 
the total pressure is presented in Fig. 3. As can be seen 
from the isotherms, the adsorpt ion o f  each of  the com-  
ponents o f  the mixture not iceably differs from the corre-  
sponding values for the individual adsorption (see Fig. 2). 
Nevertheless, even poorly sorbing components  (N 2, CH 4) 
under  the exper imental  condi t ions  are not comple te ly  
displaced from the adsorpt ion  volume and,  hence,  affect 
the adsorp t ion  abi l i ty  o f  o ther  c ompone n t s  o f  the 
mixture. The composi t ion  o f  the equi l ibr ium gas phase 
depend  s on the to ta l  pressure  and the adsop t ion  
propert ies o f  each o f  the components .  For  example,  
the concen t ra t ion  of  p ropane  in the  gas phase at 
p ___ 0.2 MPa  is low; it mainly contains  nitrogen and 
methane.  The concent ra t ion  of  propane  and ethane in 
the gas phase increases as the adsorpt ion volume is filled 
and the total pressure increases. F rom the pract ical  
viewpoint,  such a behavior  of  the componen t s  upon 
jo int  adsorpt ion can be used for removal or concent ra -  
tion of  propane in complex  gas mixtures. 

As follows from the results obta ined,  p ropane  and 
ethane are the main compet i tors  in the jo in t  adsorpt ion 
in this system, while effects o f N  2 and C H  4 are insignifi- 
cant. 

Taking this into account ,  we presented the real four- 
c o m p o n e n t  mixture  as an a rb i t ra ry  b ina ry  system 
C3Hs--X (here X is the arbi trary second componen t  of  
the C2H 6 + CH 4 + N 2 mixture) and calculated the 
separation coefficient o f  the C3Hs- -X mixture under  the 
experimental  condi t ions.  The dependence  of  the separa-  
tion coefficient on the total pressure is presented in 
Fig. 4. As can be seen, the pressure range from 0 to 
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Fig. 3. Experimental dependences a =t ip)  for propane (a, 1), 
ethane (a, 2), nitrogen (b), and methane (c). 

0.15 MPa is the most favorable for concentrating pro- 
pane in the adsorption volume. Information about the 
adsorption of  binary mixtures of  components  comprising 
the four -component  mixture is necessary for quantita- 
tive determination of  the degree of  mutual effect of  the 
components  in the joint adsorption and for checking the 
possibility of  preliminary calculation o f  the adsorption 
equilibrium of  the four-component  mixture, using meth-  
ods of  a priori calculation of  adsorption equilibria (see, 
e.g., Ref. 13). 
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