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Description of NaX zeolite deformation during adsorption of xenon 
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The equation describing the experimental data of NaX zeolite deformation during 
adsorption of xenon at pressures of 0.001--7 MPa and temperatures of 252--333 K was 
obtained on the basis of the generalized Lennard-Jones pair interaction potential. The 
temperature dependences of the constants in the equation were determined. 
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In s tudies  on gas and vapor  adsorpt ion on  sol id  
adso rben t s ,  a view is adop ted  tha t  the adsorbent  r e m a i n s  
u n c h a n g e d  dur ing  the adso rp t ion  process, t At the s a m e  
t ime,  it is s h o w n  z - 5  that  not  only  d imens ions ,  but  a lso 
the  shape  o f  adsorbents ,  in par t icular ,  crystall ine sol ids,  
are subject  to changes  dur ing  adsorpt ion .  Both c o n t r a c -  
t ion  and  expans ion  of  the sol id  a c c o m p a n y  adso rp t ion .  
These  effects  are especial ly p r o n o u n c e d  for m i c r opo r ous  
l amel l a r  adsorben ts .  6 Wi th  the  ex tens ion  of  the pressure  
and  t e m p e r a t u r e  ranges in the  adsorp t ion  process,  t he  
need  to take into accoun t  the adsorp t ion  d e f o r m a t i o n  
b e c o m e s  increas ingly  i m p o r t a n t ,  because  the va r i a t i ons  
in the a d s o r b e n t  proper t ies  c an  greatly affect the ene rgy  
p a r a m e t e r s  o f  adsorp t ion  in te rac t ion .  

S ince  the  process  o f  adso rp t ion  de fo rma t ion  has  a 
subs tant ia l  effect  on  the t h e r m o d y n a m i c  proper t ies  a n d  
p o r o u s  s t ruc tu re  o f  the adso rben t ,  a cer tain model  a d -  
s o r b a t e - - a d s o r b e n t  system shou ld  be chosen  as c o n v e -  
n ien t  for expe r imen ta l  s tudies  and  calculat ions.  T h e  
a d s o r b e n t  s t ruc tu re  in this sys tem should  be u n d e r s t o o d ,  
a n d  it shou ld  be suscept ible  to isotropic d e f o r m a t i o n ,  
whi le  molecu le s  with  the  s imples t  shape  and  incapab i l i ty  
for  "specific in te rac t ions"  are preferred as adsorbates .  7 
F o r  example ,  the  behav io r  o f  zeoli tes X and A d u r i n g  
adso rp t ion  o f  iner t  gases satisfies these r equ i rement s .  
The  s tudy o f  these systems allows one  to m o n i t o r  the  
in f luence  o f  par t icu lar  c o m p o n e n t s  of  the a d s o r p t i o n  
i n t e r ac t i on  on  d e f o r m a t i o n  o f  the  adsorbent .  T he  pu r -  
pose o f  th is  work is to descr ibe  the de f o r m a t i on  o f  
crys ta l l ine  zeol i te  NaX dur ing  adsorp t ion  of  xenon .  

detector of linear expansion (the relative error of deformation 
measurement was 3-10-6) .  

Adsorption deformation was measured within the pressure 
range from 1 Pa to 7 MPa and temperature range from 252 to 
333 K. The results of dilatometric measurements are presented 
in Fig. I as isotherms of adsorption deformation shown by 
signs. 

Calculation procedure. The description of adsorption de- 
formation based on the principles of phenomenological ther- 
modynamics (see, e.g., Refs., 9 and 10) cannot account for all 
features encountered in deformation of microporous adsorbents 
during adsorption. Since it is difficult to consider all compo- 
nents of adsorption interactions in the adsorbate--adsorbent 
system, studies based on the methods of "numerical experi- 
ment" l l - t 3  treat the solid as an inert carrier of the adsorption 
field. Accordingly, an attempt is made in this work to describe 
adsorption deformation of c~'stalline zeolite NaX during ad- 
sorption of Xe on the basis of the generalized potential of 
molecular interaction, in which both adsorbate--adsorbate and 
adsorbate--adsorbent interactions are taken into account. 1 The 
initial equation for the potential energy of the interaction 
between an adsorbate molecule and the zeolite lattice is based 
on the generalized Lennard-Jones potential of interaction 
between two atoms (6-12) with an additional term associated 
with the induction interaction of the adsorbate with the total 
electrostatic field created by the framework ions. The equation 
reads: 

l 

1 ao (1) [E(r)] 2 '  

E x p e r i m e n t a l  

The experimental results obtained previously for xenon 
adsorption S served as the initial data for calculations of adsorp- 
tion deformation. C~'stalline zeolite NaX pelleted at I kbar 
with the composition 0.98Na20-AI203-2.36SiO2"0.02H20 
and a unit cell parameter of 2.496 nm and xenon (spectral 
purity grade) were used in experiments. Deformation of zeolite 
pellets was measured on a dilatometer with an inductive 

where the first term is associated with the dispersion attraction 
of adsorbate molecules by the sites in the framework, the 
second term is related to the repulsion energy, the third term 
characterizes the energy of interaction of the adsorbate with 
the electric field of the framework ions (in our case, Na+), 
C,_ o and Bi_ a are constants, c~ is polarizability of the adsor- 
bate molecule (in our case, Xe atom), E(r) is the electrostatic 
field strength, and rj (i). r are the radii-vectors that determine 
the position of interacting particles. 
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Fig, I. Calculation of adsorption deformation of the Xe--NaX 
system on the basis of the generalized Lennard-Jones potential 
(6-12): points are experimental data obtained at T/K = 272 (I): 
303 (2); and 333 (3); solid lines are the calculation by Eq, (7). 

II is very difficult to calculate all forces inducing zeolite 
deformation. Therefore, to describe the adsorption deforma- 
tion of zeolite NaX, we used the experimental data and the 
main specific features of the dispersion interaction tbllowed by 
Eq. (1). Since the force of interaction between two particles is 
determined as 

F = - - g  7 , 

after differentiation of Eq. (1), we obtain the expression for the 
average force acting on the zeolite crystal when adsorbed 
molecules are uniformly distributed in its cavities 

,e = - C - / - 7  + B. r -13 - D ' r  -s, (2) 

where C, B, and D are constants, and r is the average distance 
between the nearest atoms involved in the adsorbate--adsor- 
bate and adsorbate--adsorbent interactions when the adsorbed 
molecules are uniformly distributed in the zeolite cavity_ To 
transform the r distance between interacting adsorbed particles 
to the adsorption value, it can be accepted in the first, rather 
rough approximation that r - I / 3ura-a, and hence, 

fl = - C ' a  7/3 + B 'a  13/3 - D ' a  ~/3, (3) 

where a is the adsorption in micropores, and C', B'. and D' 
are constants. 

A further advance to the expression that determines the 
relative adsorption deformation was performed using the de- 
pendence between the internal pressure, deformation, and the 
coefficient of all-round contraction. Since zeolite NaX has a 
cubic symmetry, t4 it can be considered thai adsorption defor- 
mation of its crystals is isotropic. For the region in which the 
Hooke law is fulfilled, we ha~,e 

~/I = n/3k.  (4) 

where ~d/I is the relative linear deformation of zeolite NaX 
during adsorption, 1"1 is the internal pressure that results in 

deformation, and k is the module of all-round contraction. 
Taking into account that 

n = F . s ,  (5) 

where s is the internal surface of pores, which experiences the 
I1 pressure, from Eq. (4) we obtain 

t ~ = 3k/s ' ,~ l / l .  (6) 

Assuming that the internal pore surface and the module of 
all-round contraction are not affected by adsorption and taking 
into account Eq. (3), we find the final expression for the 
relative linear delbrmation of zeolite during xenon adsorption 

,~l/l = - A a  7/3 + Ea 13/3 - Ga 5/3, (7) 

where A, E. and G are constants related to the forces of 
attraction, repulsion, and induction interaction of sorbed xe- 
non molecules with the total electrostatic field, respectively. 

Results  and Discuss ion  

The  results o f  ca l cu la t ion  (solid l ines) of  the adsorp -  
t ion d e f o r m a t i o n  in the  X e - - N a X  system by Eq. (7) are 
presen ted  in Fig. 1. The A, E, attd G cons tan t s  were 
found by the  N e w t o n  m e t h o d  as stable solut ions  o f  
Eq. (7) by a p p r o x i m a t i n g  the exper imen ta l  data.  

As follows f rom Fig. I, the curves  ca lcula ted by 
Eq. (7) co inc ide  well with  the  resul ts  of  exper imen ta l  
m e a s u r e m e n t s  o f  the  adso rp t ion  de fo rma t ion  of  zeol i te  
NaX dur ing  xenon  adsorp t ion .  

To evaluate  w h e t h e r  the  cho ice  o f  the genera l ized  
L e n n a r d - J o n e s  po ten t i a l  (6-12)  as the  initial potent ia l  is 
appropr ia t e ,  we pe r fo rmed  s imilar  ca lcu la t ions  in wh ich  
the  L e n n a r d - J o n e s  po ten t i a l  (3-9)  for c o n t i n u u m  was 
taken as the init ial  potent ia l .  Is T h e  curves  o f  d e f o r m a -  
t ion  i so the rms  ca lcu la ted  f rom the  init ial  potent ia ls  o f  
two types  and  the expe r imen ta l  da ta  at 272 K are pre -  
sented  in Fig. 2. As c o m p a r e d  with the  results of  ca l cu -  
la t ion based  on  the  L e n n a r d - J o n e s  potent ia l  (6-12) ,  t he  
data ob ta ined  on  the  basis of  po ten t ia l  (3-9) devia te  
cons iderab ly  from the  expe r imen ta l  data.  In par t icu lar ,  
the average d ispers ion  for d i f ferent  t empera tu res  in -  
c reased 3 t imes.  

As follows f rom Fig. 2, the  exper imen ta l  data  are 
be t t e r  descr ibed by the  equa t i on  ob ta ined  from the  
genera l ized  L e n n a r d - J o n e s  po ten t ia l  (6-12) for the e n -  
tire d e f o r m a t i o n  i so the rm at 272 K. 

The  numer i ca l  va lues  o f  the  A, E, and  G cons tan t s  in 
Eq. i7) for th ree  t e m p e r a t u r e s  fit the  adsorp t ion  data:  

T/K A- 105 E- 106 G- 106 

272 1.90 0.967 -13.5 
303 1.76 1, l I -9 .7  
333 1.42 t.05 -6 .6  

The  numer i ca l  values o f  the  cons t an t s  cor respond  to the  
a m o u n t s  adsorbed ,  m m o l  g - l .  

The  data  p resen ted  show that  the  values of  all t h ree  
cons t an t s  are t e m p e r a t u r e - d e p e n d e n t .  This  is most  likely 
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Fig. 2.  Calculation of adsorption deformation of the Xe--NaX 
system on the basis of the generalized Lennard-Jones potential 
(6-12) (curve /) and potential (3-9) (curve ~ at 272 K; points 
are experimental data. 

related to the contribution of the kinetic component  of 
the internal energy of the adsorption system. The linear- 
ity of the temperature dependence can be accepted in 
the first approximation for all three constants. Then the 
described method of calculation of the adsorption defor- 
mation can be verified as follows. Using the temperature 
dependences of the A. E, and G constants, we can 
calculate the deformation isotherm at any arbitrary tem- 
perature and then compare the calculated deformation 
isotherm with the experimental curve. The result of this 
verification calculation for the isotherm at 252 K is 
presented in Fig. 3 at A = 2.08- 10-5; E = 9.72" 10-7; 
and G = - 1 . 5 7 -  10 -5 . As follows from Fig. 3, the re- 
sults of calculations agree satisfactorily with the experi- 
mental data. 
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Fig. 3. Calculation of adsorption deformation of the Xe--NaX 
system from the temperature dependences of the A, E, and G 
constants for 252 K; points are experimental data. 

The proposed approach to the use of the generalized 
potential corresponds to real energy processes that in- 
duce the deformation of zeolite NaX during xenon 
adsorption. The A, E, and G constants in Eq. (7) reflect, 
probably, specific forces that are manifested during the 
interaction of adsorbate molecules with the adsorbent. 

Analysis of the results obtained shows that the use of 
the generalized Lennard-Jones potential of pair interac- 
tion (6-12) describes the deforrnation of zeolite NaX 
during xenon adsorption in a wide range of micropore 
filling, The temperature dependence of the constants of 
the equation of adsorption deformation obtained on the 
basis of the generalized potential of  pair interaction is 
most likely due to the contribution of the kinetic com- 
ponent of the internal energy of the adsorbate--adsor- 
bent system. 
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