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Correlation between initial heats of adsorption and 
structural parameters of molecular sieves with 
different chemical composition -a calorimetric 
study 
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C e n t r a l  I n s t i t u t e  of  P h y s i c a l  Chemis t ry ,  B e r l i n ,  FRG 

Abstract - C a l o r i m e t r i c  measurements  of  t h e  d i f f e r e n t i a l  
molar  a d s o r p t i o n  h e a t  of  n o n p o l a r  m o l e c u l e s  o n t o  molecu- 
l a r  s i e v e s  r e v e a l  t h a t  t h e  i n i t i a l  a d s o r p t i o n  h e a t s  
- i n c r e a s e  l i n e a r l y  w i t h  t h e  molar  a luminium f r a c t i o n  of  

t h e  a d s o r b e n t s ,  which have t h e  same c r y s t a l  s t r u c t u r e  
b u t  d i f f e r e n t  chemical compos i t ion  and a l s o  

- i n c r e a s e  w i t h  t h e  framework d e n s i t y  of  t h e  a d s o r b e n t s ,  
which have t h e  same chemica l  compos i t ion  b u t  d i f f e r e n t  
c r y s t a l  s t r u o t u r e .  

INTRODUCTION 

Adsorp t ion  phenomena are of  h i g h  s c i e n t i f i c  i n t e r e s t  and wide ly  used  
i n  p r a c t i c a l  a p p l i c a t i o n .  N e v e r t h e l e s s ,  up t o  d a t e  i t  is  n o t  p o s s i b l e  
t o  c a l c u l a t e  t h e  a d s o r p t i o n  e q u i l i b r i u m  i n  advance  due  t o  t h e  f a c t  
t h a t  i t  depends  on many parameters ( b e s i d e  p r e s s u r e  and t e m p e r a t u r e  
on t h e  c r y s t a l  s t r u c t u r e ,  t h e  c h e m i c a l  c o m p o s i t i o n ,  t h e  n a t u r e  and 
number of  c a t i o n s ,  e t  a l . ) .  E x p e r i m e n t a l  i n v e s t i g a t i o n s  of  t h e  a d s o r p -  
t i o n  e q u i l i b r i u m  are t ime-consuming and e x p e n s i v e .  T h e r e f o r e ,  attemps 
were made t o  minimize  t h e  n e c e s s a r y  e x p e r i m e n t a l  e f f o r t .  We showed 
t h a t  a reduced  i s o t h e r m  e q u a t i o n  ( r e f .  1) d e s c r i b e s  a whole f a m i l y  of  
i s o t h e r m s  and t h a t  i t  is p o s s i b l e  t o  c a l c u l a t e  f u r t h e r  i s o t h e r m s  
knowing t h e  i n i t i a l  h e a t  of  a d s o r p t i o n  and one  measured i s o t h e r m .  The 
e s t i m a t i o n  of  t h e  z e r o  a d s o r p t i o n  h e a t  is  a n e c e s s a r y  c o n d i t i o n  t o  
app ly  t h e  reduced  i s o t h e r m  e q u a t i o n .  

C o r r e l a t i o n s  between i n i t i a l  h e a t s  of  a d s o r p t i o n  and s t r u c t u r a l  para- 
meters of m o l e c u l a r  s i e v e s  were a l r e a d y  p r e s e n t e d  i n  ( r e f s .  2 ,  3 ) .  
The i n v e s t i g a t i o n s  c o n f i n e d  t o  n o n p o l a r  m o l e c u l e s  i n  o r d e r  t o  i n c l u d e  
o n l y  d i s p e r s i o n  i n t e r a c t i o n  between t h e  m o l e c u l a r  s i e v e s  and t h e  ad- 
s o r b a t e s .  Two d i f f e r e n t  se r ies  o f  m o l e c u l a r  s i e v e s  were s t u d i e d  by  
u s i n g  a lways  t h e  same a d s o r b a t e s :  
- z e o l i t e s  w i t h  t h e  same p o r e  d i a m e t e r  (PD) b u t  d i f f e r e n t  S i / A l - r a t i o s  

t h u s  a l l o w i n g  t o  d e r i v e  empir ical  r e l a t i o n s  Qo = f ( S i / A l ) p D  
- m o l e c u l a r '  s i e v e s  w i t h  t h e  same c h e m i c a l  compos i t ion  b u t  d i f f e r e n t  

p o r e  d i a m e t e r s  t h u s  a l l o w i n g  t o  d e r i v e  empirical  r e l a t i o n s  Q, = 

and 

U 

f ( P D ) s i / A l .  
n - P a r a f f i n s  were p r e f e r e n t i a l l y  used  as a d s o r b a t e s  and i n  some c a s e s  
c y c l o a l k a n e s  and benzene .  

I n  t h i s  p a p e r  t h e  r e s u l t s  of  t h e  c o n t i n u a t i o n  of  t h e  ment ioned  s t u d i e s  
are p r e s e n t e d  i n c l u d i n g  n o t  o n l y  a l u m i n o s i l i c a t e s  b u t  a l s o  a lumino-  
p h o s p h a t e s .  

a :  P r e s e n t  a d d r e s s :  A d l e r s h o f e r  Umwel tschutz technik-  und For schungs -  
g e s e l l s c h a f t  mbH, Rudower Chaussee  5 ,  0-1199 B e r l i n ,  FRG 
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EXPERIMENTAL 
The d i f f e r e n t i a l  molar  h e a t s  of  a d s o r p t i o n  were measured u s i n g  a 
C a l v e t - t y p e  m i c r o c a l o r i m e t e r  (Se ta ram)  a t  a t e m p e r a t u r e  of  303 K. Ad- 
s o r p t i o n  i s o t h e r m s  were de te rmined  s i m u l t a n e o u s l y  a t  t h e  same tempera- 
t u r e  u s i n g  a s t a n d a r d  v o l u m e t r i c  a d s o r p t i o n  a p p a r a t u s  which was con- 
n e c t e d  t o  t h e  c a l o r i m e t r i c  equipment .  More e x p e r i m e n t a l  d e t a i l s  a re  
g i v e n  i n  ( r e f .  4 ) .  The i s o s t e r i c  h e a t s  of  a d s o r p t i o n  were c a l c u l a t e d  
from i s o s t e r i c  measurements .  T h i s  method is d e s c r i b e d  i n  ( r e f .  5 ) .  

P r i o r  t o  b o t h  t y p e s  of  a d s o r p t i o n  measurements ,  t h e  a d s o r b e n t s  were 
a c t i v a t e d  i n  vacuum (P < 1 mPa) a t  670 K f o r  24h. I n  t h e  case o f  VPI-5 
t h e  a d s o r b e n t  was e v a c u a t e d  ( o v e r n i g h t )  a t  room t e m p e r a t u r e  b e f o r e  t h e  
a c t i v a t i o n  s t a r t e d  w i t h  a low i n c r e a s e  of  t e m p e r a t u r e  up t o  670 K 
( 1 2 h ) .  

The AlP04-5 ( r e f .  6 )  and A1P04-ll ( r e f .  7 )  samples were s y n t h e s i z e d  
f o l l o w i n g  t h e  p r o c e d u r e  g i v e n  by F l a n i g e n  and coworkers  ( r e f .  8 ) .  
VPI-5 was p r e p a r e d  a c c o r d i n g  t o  a new way ( r e f .  9) and was c h a r a c t e r i -  
zed u s i n g  d i f f e r e n t  phys ico-chemica l  method ( r e f .  10). The s i l i c a  f a u -  
j a s i t e  (US-Ex) and s i l i c a  morden i t e  were p r e p a r e d  by t h e r m o c h e n i c a l  
d e a l u m i n a t i o n  methods ( r e f s .  11, 1 2 ) .  F i n a l l y ,  t h e  s i l i c a  ZSM-5 ( s i l i -  
c a l i t e )  was s y n t h e s i z e d  a c c o r d i n g  t o  ( r e f .  13) .  Some c h a r a c t e r i s t i c  
d a t a  of t h e s e  molecu la r  s i e v e s  are l i s t e d  i n  T a b l e  1. 

TABLE 1. C h a r a c t e r i s t i c  d a t a  of t h e  samples. 

Sample Framework P o r e  d i a -  P o r e  Oxygen- Network dimen- 
d e n s i t y  (FD) meter (PD) volume r ings  s i o n a l i t y  

T/nm3 nm cm3/g 

US -EX 13 .57  1 . 1 6  0 .300  12  I11 
MO R 1 7 . 1 5  0 . 7  x 0 . 6 5  0 . 2 0  12  I 
MFI 18 .00  0 . 5 3  x 0 .56  0 .19  10 I11 

MEL 17 .78  0 . 5 3  x 0 .54  0 . 1 6  10  I11 
0 . 5 1  x 0 . 5 5  

AlP.04-11 19 .1  0 . 6 3  x 0 . 3 9  0 .073  10  I 
A 1 PO4 - 5' 17 .32  0 . 7 3  0 .120  12  I 
VPI-5 1 4 . 2  1 . 2 1  0 . 1 8 3  18 I 

RESULTS AND DISCUSSION 

Though t h e  measurements  i n c l u d e d  b o t h  t h e  n - p a r a f f i n s  up  t o  n-hexane 
and benzene ,  t h e  p r e s e n t e d  resu l t s  c o n c e n t r a t e  i n i t i a l l y  on small  
molecu le s ,  e s p e c i a l l y  on e t h a n e .  F i g u r e  1 and 2 show t h e  a d s o r p t i o n  
i s o s t e r e s  of  e t h a n e  and n-hexane on t h e  s i l i c a  m o r d e n i t e ,  r e s p e c t i v e l y ,  
The numbers a t  t h e  i s o s t e r e s  i n d i c a t e  t o  t h e  adso rbed  amount (expres- 
s e d  i n  mmol/g). A s  i l l u s t r a t e d  i n  F i g .  2 t h e  i s o s t e r e s  of  n-hexane 
e x h i b i t  S O ~ S  d e v i a t i o n s  from t h e  s t r a i g h t  l i n e  ( a t  a h i g h e r  d e g r e e  of  
adsorbed  amount) .  For  t h e  c a l c u l a t i o n s  of t h e  a d s o r p t i o n  h e a t  o n l y  t h e  
upper  p a r t  of  t h e  n-hexane i s o s t e r e s  was u s e d .  (Reasons  f o r  curved  
i s o s t e r e s  are g i v e n  i n  ( r e f s .  1 4 , 1 5 )  and w i l l  n o t  be  d i s c u s s e d  h e r e ) .  
From F i g .  3 it  is s e e n  t h a t  t h e  r e l a t i o n s h i p  between t h e  d i f f e r e n t i a l  
molar  h e a t s  of  e t h a n e  on t h e  t h ree  dea lumina ted  m o r d e n i t e s  and t h e  ad-  
so rbed  amount is l i n e a r .  The d o t t e d  h o r i z o n t a l  l i n e  is t h e  h e a t  o f  
v a p o r i z a t i o n  a t  303 K .  The i n i t i a l  h e a t  of  a d s o r p t i o n  is d e t e r m i n e d  by 
e x t r a p o l a t i o n  of t h e  s t r a i g h t  l i n e s  t o  t h e  o r d i n a t e  a x i s .  Obv ious ly ,  
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F i g .  1. I s o s t e r e s  of  e t h a n e  on 
H - m o r d e n i t e .  
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F i g .  2 .  I s o s t e r e s  of  n-hexane  
on H-mordeni te .  

Fig. 3 .  D i f f e r e n t i a l  m o l a r  a d s o r p -  F i g .  4 .  D i f f e r e n t i a l  m o l a r  a d s o r p -  
t i o n  h e a t s  on H - m o r d e n i t e s .  t i o n  e n t r o p i e s  on H - m o r d e n i t e s .  

t h e  a d s o r p t i o n  h e a t  o f  e t h a n e  on t h e  d i f f e r e n t  m o r d e n i t e s  i n c r e a s e s  
w i t h  d e c r e a s i n g  Si /A1 r a t i o ,  i . e .  w i t h  i n c r e a s i n g  a l u m i n i u m  c o n t e n t  of  
t h e  f ramework .  

As was p r e v i o u s l y  shown f o r  o t h e r  s y s t e m s ,  t h e  d i f f e r e n t i a l  m o l a r  ad-  
s o r p t i o n  e n t r o p i e s  o f  e t h a n e  a l s o  d o  n o t  d e p e n d  on t h e  e l e c t r o s - t a t i c  
f i e l d  of  t h e  m o r d e n i t e  p o r e s  ( F i g .  4 ) .  F i g u r e s  3 and 4 i l l u s t r a t e  t h a t  
t h e  h e a t  of  a d s o r p t i o n  of  n o n p o l a r  m o l e c u l e s  on z e o l i t e s  w i t h  t h e  same 
p o r e  d i a m e t e r  b u t  d i f f e r e n t  c h e m i c a l  c o m p o s i t i o n  i s  p r e f e r e n t i a l l y  
a f f e c t e d  b y  t h e  e l e c t r o s t a t i c  p o t e n t i a l  o f  t h e  a d s o r b e n t  w h e r e a s  t h e  
a d s o r p t i o n  e n t r o p y  is n o t  a f f e c t e d .  
I n  o r d e r  t o  compare t h e  i n i t i a l  a d s o r p t i o n  h e a t  o f  e t h a n e  on z e o l i t e s  
w i t h  d i f f e r e n t  c h e m i c a l  c o m p o s i t i o n  and  d i f f e r e n t  p o r e  d i a m e t e r  t h e s e  
v a l u e s  a re  p l o t t e d  as a f u n c t i o n  of  t h e  m o l a r  a l u m i n i u m  r a t i o  ( m )  of  
t h e  m o l e c u l a r  s i eves  i n v e s t i g a t e d  ( F i g .  5 ) .  The f o l l o w i n g  l i n e a r  e q u a -  
t i o n s  d e s c r i b e  t h e  i n f l u e n c e  of  m on t h e  z e r o  a d s o r p t i o n  h e a t s :  

Qo = 2 1 . 2  t 1 6 . 7 5  m FAU (1) 
Qo = 2 2 . 7  + 2 6 . 1 8  m MOR ( 2 )  
Qo = 2 9 . 0  + 2 1 2 . 5 0  m MFI ( 3 )  
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A t  t h e  same m o l a r  a l u m i n i u m  r a t i o  t h e  i n i t i a l  a d s o r p t i o n  h e a t s  o f  
e t h a n e  are  c h a n g e d  e x p o n e n t i a l l y  w i t h  t h e  d e c r e a s e  o f  t h e  p o r e  d i a -  
meter o f  t h e  a d s o r b e n t s .  T h i s  is i n  a g r e e m e n t  w i t h  o u r  r e s u l t s  pub-  
l i s h e d  some years  a g o  c o n c e r n i n g  t h e  a d s o r p t i o n  o f  n - p a r a f f i n s  on si- 
l i c a  f a u j a s i t e ,  s i l i c a l i t e ,  a e r o s i l  and s i l i c a g e l s  ( r e f .  2 ) .  We c a n  
d e r i v e  f rom F i g .  5 t h a t  t h i s  r e l a t i o n s h i p  is n o t  o n l y  v a l i d  f o r  S iOz-  
a d s o r b e n t s  b u t  f o r  a l u m o s i l i c a t e s ,  t o o .  

I [ I  I I I I 

I 
I 

I 
I 
I 

20 18 16 14 12 10 - FO/T/nm3 

F i g .  5 .  Dependence  o f  i n i t i a l  ad -  F i g .  6 .  Dependence  o f  i n i t i a l  
s o r p t i o n  h e a t s  on t h e  a lumin ium a d s o r p t i o n  h e a t s  on t h e  
m o l a r  f r a c t i o n .  f r amework  d e n s i t y  ( F D ) .  

The d a t a  g i v e n  i n  T a b l e  1 d e m o n s t r a t e  t h a t  t h e  f r amework  d e n s i t y  (FD) 
c h a n g e s  i n v e r s e l y  w i t h  t h e  p o r e  d i a m e t e r  o f  t h e  a l u m o s i l i c a t e s  and 
- p h o s p h a t e s  i n v e s t i g a t e d .  I n  t h e  case o f  i n c r e a s i n g  F D - v a l u e s  h i g h e r  
i n i t i a l  h e a t s  o f  e t h a n e  c a n  b e  e x p e c t e d .  I n  f a c t ,  t h e  v a l u e s  i n  F i g .  6 
c o n f i r m  t h i s  a s s u m p t i o n .  The c o r r e l a t i o n s  b e t w e e n  t h e  i n i t i a l  h e a t s  o f  
e t h a n e  a d s o r p t i o n  on t h e  c h e m i c a l  c o m p o s i t i o n  and t h e  f r amework  
d e n s i t y  ( o r  t h e  p o r e  d i a m e t e r )  e x i s t  f o r  t h e  o t h e r  n - p a r a f f i n s  and 
f u r t h e r  n o n p o l a r  m o l e c u l e s ,  t o o .  
The f o l l o w i n g  F i g .  7 p r e s e n t s  t h e  c a l o r i m e t r i c a l l y  m e a s u r e d  d i f f e r -  
e n t i a l  m o l a r  a d s o r p t i o n  h e a t s  of  e t h a n e ,  n - b u t a n e ,  n - p e n t a n e  and  n- 
hexane  on A 1 P 0 4 - l l .  The z e r o - c o v e r a g e  h e a t  (Q,) i n c r e a s e s  s t e p  by  s t e p  
w i t h  i n c r e a s i n g  number o f  CHZ-groups o f  t h e  m o l e c u l e s  ( T a b l e  2 ) .  

Elhone 303K I 
A n-tlexone 

a 

-- 0 1 2 3 4 
o/nllnol CtI2lY 

F i g .  7 .  D i f f e r e n t i a l  m o l a r  a d s o r p -  
t i o n  h e a t s  o f  n - p a r a f f i n s  on 
AlP04-11.  

0 2 ~ 6 8 1 0  
" c  

a d s o r p t i o n  h e a t s  o f  n - p a r a f f i n s  
on n c .  

F i g .  8 .  Dependence  o f  i n i t i a l  
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TABLE 2 .  I n i t i a l  h e a t s  o f . a d s o r p t i o n  
of nonpo la r  molecu le s  on molecu la r  
s i eves  i n v e s t i g a t e d .  

TABLE 3 .  I n c r e m e n t a l  v a l u e s  
of  a d s o r p t i o n  h e a t s  f o r  
CH3- and CH2- g r o u p s  o f  n- 
p a r a f f i n s .  

VPI-5 1 9 . 0  2 8 . 0  3 5 . 0  4 2 . 5  40,O 
AFI 2 3 . 9  4 0 . 6  4 9 . 0  5 9 . 0  5 4 . 4  
AEL 3 3 . 0  5 3 . 0  6 4 . 0  7 4 . 5  5 8 . 5  
FAU 2 0 . 9  3 4 . 3  4 1 . 0  4 7 . 3  4 5 . 0  
MFI 2 9 . 0  5 1 . 0  6 3 . 5  7 0 . 3  5 7 . 8  

VPI-5 9 . 5 0  5 . 8 1  
AF I 1 1 . 9 5  8.69 
AEL 1 6 . 5 0  1 0 . 7 9  
FAU 1 0 . 4 5  6 . 0 9  
MOR 1 1 . 2 5  9 . 1 2  I MFI 1 6 . 0  9 . 8 1  

Using t h e  i n i t i a l  a d s o r p t i o n  h e a t s  (o f  T a b l e  2 )  it is p o s s i b l e  t o  
d e r i v e  increment values f o r  t h e  n - p a r a f f i n s  adso rbed  on t h e  d i f f e r e n t  
mo lecu la r  s ieves .  These  d a t a  a r e  l i s t e d  i n  t h e  colums 2 and 3 of  T a b l e  
3 .  I t  is i m p o r t a n t  t o  n o t e  t h a t  a l l  molecu la r  s i eves  p r e s e n t e d  are 
e l e c t r i c a l  n e u t r a l ,  i . e .  t h e  z e o l i t e s  are d e a l u m i n a t e d  t o  a h i g h  
d e g r e e  t h u s  p o s s e s s i n g  large Si/A1 r a t i o .  Applying t h e  g i v e n  v a l u e s  a 
c a l c u l a t i o n  of  t h e  i n i t i a l  h e a t s  of  adsorp t ' ion  is p o s s i b l e  f o r  a l l  n- 
p a r a f f i n s  ( a t  l e a s t  up t o  n-decane)  on t h e  s t u d i e d  m o l e c u l a r  s i e v e s .  
This i m p l i e s  t h a t  t h e  c o r r e l a t i o n  between t h e  i n i t i a l  h e a t s  of  adso rp -  
t i o n  and t h e  C-numbers of t h e  n - p a r a f f i n s  is l i n e a r .  F o r  t h e  z e o l i t e s  
and t h e  a luminophospha te s  F i g s .  8 and 9 show t h a t  t h i s  a s s u m p t i o n - i s  
c o r r e c t .  As may be seen from t h e  f igures  t h e  z e r o  a d s o r p t i o n  h e a t s  a re  

oUS-Ex 1.2 

I I I I I 

o 2 1, 6 8 10 
"C 

. F i g .  9 .  Dependence of  i n i t i a l  ad- F i g .  1 0 .  Dependence of i n i t i a l  
s o r p t i o n  h e a t s  on n c .  a d s o r p t i o n  h e a t s  on nc .  

d e s c r i b e d  by s t r a i g h t  l i n e s  i n t e r s e c t i n g  a t  t h e  same v a l u e  on t h e  o r -  
d i n a t e  ax i s .  The c o r r e s p o n d i n g  e q u a t i o n s  are:  

Qo = 8 . 0  t 8 . 4  nc NaX ( 4 )  Qo = . 8 . 0  t 1 0 . 4  nc S i l i c a l i t e  ( 7 )  
Qo = 8 . 0  t 7 . 3  nc N a Y  ( 5 )  Qo = 8 . 0  + 4 . 7  nc S i l i c a g e l  (8) 
Qo = 8 . 0  t 6 . 0  nc Us-Ex ( 6 )  (some d a t a  are given i n  ( r e f .  1 6 ) )  

R e c e n t l y  Derouane e t  a l . ( r e f s .  1 7 , 1 8 , 1 9 )  d e r i v e d  a s imple  e q u a t i o n  t o  
c a l c u l a t e  t h e  i n i t i a l  a d s o r p t i o n  h e a t  i n  advance :  

Qo = RT t C; C, * Wr(s> ( 9 )  
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. Z e o l i t e  molecu le  Qoexp* Qoca lc  * 
kJ/mol 

where C, - c o n s t a n t ,  depends  o n l y  on t h e  p h y s i c a l  p r o p e r t i e s  of  t h e  
a d s o r b a t e  ( C m  = (0(/d3)); Cz - c o n s t a n t ,  depends  o n l y  on t h e  p r o p e r t i e s  
of t h e  m o l e c u l a r  s i e v e  and h a s  been e s t i m a t e d  by an i t e r a t i o n  p r o c e -  
d u r e  u s i n g  e x p e r i m e n t a l l y  d e t e r m i n e d  z e r o  a d s o r p t i o n  h e a t s  of  n o b e l  
gases;  Wr(5) - r e p r e s e n t s  t h e  e x t r i n s i c  e f f e c t  o f  g e o m e t r i c a l  s u r f a c e  
c u r v a t u r e ,  depends  on t h e  d i a m e t e r  of  t h e  a d s o r b a t e  and a d s o r b e n t .  
Derouane c l a imed  ( r e f .  1 8 )  t h a t  t h e  e q u a t i o n  is v a l i d  f o r  t h e  p h y s i c a l  
a d s o r p t i o n  of  small n o n p o l a r  m o l e c u l e s  and t h a t  t h e  c o n s t a n t  C z  is  
112 .75  f o r  a l l  a l u m i n o s i l i c a t e s  and 9 8 . 9  f o r  a l l  ( s i 1 i c o ) - a l u m i n o p h o s -  
p h a t e s .  He s t a t e s  f u r t h e r m o r e  t h a t  t h e  c h e m i c a l  compos i t ion  is  of 
minor  i n f l u e n c e ,  meaning t h a t  t h e  r e s u l t s  change  o n l y  by a f a c t o r  of  
a b o u t  0 . 1  ( r e f .  2 0 ) .  E q u a t i o n  9 i s  i n t e r e s t i n g  b e c a u s e  i t  d e m o n s t r a t e s  
e v i d e n t l y  t h e  dominant  i n f l u e n c e  of  t h e  r a t i o  of  t h e  c r i t i c a l  a d s o r -  
b a t e  d i a m e t e r  and t h e  p o r e  d i a m e t e r  on t h e  a d s o r p t i o n  h e a t .  We t e s t e d  
t h e  v a l i d i t y  of t h e s e  e q u a t i o n  by u s i n g  o u r  e x p e r i m e n t a l  d a t a  of small 
n o n p o l a r  m o l e c u l e s .  Some r e s u l t s  are p r e s e n t e d  i n  T-ables  4 and 5 .  

Z e o l i t e  molecu le  c Z c a l c *  cZa 

TABLE 4 .  Comparison between experi-  
m e n t a l  and c a l c u l a t e d  i n i t i a l  ad-  
s o r p t i o n  h e a t s  of  n o n p o l a r  mole- 
c u l e s  on d i f f e r e n t  z e o l i t e s .  

TABLE 5 .  Comparison between C, 
data  g i v e n  i n  ( r e f .  20)  and ca l -  
c u l a t e d  v a l u e s  u s i n g  e q u a t i o n s  
p r e s e n t e d  t h e r e i n .  

N aX E thane  2 8 . 5  2 2 . 8  
US-Ex E thane  2 1 . 3  2 2 . 8  
Na-ZSM-5 E thane  3 7 . 5  3 0 . 5  
H-MOR E thane  2 7 . 0  3 4 . 6  
NaY Xenon 1 6 . 3  23 .7  
Na-ZSM-5 Xenon 2 7 . 8  3 0 . 8  

N aX E thane  144 .6  1 1 2 . 7 5  
US-Ex E thane  1 0 5 . 1  112 .75  
Na-ZSM-5 E t h a n e  1 4 0 . 9  112 .75  
H-MOR Ethane  85 .9  112 .75  
N aY Xenon 7 3 . 3  1 1 2 . 7 5  
Na-ZSM-5 Xenon 1 0 0 . 7  112 .75  

I a :  g i v e n  i n  ( r e f .  20 )  

From t h e  t a b l e s  t h e  f o l l o w i n g  c o n c l u s i o n s  can  be  drawn:  
- C z  is n o t  a c o n s t a n t  whether  f o r  a l l  a l u m i n o s i l i c a t e s  n o r  f o r  a l l  

a luminophospha te s .  (The d a t a  f o r  t h e  a luminophopha te s  are n o t  g i v e n  
h e r e ) .  

- C, depends  on t h e  c h e m i c a l  compos i t ion  of  t h e  z e o l i t e s  t o  a s t r o n g e r  
e x t e n t  t h a n  s t a t e d  by  Derouane ( r e f .  2 0 ) .  

N e v e r t h e l e s s ,  f o r  d i f f e r e n t  m o l e c u l e s  on t h e  same type  of  m o l e c u l a r  
s i e v e s  t h e  e q u a t i o n  10 seems t o  be  u s e f u l .  

About twen ty  y e a r s  ago  i t  was shown ( i n  r e f .  21)  t h a t  between t h e  
d i s p e r s i o n  i n t e r a c t i o n  of  one i s o l a t e d  g a s  molecu le  w i t h  an a d s o r b e n t  
and t h e  c r i t i c a l  p a r a m e t e r s  of  t h e  gas (T,, p,) e x i s t s  a v e r y  s imple  
c o r r e l a t i o n :  

- A V O  = D Tc/pc 1 /2  

where p r o p o r t i o n a l i t y  
f a c t o r .  Fu r the rmore  it was d e m o n s t r a t e d  i n  t h e  same p a p e r  t h a t  t h e  
e q u a t i o n  10 is v a l i d  i n  t h e  case of  a d s o r p t i o n  of  g a s e s  and v a p o u r s  on 
t h e  e n e r g e t i c a l  homogeneous g r a p h i t i z e d  t h e r m a l  s o o t  (GTS). Due t o  t h e  
f a c t  t h a t  t h e  z e o l i t e s  a re  i n  compar ison  t o  GTS more complex w i t h  
r e g a r d  t o  t h e  g e o m e t r i c a l  and chemical p r o p e r t i e s  i t  was e x p e c t e d  t h a t  
t h e  p r e s e n t e d  e q u a t i o n  s h o u l d  be  ?va l id  e s p e c i a l l y  f o r  t h e  ene rge t i ca l  
homogeneous z e o l i t e s ,  i . e .  f o r  s amples  w i t h o u t  an e l e c t r o s t a t i c  f i e l d  
i n  t h e  p o r e s  and c a v i t i e s .  Tha t  was indeed  what we found f o r  t h e .  ad-  

- A o o  - a d s o r p t i o n  e n e r g y  f o r  a --t 0 and D - 
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F i g .  11. Dependence of  i n i t i a l  F i g .  1 2 .  Dependence of  i n i t i a l  
a d s o r p t i o n  h e a t s  on c r i t i c a l  a d s o r p t i o n  h e a t s  on c r i t i c a l  
parameters. p a r a m e t e r s .  

s o r p t i o n  of  n o n s p e c i f i c  and s p e c i f i c  a d s o r b a t e s  ( r e f .  2 2 )  on s i l i c a -  
l i t e  and o n l y  n o n s p e c i f i c  m o l e c u l e s  on a d e a l u m i n a t e d  Y - z e o l i t e  ( r e f .  
2 2 ) .  The d i f f e r e n c e  i n  t h e  b e h a v i o u r  be tween b o t h  m i c r o p o r o u s  S i 0 2 - a d -  
s o r b e n t s  was e x p l a i n e d  b y  t h e  r e l a t i v e  large amount o f  a l u m i n i u m  i n  
t h e  framework of  US-Ex and a c o r r e s p o n d i n g  number o f  B r o n s t e d  s i t e s  
a c t i n g  as c e n t e r  o f  a d s o r p t i o n  and r e a c t i o n  f o r  s p e c i f i c  m o l e c u l e s .  

The a l u m i n o p h o s p h a t e s  s h o u l d  b e h a v e  s imi l a r ly  l i k e  s i l i c a l i t e  con-  
c e r n i n g  t h e  e n e r g e t i c a l  homogeni ty  of  t h e  p o r e  systems.  I t  seemed 
t h e r e f o r e  t o  b e  o f  i n t e r e s t  t o  examine  w h e t h e r  e q u a t i o n  10 d e s c r i b e s  
t h e  d e p e n d e n c e  of  t h e  i n i t i a l  a d s o r p t i o n  h e a t  o f  n o n p o l a r  m o l e c u l e s  i n  
t h e  a l u m i n o p h o s p h a t e s  on t h e i r  c r i t i c a l  p a r a m e t e r s ,  t o o .  I n  F i g .  1 2  
t h e  z e r o  a d s o r p t i o n  h e a t s  o f  t h e  n - p a r a f f i n s  on t h e  t h r e e  a l u m i n o p h o s -  
p h a t e  s a m p l e s  a r e  shown.  A s  i l l u s t r a t e d  t h e  z e r o  h e a t s  o f  a d s o r p t i o n  
d e p e n d  l i n e a r l y  on t h e  c r i t i c a l  parameters. 
F igure  11 shows t h a t  t h e  i n i t i a l  a d s o r p t i o n  h e a t s  of t h e  n - p a r a f f i n s  
c a n  b e  d e s c r i b e d  b y  e q u a t i o n  1 0  i n  t h e  c a s e  of  t h e  c a t i o n a t e d  NaX as 
wel l  as  i n  t h e  c a s e  of  s i l i c a g e l .  
T h e r e f o r e ,  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  e v a l u a t i o n  o f  t h e  z e r o  a d s o r p -  
t i o n  h e a t s  o f  n o n p o l a r  m o l e c u l e s  ( a t  l e a s t  of  n - p a r a f f i n s )  is  s i m p l e  
i f  t h e  p r o p o r t i o n a l i t y  f a c t o r  is known. 

TABLE 6 D va lues  of  t h e  s y s t e m s  s t u d i e d .  

Sample D ( k J / m o l )  FD (T/nm3) Sample D ( k J / m o l )  FD (T/nm3) 

N aX 202 1 2 . 7  AlP04-11 24 1 1 9 . 1  
US-EX 157 1 3 . 6  AlP04-5  1 8 5  1 7 . 3  
MFI 236 1 8 . 0  VPI-5 134 1 4 . 2  
S i l i c a g e l  127  - 
T a b l e  6 lists D v a l u e s  f o r  t h e  n - p a r a f f i n  a d s o r p t i o n  on t h e  a d s o r -  
b e n t s  s t u d i e d .  Comparing t h e  D number w i t h  t h e  f ramework  d e n s i t y  i t  is  
s e e n  t h a t  t h e  p r o p o r t i o n a l i t y  f a c t o r s  i n c r e a s e  w i t h  t h e  c o m p a c t n e s s  of  
t h e  c r y s t a l  s t r u c t u r e .  If t h e  D v a l u e s  are p l o t t e d  a g a i n s t  t h e  FD 
v a l u e s  t h e  c o r r e s p o n d i n g  p o i n t s  d o  n o t  arrange a r o u n d  o n e  s t r a i g h t  
l i n e  b u t  a l o n g  two l i n e s  w i t h  t h e  same s l o p e .  M o l e c u l a r  s i eves  w i t h  a 
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o n e d i m e n s i o n a l  n e t w o r k  of  p o r e s  can b e  d e s c r i b e d  b y  o n e  c u r v e  and 
molecular s i e v e s  w i t h  a t h r e e d i m e n s i o n a l  n e t w o r k  b y  t h e  s e c o n d  o n e .  I t  
c a n  t h e r e f o r e  b e  c o n c l u d e d  t h a t  t h e  D v a l u e s  a re  d e t e r m i n e d  b y  t h e  
t y p e  of  t h e  p o r e  n e t w o r k  b e s i d e  t h e  f ramework  d e n s i t y  ( o r  t h e  r e c i p r o -  
c a l  p o r e  d i a m e t e r ) .  
The c a l o r i m e t r i c  m e a s u r e m e n t s  of  t h e  a d s o r p t i o n  h e a t s  of n o n p o l a r  
m o l e c u l e s  on a l u m i n o s i l i c a t e s  and - p h o s p h a t e s  a l l o w  t h e  f o l l o w i n g  con-  
c l u s i o n s :  
The i n i t i a l  a d s o r p t i o n  h e a t s  of n - p a r a f f i n s  i n c r e a s e  l i n e a r l y  w i t h  t h e  
m o l a r  a luminium f r a c t i o n  o f  t h e  g i v e n  z e o l i t e  t y p e .  The s l o p e s  of  t h e  
s t r a i g h t  l i n e s  depend on t h e  f ramework  d e n s i t y  o f  t h e  m o l e c u l a r  s i e v e s .  
F o r  n e u t r a l  a d s o r b e n t s  ( S i 0 2  o r  AlP04)  t h e  i n i t i a l  a d s o r p t i o n  h e a t s  of  
n o n p o l a r  m o l e c u l e s  i n c r e a s e  w i t h  i n c r e a s i n g  d e n s i t y  of  t h e  T - a t o m s .  
The h e a t s  a r r a n g e  a r o u n d  o n e  c u r v e  i n d e p e n d e n t  on t h e  m o l e c u l a r  s i e v e  
t y p e .  The e x a m i n a t i o n  o f  t w o  e q u a t i o n s  g i v e n  i n  t h e  l i t e r a t u r e  shows 
t h a t  i n  b o t h  cases  e x p e r i m e n t a l  values  a re  n e c e s s a r y  t o  c a l c u l a t e  t h e  
i n i t i a l  h e a t s  of  a d s o r p t i o n  of  n o n p o l a r  m o l e c u l e s  i n  a d v a n c e .  
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