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Abstract - Crystal structure of a faujasite dealuminated 
hydrothermally to different degrees has been studied by 
means of the FT-SR spectroscopy. It has been found that in 
early stages of dealumination, a partial hydrolysis of the 
framework aluminium occurs, which causes a Si-0 symmetric 
stretch at 664 cmol to become active in the IR spectrum. 
final stages of dealumination, expulsion of aluminium from 
the framework has been detected as revealed in the dramatic 
decrease in absorbance at 720-740 anDq characteristic of 
A1 -0 framework bonds, along with the appearence of the 
bands at 527, 612, 832, and 973 cm-l, which were assigned to 
A1 -0 non-framework species. Expulsion of aluminium is 
accompanied by the local rearrangement of the crystal 
framework producing sp-hybridized siloxane bonds associated 
with the bands at 485, 1170 and 1200 cm-I. 
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Modification of zeolites by hydrothermal dealumination is known to be basic 
to the production of a wide variety of ultrastable molecular sieves and 
catalysts, and is the subject of much research (ref. 1-3). At the same 
time, the mechanism of zeolites dealumination is under discussion till now 
(ref. 1-5). 
To contribute to the clarification of this question, an attempt was made in 
the present work to refine the assignment of the bands in the IR lattice 
vibration spectra of faujasite samples dealuminated by BdcDaniel and Maher 
procedure (ref. 6 & 7) to different degrees, due to invoking the interpreted 
spectra of layered and skeleton aluminosilicates as closely related systems, 
as well as due to correlating the IR spectral behavior of the samples inves- 
tigated t o  the corresponding 29Si W NMR one. 
using 0.5% XBr platelets on a Bruker IFS-115c Model FT-IR spectrometer over 

IR spectra were recorded 

1977 



1978 S. P. ZHDANOV et a/. 

the range of  400-1400 cm-’under a resolution of 4 cm”. 
spectra  were measured and kindly put a t  our  d i sposa l  by Dr. J. Xlinowski. 
Characterist ics of the samples investigated and specif icat ion of the 
modification conditions a re  given in  Table. 

29Si MAS NMR 

TABLE . Characterist ics of the samples investigated. 

Sample Produced by performing S i / A l a  S i / A l b  
t o t a l  framework 

indus t r ia l  synthesis 
( i n i t i a l  NaY sample) 

1 2.37 2.4 

primary NHi-exchange on 1, 2.37 3.1 
873K steaming 

9739 steaming 

l O 2 3 K  steaming 
0.1 N H C 1  treatment o f  4 - 

secondary NBg-exchange on 2, 2-57 14.0 3 

4 secondary NHi-exchange on 2, 2-37 18.0 

5 - 
“analyaed chemically, bassessed by 29Si NMR due t o  (ref . 8). 

I R  transmittance spectra  of  the samples investigated are shown i n  Figure. 
Dealumination of the i n i t i a l  NaY sample at 873K is seen t o  cause a high- 
frequency (HF) shift of most structure-sensit ive bands (ref. 7 & 9), resul- 
t i n g  f rom the decreased average length and ionic  character of 1-0 bonds, 
with T = S i , A l  (ref. 10). 
i n  the spectrum 2 and exhibits a HF s h i f t  to  675-678 cm” at higher degrees 
o f  dealumination (spectra 3 and 4). Since this band a t t r ibu ted  t o  the Si-0 
symmetric s t r e t c h  is known t o  manifest a HF s h i f t  and increase i n  in tens i ty  
on decreasing the content on te t rahedral ly  coordinated aluminium of layered 
and skeleton aluminosilicates framework (ref. 10 & I?), i t  is reasonable t o  
associate the appearence of t h i s  band i n  spectra  of dealuminated f au ja s i t e  
samples with a r i s ing  “aluminium-deficiency” i n  t h e i r  framework. 
i n  the character of A 1 4  framework bonds may be d i rec t ly  detected by the 
changes i n  the spectral  region of 720-780 cm-’, whereby the higher the 
frequency of  a band i n  th i s  region and the greater  the in tens i ty  of i t ,  the 
stronger covalent character has the corresponding 81-0 bond and the greater  
is the extent of those i n  the alumhosi l icate  framework,correspondingly 
(ref.  12). In  th i s  respect, the s h i f t  of the band f rom 718 t o  741 cm” and 
a s l i gh t  decrease i n  in tens i ty  indicates a lowering of  the extent of covalent 
bonding of aluminium t o  the framework oxygen, simulating the so-called 
“aluminium-deficiency” e f fec t ;  whereas no pr incipal  differences between the 
spectra  1 and 2 strongly suggest that aluminium remains a framework subst i -  
tuent i n  this stage of dealurnination. 

Additionally, a s l i gh t  band a t  664 cm” appears 

The changes 

Dealumination of the sample 2 at 
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higher temperatures causes d r a s t i c  changes in the corresponding spec t ra  3 
and 4. 
ind ica tes  that “par t ic ipa t ion”  of aluminium i n  bui lding up the  framework is 
extremely l i m i t e d ,  i.e*, aluminium is expelled from t h e  framework. It 
produces the  increase i n  the r e l a t i v e  i n t e n s i t y  of the TO4 bending band a t  
465 cmol, accompanied by the  development of the  bands at 427, 612, and 
832 cm-’, on t h e  one hand, and the appearance of the 482 cm-‘ band accompa- 
nied by the HF sh i f t  and resolving of the  highest frequency shoulder at 
1155 cm-’ i n t o  1168 and 1198 om”, on the  o ther  hand. 

The dramatic decrease i n  i n t e n s i t y  of the 741 cm-’ band d i r e c t l y  

465 

B 
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Figure IR l a t t i c e  v ibra t ion  ( A ) and 29Si lyLAs NMR ( B ) 
s p e c t r a  of the  samples invest igated ( the  numbers of s p e c t r a  
r e f e r  t o  the l i s t i n g  of the  samples i n  Table ) *  

The first group of spectral changes is analogous t o  that observed i n  s p e c t r a  
of layered and skeleton aluminosi l icates  (ref. 10 & 11) on A1Iv,O-AlV1,O 
t r a n s i t i o n s ,  whereby the absorbance at 524 cm-’ has been considered charac- 
t e r i s t i c  of A1 -0 species.  It is thus reasonable t o  assume tha t  the ana- 
logous bands in  spec t ra  of dealuminated f a u j a s i t e s  represent  v ibra t ions  of  
non-framework A1 -0 species  as well. I n s e n s i t i v i t y  01. posi t ions of the 
bands a t  527, 612 and 832 cm-’ t o  the  degree o f  the  framework oxygen charge 
disbalance occurring on dealumination, as well as the increase i n  i n t e n s i t y  
of those with the  degree of dealumination (compare s p e c t r a  3 and 4), and 
the detectable  decrease in  the same a f t e r  the ac id  treatment (spectrum 5 )  
argue no doubt i n  favor of such in te rpre ta t ion .  
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Hereby, the  removal of 
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most non-framework aluminium by acid treatment enables one t o  observe the 

The second group of s p e c t r a l  changes is t o  be considered ind ica t ive  of a 
rearrangement of the c r y s t a l  framework at high degrees of dealumination, 
whereby center ing of new bands at 485 and 1200 cm-', with the l a t t e r  being 
c h a r a c t e r i s t i c  of the  asymmetric s t r e t c h  of c lose t o  l i n e a r  s i loxane bonds 
(ref. lo), i n d i c a t e s  of the  formation of normal 
a t  s i t e s  of aluminium expulsion. So, the IR l a t t i c e  v ibra t ion  s p e c t r a  of 
highly dealuminated f a u j a s i t e s  represent  a superposi t ion of s p e c t r a  of 

cies.  
To a s c e r t a i n  the above conclusions, the  29Si MAS NMR spec t ra  of the  same 
samples were analyzed. In the  corresponding spec t ra  of Figure, the  Si(nA1) 
s igna ls  with n = 0, I ,  2, 3 denoting the number of framework aluminium atoms 
l inked t o  a given s i l i c o n  (ref. 8) a r e  designated a ,  b,  c,  d ,  respectively.  
Redis t r ibut ion of i n t e n s i t i e s  of Si(nA1) s igna ls  i n  the  spectrum 2 as compa- 
red t o  the i n i t i a l  spectrum 1 indica tes  of the  change i n  the s t a t e  of alumi- 
nium a f t e r  the  873K treatment, while remaining of the  Si(nA1) s igna ls  i n  
t h i s  spectrum reveals  that aluminium remains a framework subs t i tuent ,  f o r  
extra-framework aluminium would not be detected by t h i s  method (ref. 8). 
I n  t h i s  respect ,  the  decrease i n  i n t e n s i t y  of the  Si(nA1) s i g n a l s  t o  negli-  
g i b l e  values and the contrast ing increase i n  that o f  the  Si(oA1) s i g n a l  a f t e r  
the  973 and 1023K treatments (spectra  3 and 4) i n d i c a t e  the expulsion of 
aluminium from the framework, and s t rongly support t h e  above in te rpre ta -  
t i o n  of the  I R  spec t ra  of highly dealuminated f a u j a s i t e  samples. 

band a t  973 cm-I assigned t o  the  A 1  V I  4 asymmetric s t r e t c h  (ref,  10). 

sp-hybridized s i loxane bonds 

highly s i l i c e o u s  rearranged framework and that of non-framework A 1  V I  -0 spe- 
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