
HAL Id: jpa-00222435
https://hal.science/jpa-00222435

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

THE LEACHING OF SODIUM CONTAINING
GLASSES : ION EXCHANGE OR DIFFUSION OF

MOLECULAR WATER ?
B. Smets, T. Lommen

To cite this version:
B. Smets, T. Lommen. THE LEACHING OF SODIUM CONTAINING GLASSES : ION EXCHANGE
OR DIFFUSION OF MOLECULAR WATER ?. Journal de Physique Colloques, 1982, 43 (C9), pp.C9-
649-C9-652. �10.1051/jphyscol:19829129�. �jpa-00222435�

https://hal.science/jpa-00222435
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 

Colloque C9, supplement au n°12, Tome 43, deoembre 1982 page C9-649 

THE LEACHING OF SODIUM CONTAINING GLASSES : ION EXCHANGE OR DIFFUSION 

OF MOLECULAR WATER ? 

B . M . J . Smets and T . P . A . Lommen 

Philips Research Laboratories , 5600 JA Eindhoven, The Netherlands 

Résumé. - La corrosion du verre a été étudiée à l'aide de la 
technique SIMS. La lixiviation des ions de sodium liés aux atomes 
d'oxygène non-pontants est déterminée par la diffusion de H?0. 
Les ions liés aux entités A10. sont échangés contre H,0 . 

Abstract.- The corrosion of glass was studied using SIMS. The 
leaching of sodium ions bonded to non-bridqing oxygen atoms is 
governed by the diffusion of H_0. The sodium ions bonded to A10,-
-groups undergo an ion exchange with H„0+. 

1. Introduction - It is generally accepted that the leaching of glass 
is governed by an ion exchange between oxonium and sodium ions 
(1-2) . 

= SiO~ Na+ + H 0 + » =SiO~ H 0 + + Na+ 

Recently, the authors proposed an alternative mechanism, in which 
the diffusion of H-0 would be the rate determining step (3-4). 

= SiO" Na+ + H20 » =SiOH + Na+OH~ 

Both mechanisms will be critically reviewed in this paper. The 
leaching in moderately weak acid solutions (pH = 4-7) will only be 
considered. 

2. Ion Exchange. - Leached glasses, when measured with SIMS (fig. 1), 
exhibit typical S-shaped sodium profiles, indicating a leaching 
process with an effective diffusion coefficient strongly dependent 
on concentration. Such behaviour is expected for an ion exchange 
mechanism : 

D = DNa V [ DNa CNa + (1 " CNa> DH ] ' 

where D and DN represent the oxonium and sodium diffusioncoef-

ficients respectively and c represents the sodium concentration 
(normalized to the sodium bulk concentration). The experimen
tal results for different glass composition are summarized in 
table 1. All sodium diffusion coefficients are much greater than 
the corresponding tracer diffusion coefficients. Arguing that much 
higher diffusion coefficients would occur in hydrated glasses is 
contradicted by recent experimental data (5). Essential to an ion 
exchange mechanism is the presence of anionic sites. The sodium 
non-bridging oxygen sites, however, are converted into silanol 
groups, as has been demonstrated using XPS (3). The strongest argu
ment in favour of ion exchange has been given by Lanford et al. (1). 
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Fig.  1. - The p red i c t ed  sodium p r o f i l e s  on t h e  b a s i s  of H20 d i f f u s i o n  

(Dm = 1 0 - ~ ~ m ~ s - l ,  ~ = 4 .  and on t h e  b a s i s  of i on  exchange 
- - -  - 17 -11 m2s-1 

(DH = 5.10 , DNa = 5.10 ) along with t h e  experimental  

da t a  f o r  a g l a s s  wi th  composftion 20 Na20.80Si02. 

Using nuclear  techniques they demonstrated t h a t  each sodium ion  
w a s  by replaced t h r e e  hydrogen atoms. Recent d a t a ,  however, i nd i -  
c a t e  t h a t  t h i s  r a t i o ,  depending on g l a s s  composition, v a r i e s  
between 1.7 and 3 . 2  ( 2 ) .  It has been suggested by Tsong (2)  t h a t  
i t  i s  n o t  oxonium i o n s  butpro tons  t h a t  a r e  exchanged f o r  sodium, 
followed by t h e  pene t r a t i on  of H20, I f  t h e  l a t t e r  process were t o  
occur ,  t h e  s - zbs t i t u t i on  o f  H20 by D20 would r e s u l t  i n  a 20% de- 
c rease  i n  t h e  width of t h e  dep le t i on  l a y e r  x . This has n o t  been 
observed experimental ly.  Indeed, f o r  a g l a s s f  with composition 
20Na 0 .  1OCa0.70SiO2, leached f o r  1 6  h r s  a t  7 0 O ~  i n  H 0 ,  x5 equals  
700 3 40 nm and when leached i n  D20 it equals  680 + 1 5  nm. 

0 
Table 1. DH and DNa (70 C )  der ived  on t h e  b a s i s  of ion exchange; 

sodium t r a c e r  d i f f u s i o n  c o e f f i c i e n t s  (7 )  a r e  i nd i ca t ed  
i n  b racke t s f .  

Composition 2 -1 
~ ~ ( m  s ) D~~ (m2s-l) 

20Na20. 80Si02 ~ . l o ' l ~  5 .  10-11(5. 10-19)" 

3 .  g20 d i f f u s i o n .  - A 1 1  t h e  d a t a  gathered i n d i c a t e s  t h a t  a mechanism 
more complex than ion  exchange accounts  f o r  t h e  leaching  of g l a s s ,  
t h e  most l i k e l y  a l t e r n a t i v e  being t h e  d i f f u s i o n  of H20. The d i f -  
fu s ing  molecules a r e  immobilized a t  t h e  sodium N B O ' s  by t h e  fo r -  
mation of s i l a n o l  groups. The sodium ions  f r eed  by t h i s  r e a c t i o n  
a r e  no longer  r e t a i n e d  by t h e  g l a s s  network and may, t oge the r  
wi th  hydroxyl co-ions, d i f f u s e  towards t h e  su r f ace .  I f  t h e  H20 
d i f f u s i o n  i s  considered a s  being t h e  r a t e  determining s t e p ,  



2 
D = K Dm/c Na (31,  where Dm s tands  f o r  t h e  H20 d i f f u s i o n  c o e f f i -  

c i e n t  and K f o r  t h e  ' d i s s o c i a t i o n  cons t an t '  o f  t h e  s i l a n o l  groups 
formed. I n  t h i s  ca se  D w i l l  a l s o  e x h i t  a  pronounced concent ra t ion  
dependence and S-shaped sodium p r o f i l e s  a r e  p red i c t ed  (3-4) .  On 
t h e  b a s i s  of  t h i s  mechanism one can e a s i l y  account f o r  t h e  f a c t  
t h a t  5 t o  10% o f  t h e  sodium ions  o r i g i n a l l y  p re sen t  a r e  rekained 
i n  t h e  leached l a y e r  ( f i g .  1 ) .  On t h e  b a s i s  of  t h e  ion  exchange 
mechanism one would expect  t h e  l a t t e r  concent ra t ion  t o  be l e s s  
than 1%. The t o t a l  number o f  hydrogen atoms i n  t h e  leached l a y e r  
i s  determined both by t h e  number of s i l a n o l  groups formed and t h e  
amount of H 0 contained;  t h e  l a t t e r  quan t i t y  w i l l  depend on t h e  
g l a s s  s t ruczu re .  The r a t i o  of  H atoms i n  t h e  leached l a y e r  t o  t he  
sodium i o n s  o r i g i n a l l y  p re sen t  should n o t  t h e r e f o r e  equal. t h r e e .  

Fig.  2. - The e f f e c t  of t h e  A1203 concentrat ionoof t h e  sodium 
depth p r o f i l e  ( a l l  samples exposed t o  H20 a t  70 C f o r  16 h r s ) .  

4 .  Leaching o f  a luminos i l i ca t e  g l a s s e s .  - E s s e n t i a l  t o  t h e  water  
d i f f u s i o n  mechanism i s  t h e  presence i n  t h e  g l a s s  of  sodium ions  
bonded t o  N B O ' s .  I n  g l a s s e s  conta in ing  A1203 some of t h e  i ons  
a r e  bonded t o  A104 - groups and can no t  be mobilized by r e a c t i o n  
wi th  H20. They can only be mobilized by a  much slower ion  exchange 
mechanism. For t h e  g l a s s e s  wi th  y=5 and y=10 mole % A 1  0  t h e  
sodium p r o f i l e s  e x h i b i t  d i s t i n c t  p l a t eaus  ( s e e  f i g .  2) ? Ind i ca t ing  
t h a t  about 25% and 50% r e s p e c t i v e l y  of t h e  sodium ions  a r e  leached 
more slowly. The l a t t e r  f i g u r e s  a r e  i n  f a i r  agreement with t h e  
amount of  sodium i o n s  bonded t o  A 1 0 .  (6 1 . I t  has  t o  be noted t h a t  

4 
i n  t h i s  case  t h e  D va lue  der ived ,  2 x l 0 - ~ '  m2s-1. compares fa -  
vourably wi th  t h e  B8dium t r a c e r  d i f f u s i o n  c o e f f i c i e n t s  ( 4 )  . The 
leaching o f  sodium ions  bonded t o  N B O ' s  i s  governed by H 0 d i f -  
fus ion .  Dm being s t r o n g l y  dependent on t h e  A 1  0  concentZation 
( s ee  t a b l e  2 ) .  I n  s i l i c a t e  g l a s s e s  water  cond6cging pa ths  e x i s t .  
With t h e  incorpora t ion  o f  r e l a t i v e l y  smal l  amounts of A 1 2 0 3  t he se  
pa ths  a r e  c losed ,  r e s u l t i n g  i n  a  d r a s t i c  decrease i n  Dm. Any 
f u r t h e r  add i t i on  of  A1203 w i l l  have a  less pronounced e f f e c t  i n  

Dm' 
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T a b l e  2 .  T h e  effect of t h e  A 1  0 concentration on Dm ( 7 0 ° c )  
2 3 2 - 1  

2 0 N a 2 0 . y A 1 2 0 3 .  ( 8 0 - y )  S i02  Dm(m s ) K 

5. C o n c l u d i n g  r e m a r k s ,  - F r o m  a l l  t h e  data gathered it i s  c o n c l u d e d  
t h a t  t h e  leaching of s o d i u m  s i l i c a t e  glasses i s  governed by the  
d i f f u s i o n  of H 0. I n  a l u m i n o s i l i c a t e  glasses the  s o d i u m  i o n s  bon- 
de!+to ~ 1 0 ~ - t e $ r a h e d r a ,  h o w e v e r ,  are leached by i o n  exchange w i t h  
77 
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