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B o r o s i l i c a t e  g l a s s e s  a r e  s u p p o s e d  t o  b e  a  s u i t a b l e  m a t r i x
f o r  t h e  f i x a t i o n  o f  c a l c i n e d  r a d i o a c t i v e  w a s t e s .  F o r  t h e
s a f e t y  a s s e s s m e n t  o f  t h e  d i s p o s a l  o f  t h e s e  g l a s s e s  i n  g e o -
l o g i c a l  f o r m a t i o n s  t i k e  c a r n a l l i t e  o r  r o c k  s a l t ,  t h e i r  c h e -
m i c a l  d u r a b i l i t y  i n  s a t u r a t e d  s a l t  b r i n e s  h a s  b e e n  i n v e s t i -
g a t e d .  T e m p e r a t u r e s  u p  t o  2 0 0 ' C ,  p r e s s u r e s  u p  t o  1 3 0  b a r ,
a n d  c o r r o s i o n  t i n e s  u p  t o  5  y e a r s  w e r e  a p p l i e d .  S p e c i a l
a t ten t ion  eras  g iven to  the  long te ra  cor ros ion  wh ich  is
m a i n l y  c h a r a c t e r i z e d  b y  t h e  s a t u r a t i o n  o f  t h e  c o r r o d i n g
s o l u t i o n  ( l e a c h a t e )  w i t h  r e s p e c t  t o  s i l i c a .

f n t r o d u c t  i o n

f n  t h e  F e d e r a l  R e p u b l i c  o f  G e r m a n y  b o r o s i l i c a t e  g l a s s e s  a r e

p r o p o s e d  a s  w a s t e  f o r n  f o r  t h e  f i n a l  d i s p o s a l  o f  h i g h  l e v e l  g a s t e

( H L W )  i n  g e o l o g i c a l  s a l t  f o r m a t i o n s .  T o  c h e c k  t h e  s a f e t y  o f  t h i s

w a s t e  f o n n  t w o  d i f f e r e n t  b o r o s i l i c a t e  g l a s s e s  w e r e  c o r r o d e d  i n

s a l t  b r i n e s  t y p i c a l  o f  t h e  r e s p e c t i v e  g e o l o g i c a l .  f o r r s a t i o n s .  T h e

a i m  o f  t h e  i n v e s t i g a t i o n s  w a s  t o  d e t e r m i n e  c o r r o s i o n  r a t e s (  d i s -

s o l v e d  n a s s  o f  g l a s s  p e r  s u r f a c e  a r e a  a n d  c o r r o s i o n  t i m e )  a n d  t o

u n d e r s t a n d  t h e  l o n g  t e r m  c o r r o s i o n  m e c h a n i s m s ,  w h i c h  i s  n e c e s s a r y

t o  p r e d i c t  t h e  c o r r o s i o n  b e h a v i o u r  o f  t h e  w a s t e  f o r m  f o r  l o n g e r

p e r i o d s  ( s e v e r a l  1 0 0  y e a r s ) .

M a n y  r e s u l t s  a r e  $ u b l i s h e d  a b o u t  t h e  c o r r o s i o n  o f  g l a s s e s

i n  a q u e o u s  s o l u t i o n s  c o n t a i n i n g  o n l y  m i n u t e  a m o u n t s  o f  d i s s o l v e d

m a t e r i a l .  H i g h  c o n c e n t r a t e d  s a l t  b r i n e s  a r e  r a t h e r  u n u s u a l  c o r r o -

s i o n  r n e d i a .  N e v e r t h e L e s s ,  r e s u l t s  o f  r r s h o r t  t e r m r r  c o r r o s i o n  t e s t s

( c o r r o s i o n  t i m e  t  (  1  y e a r )  h a v e  a l r e a d y  b e e n  p u b l i s h e d  b y  s e v e -

r a 1  a u t h o r s .  A n  e v a l u a t i o n  t 1 l  o f  p u b l i s h e d  r e s u l t s  c o n c e r n i n g

t h e  c o r r o s i o n  o f  H L W  g l a s s e s  i n  d i f f e r e n t  r n e d i a  ( d e i o n i z e d  w a t e r ,

s  i  I  i c ious  g roundwate rs ,  sa l t  b r ines  )  showed tha t

independan t  o f  the  app l ie ,C  co r ros ion  med ium the

chan isms were  observed :

in  rnos t  cases

f o l l o w i n g  n e -

n e t w o r k  d i s s o l u t i o n ,

f o r m a t i o n  o f  r e a c t i o n  p r o ä u c t  l a y e r s  o n  t o p  o f  t h e  s u r f a c e

o f  t h e  u n d i s s o l v e d  g l a s s ,  a n d

t h e  a l t e r a t i o n  o f  a  c o m p a r a b l y  t h i n  s u r f a c e  z o n e  o f  t h e

u n d i s s o l v e d  g l a s s  b y  i o n  e x c h a n g e .
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The mass loss of  the glass is almost total ly due to netvork dis-

solut ion.  The react ion product layer uay part ly be generat 'ed by

the transforuat ion of  a highly depleted and hydrolyzed network,

part ly by the re-precipi tat ion of  in i t ia l ly  d issolved glass con-

stituents. The layer dete:mines ttre chemistry of the leachate as

prec ip i ta te ,  bu t  has  on ly  a  minor  e f fec t  on  the  cor ros ion  ra tes .

This was demonstrated (glass and corrosion condi t ions ident ical

to those of  the long terrn corrosion tests reported here) by re-

uoving the layer and subsequent corrosion of  the 
'gIass 

in the

u n c h a n g e d  l e a c h a t e  t 2 l .  T h e  s u r f a c e  o f  t h e  g l a s s  i s  a l t e r e d  b y

ion  exchange to  a  depth  o f

On ly  a  few resu l ts  have been pub l ished o f  tes ts  runn ing  fo r

l o n g e r  p e r i o d s .  S t r a c h a n  e t  a l .  t  4  I  r e p o r t e d  t e s t s  w i t h  a  d u r a -

t i o n  o f  u p  t o  t w o  y e a r s  a t  4 0  a n d  9 0 ' C .  T h e y  f o u n d  t h a t  t h e  c o r -

r o s i o n  r a t e s  f o r  a  b o r o s i l i c a t e  g l a s s  w i t h  3 8 . 7  t t O r . ,  . 9 . 8  8 2 O 3 ,

and 14  .  8  NarO (wt .  - t  )  in  sa l t  b r i .nes  are  lower  than those in

d e i o n i z e d  w a t e r  o r  g r o u n d w a t e r  s y s t e r n s .  A f * ' a r  a b o u t  1  o r  1 . 5

y e a r s  t h e  c o r r o s i o n s  p r o c e s s  i s  s l o w e d  d o w n .

S o m e  s t u d i e s  f o c u s e d  o n  c o r r o s i o n  m e c h a n i s m s .  G r a m b o w  t 5 l

i n t e r p r e t a t e d  t h e  c o r r o s i o n  p r o c e s s  a s  n e t l r o r k  d i s s o l u t i o n  a t  t h e

i n t e r f a c e  r e a c t i o n  p r o d u c t  l a y e r  g I a s s .  T h e  c o r r o s i o n  r a t e s  a r e

d e t e r r n i n e d  b y  t h e  a c t i v i t y  o f  H 4 S i o 4  i n  s o l u t i o n  a n d  b y  t h e  r a t e

c o n s t a n t s  o f  t h e  t w o  c o r n p e t i n g  r e a c t i o n s  h y d r o l y s i s  o f  S i - O - n e t a l

o r  s i - O - S i  b o n d s  ( 1 )  a n d  t h e  c o n d e n s a t i o n  o f  s i l a n o l  g r o u p s  ( 2 ) .

T h e  e f f e c t  o f  t h e  s i l i c a  s a t u r a t i o n  ( i n  t h i s  p a p e r :  t h e

satura t ion  o f  the  ieachate  v . i th  respec t  to  a  s i l  i ca  conta in ing

s p e c i e s )  o .  t h e  c o r r o s i o n  p r o c e s s  i s  d i s c u s s e d  b y  s e v e r a l  a u t h o r s

[ e .  g .  2 ,  6  9 ] .  P e d e r s o n  e t  a 1 .  t 6 l  s h o w e d  f o r  c o r r o s i o n  t e s t s

i n  d e i o n i z e d  w a t e r  w i t h  v a r y i n g  S / V  r a t i o s  ( S / Y :  s u r f a c e  a r e a  o f

g l a s s  /  I e a c h a n t  v o l u m e )  ,  t h a t  t h e  c o r r o s i o n  p r o c e s s  c a n  b e  a c c e -

I e r a t e d ,  b y  a p p l y i n g  h i g h  ä t V  r a t i o s .  T h e y  p r o p o s e d  ( w i t h i n  s o m e

l i r n i t a t i o n s )  s h o r t  t e r n  t e s t s  a t  h i g h  S / V  r a t i o s  t o  s i m u l a t e  l o n g

t e r m  c o r r o s i o n  c o n d i t i o n s .

Van Iseghen and Granbor+  t  7  ]  inves t iga ted  the  cor ros  ion  o f

t w o  g l a s s e s  i n  d e s t i l l e d  v r a t e r .  T h e y  s h o w e d  f o r  a  b o r o s i l i c a t e

g l a s s  w i t n  a  h i g h  a l u n i n a  c o n t e n t  ( 1 8 . L  t l - E . - t ) ,  t h a t  t h e  c o r r o -

s i o n  p r o c e e d s  a f t e r  s i l i c a  s a t u r a t i o n .  C o n c e r n i n g  t h e  H L W  g l a s s

S M  5 g  ( s u b j e c t  o f  t h i s  p a p e r ) ,  t h e y  c o u l d  n o t  s t a t e  w h e t h e r  t h e '

s a m e  i s  v a l i d  o r  n o t .

F r e u d e  e t  a I .  t B l  c o r r o d e d  a  b a r i u m  a l u m o s i l i c a t e  g l a s s  u p

t o  : r 2 O  d  i n  a  s a t u r a t e d  N a C I  b r i n e  ( S / Y  r a t i o s :  1 0 - 1 o o  t - 1 )  -  T h e y

u s e d  a  l i n e a r  t i n e  l a w  t o  d e s c r i b e  t h e  c o r r o s i o n  p r o g r e s s  a f t e r

14 )



reaching s i l ica saturat ion.  Lutze et ,  a l .  t9 l  approved for  the

borosi l lcate g lass SON 68 (corroding in  a sa l t  br ine at  110,  150,

and 190'Ci  var ia t ion of  S/V rat io)  tbat  the g lass d issolut ion

continues after si l ica saturation at a low rate supposed to de-

Peld l inearly on S/V.t.  Their results indicated ttrat transport

processes may control the corrosLon rate in the long term.

To sunmarize, most authors expect that the corrosion of HLw
glasses in aqlueous 

'solut lons 
as nel l  as in salt  brines starts

wi th a corros ion rate depending l inear ly  on t ine.  Af ter  a cer ta in

t ine this rate is expected to slow down to a f inal rate again l t-

nearly depending on t iure which is typical of the long tera cor-

ros ion range character ized by s i l ica 'saturat ion.  This  is  conclud,-
ed f rom the resul ts  of  corros ion tests  s inulat ing the long term
corros ion condi t ions by apply ing h igh S/v rat ios,  whereas s in i lar

resul ts  of  r t rea l r r  long terrn ( t

The invesigat ions presented here star ted seven years ago.

The resul ts  of  the t rshor t  term'r  corros ion tests  have a l ready been
pub l i shed  t3 l .  The  resu l t s  o f  the  long  te ra  tes ts  (up  to  5  years )

a re  p resen ted  here .

Exper  iments

The g lasses have been corroded in  s teel  autoc laves wi th

tef lon conta iners ins ide wi thout  renewing the leachates dur ing

the  tes ts .  The  leachan t  vo lume was  90  m3,  the  s i ze  o f  the  g lass

c h i p s  0 . 9  x  L . 2  x  0 . 2 . r 3 .  T h e  r a t i o  s / V  o f  t h e  g l a s s  s u r f a c e

area  to  so lu t ion  vo lune  l ras  3 .3  r -1 .  Cor ros ion  te rapera i t r "=  be-

tween  80  and  200 'C ,  p ressures  up  to  130  bar  ( the  p ressure  has

only  a s l ight  in f luence on the corros ion rates;  th is  was proved

by compar ison wi th ident ica l  corros ion tests  at  egui l ibr iurn

pressure ) ,  and ,  co r ros ion  t imes  up  to  5  years  were  app l ied .

T h e  s a l t  b r i n e  c o n t a i n e d  2 6 . 8  M g C l r ,  4 . 7  K c l ,  1 . 5  N a C l ,  a n d

1 .4  MgSo,  ( i n  L rE . - t ;  res t  wa te r )  .  The  co rnpos i t i on  o f  the  inves t i -- 4 r

g a t e d  H L W  g l a s s  S U  5 8  i s  l i s t e d  i n  T a b l e  1 .

T a b 1 e  1 .  C o m p o s i t i o n  o f  t h e  H L W  g l a s s  S U  5 8  i n  L r t . - t

component A I 2 0 3
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' 1  :

The corrosion tests uere evaluated by balancing the glass

chips and chemical analysis of ' t^he leachate and the layer of

react ion products on. top of  the g lass.  The layer  consis ted of

precipitates lron the solut ion or strongly altered glass and

could be removed easlIy. The rnass loss of the reacted glass was

calculated from the boron content of the leachate, vhich ls

possib le t f  the Dass loss ls  a luost  to ta l ly  due to the d isso-

lut ion oi the glass network, o!.  by balancing. By botb nethods

comparabfe resul ts  were obta ined. '

The results for t

compar ison,  the data of  the shorE tera tests  at  160 and 2Ob'C are

presented in  r . ig .  2 .  Data points  at  t  )  730 d represent  an ave-

rage  o f  5  d i f fe ren t  samp les .  For  t  (  365  d ,  on ly  th ree  sanp les

$rere analyzed.  The standard deviat ion for  the long terro da- ,a

p o i n t s  ( 3  a n d  5  y e a r s )  v a s  b e t t e r  t h a n  4  t  ( 1 5 0  a n d  2 0 0 ' C )  o r  I  *

( 1 2 0 ' C ) .  A t  8 O ' C ,  t h e  s t a n d a r d  d e v i a t i o n  w a s  (  8 0  t ,  w h i c h  i s

ra ther  h igh .
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co r ros ion  t ime  t  i n  d

r i g 2 S a m e  a s  F i g  1 a - b ,  b u t  t
O : 1 5 0 ' C ; o : 2 0 0 ' C

T h e  m a s s  o f  r e a c t e d  9 1 a s s .  i n c r e a s e s  w i t h  c o r r o s i o n  t i i n e  f o r

a l l  t e s t  t e m p e r a t u r e s  i n  t h e  o b s e n r e d  t i m e  r a n g e .  A n  e v a l u a t i o n

o f  t h e  d a t a  a c c o r d i n g  t o  a  l i n e a r  t i n e  1 a w  y i e l d e d  t h e  c o r r o s i o n

r a t e s  l i s t e d  i n  T a b l e  2 .  T h e  v a l u e s  o f  t h e  o r d . i n a t e  i n t e r c e p t s

are  a l ' ;ays

s i o n  r a t e  a f t e r  a b o u t  l O O  d .  F o r  c o m p a r i s o n  t h e  c o r r o s i o n  r a t e s

d e t e r m i n e d  f o r  t

T a b I  e  2 Long and shor t  ter ro corros ion rates for  the HLI^I  g lass
SM 58  co r rod ing  in  a  concen t ra ted  sa l t  b r ine

c o r r o s i o n  r a t e s  i n  g ' r o - 2 .  d - 1

t

8  0 ' c
1 2 0 ' C
1 6 0 ' C
2 0 0 ' c

0 . 1 0
o  . 6 2
3 . 5

1 8 .  1

0 . 0 0 5
0 .  1 1 5
0 . 5 9
1 . 3 1

D i s c u s s i o n

A c c o r d i n g  t o  L u t z e  e t  a l .  t 9 l  t h e  s i l i c a  s a t u r a t i o n  v a l u e s

f o r  a p p l i e d  s a l t  b r i n e  a r e  5 7  g - r r - 3  ( i r o ' c ) ,  1 2 1  g - l o - 3  ( r 5 o ' c ) ,

a n d  1 7 0 ' c  (  1 9 0 ' c )  .  A l t h o u g h  a . n u y  i n v e s t i g a t e d  a  s l i g h t l y  d i f  f  e -

r e n t  b o r o s i l i c a t e  g l a s s  ( 4 5 . 5  S i O 2 ,  1 4 . 0  B Z o r ,  a n d  g . g  N a r o i  i n '

t r t .  - t )  a n d  u s e d  o t h e r  c o r r o s i o n  t e n p e r a t u r e s ,  o n e  c a n  c o n c l u d e

t h a t  i n  t h e  t e s t s  r e p o r t e d  h e r e  t h e  s t a t e  o f  s i l i c a  s a t u r a t i o n

L r a s  r e a c h e d  f o r .  t h e  1 2 0 ' C  ( a t  l e a s t  a f t e r  f  i v e  y e a r s ) ,  t h e  1 6 0 ' C

( a f t e r  1  y e a r )  ,  a n d  t h e  2 0 0 ' C  ( a f - . e r  L 2 O  d )  t e s t s .  T h e  s a n e  c a n -

t
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not  be stated for  the corros ion at  80 'c  (due to lack ing data for

s i l ica saturat ion and to the poor  prec is ion of  the repor ted nea-

surements. The chenical analysis of the solut ion showed, that at

150  and  20o 'C  s i l i ca  i s  pa r t l y  p resen t  as  p rec ip i ta te .  As  the

solut ions l tere cooled down to room tenperature for analyzirg,

this obserrrat ion does not al low to state the presence of a pre-

c ip i ta te at  corros ion tenperature.  Never theless,  in  a l l  cases a

drast ic  decrease of  the corros ion rate was obserr red af ter  a cor-

ros ion  t i ne  t

term corros ion range l ras reached.  Therefore the presented resul ts

ensure the f ind ing of  s imulated long tera test ,  that  the corro-

s ion  p rocess  p roceeds  a f te r  reach ing  s i l i ca  sa tu ra t ion .  Bu t  even

the  da ta  o f  the  5  year  tes ts  do  no t  a l l ow to  dec ide ,  whe ther  the

t ime law fo r  the  long  te ra  co r ros ion  i s  l i near  o r  no t .  For  sa fe ty

assessnen ts  i t  i s  adv isab le  to  use  a  l i near  t i u re  law.

Acknowl  ecrdements

T h e  i n f o r = r a t i o n  p r e s e n t e d  i n  t h i s  p a p e r  w a s  o b t a i n e d  u n d e r

c o n t r a c t  N o  F T I - W / 0 0 2 8  a s  p a r t  o f  t h e  E u r o p e a n  C o m m u n i t i e s '  R e -

search  Programme on l tanagenent  and D isposa l  o f  Rad ioac t ive  Waste

and under  cont rac t  No KI^ IA  7  603 9  by  the  Bundesmin is te r iun  fü r

Forschung und Techno log ie  o f  the  Federa l  Repub l  i c  o f  Gerzrany .

R e  f e r e n c e s

1 .  C o n r a d t  R . ,  R o g g e n d o r f  H . ,  O s t e r t a g  R .  B r u s s e l s ,
Commiss ion  o f  the  European Communi t ies .  19  8  5  .  E I IR

2 . '  C o n r a d t  R .  ,  R o g g e n d o r f  H .  ,  S c h o l z e  H .  / /  I n :  S c i .
W a s t e  M a n a g e m . ,  V o l .  f X .  W e r r n e  ,  L . O .  ( e d .  )  .  1 9 8 5 .
M a t e r i a l s  R e s e a r c h  S o c i e t y .  P .  2 0 3 - 2 1 0 .

3 .  C o n r a d t  R .  ,  R o g g e n d o r f  
' H .  

,  S c h o l z e  H .  / /  I n :  S c i .
W a s t e  M a n a g e m .  ,  V o l .  V f f .  M c V a y ,  G .  L .  ( e d .  )  .  L 9 B 4

Luxenbourg,
1 0 5 8 0  E N .
B a s i s  N u c l .
P i t t sburgh ,

B a s i s  N u c l
.  New York ,

A m s t e r d a m ,  O x f o r d ,  N o r t h - H o l l a n d .  P . 9 - 1 5
4 .  S t r a c h a n  D . M . ,  P e d e r s o n  L . R . ,  L o k k e n  R . O .  / /  I n :  S c i .  B a s i s

'  N u c I .  W a s t e  H a n a g e m . ,  V o I .  f X .  W e r n e ,  L . O .  ( e d .  )  .  1 9 8 5 .
P i t t s b u r g h ,  M a t e r i a l s  R e s e a r c h  S o c i e t y .  P .  L 9 5 - 2 0 2 .

5 .  G r a n b o w  B .  / /  G l a s t e c h .  B e r .  1 9 6 3 .  V o l .  5 5 K ,  P . 5 5 6 - 5 7 1 .
6  .  P e d e r s o n  L .  R .  ,  B u c k w a l t e r  C .  Q .  ,  H c V a y  G .  L .  ;  R i d d l e  B .  L .  /  /

f n :  S c i  .  B a s i s  N u c l  .  W a s t e  H a n a g e m .  ,  V o l  .  V I  .  B r o o k i n s  D .  G .
( e d .  )  .  1 9 8 4 .  N e w  Y o r k ,  A m s t e r d a m ,  o x f o r d ,  N o r t h - H o l 1 a n d .
P  . 4 7  - s 4  .

7 .  V a n  I s e g h e m  P . ,  G r a m b o w  B .  / /  I n :  S c i .  B a s i s  N u c I .  W a s t e  U a -
n a g e m .  ,  V o l  .  X I  .  A p t e d  H . J . ,  W e s t e r m a n  R . E .  ( e d s .  )  .  1 9 8 8 .
P i t t s b u r g h ,  M a t e r i a l s  R e s e a r c h  S o c i e t y .  P . 6 3 1 - 5 3 9 .

8 .  F r e u d e  E l r ' G r a m b o w  8 . ,  L u t z e  I ^ 1 . ,  R a b e  H . ,  E w i n g  R . c .  / /  I n :
S c i .  B a s i s  N u c l .  W a s t e  H a n a g € n . ,  V o 1 .  V I I f .  J a n t z e n  C . M . ,
S t o n e  J . 4 . ,  E w i n g  R . C .  ( e d s . ) ,  I 9 8 8 .  P i t t s b u r g h ,  l t a t e r i a l s
R e s e a r c h  S o c i e t , y .  p .  9 9 - 1 1 2

9  -  L u t z e  W .  ,  l r ü I l e i  R .  ,  M o n t s e r r a t  H .  / /  I n :  S c i .  B a s i s  N u c l .
H a s t e  M a n a g e r a . ,  V o l  .  X I  .  A p t e d  M . J . ,  W e s t e r m a n  R . E .  ( e d s . ) .
1 9 8 E .  P i t t s b u r g h ,  M a t e r i a l s  R e s e a r c h  S o c i e t y .  P . 5 7 5 - 5 8 4 .

1 + 7



X V I AITT R IUATIOAI,AL C OIVGR T S S
OIV GLA,S,S LilVI]VGR,AD ]9g9

PROCEEDTTVGS
WlLtme 2a

Properties of Slnss.
I{ew methods" üel ass

ftrmation.
kchnical .ress ions

Editecl by OVMazurin

L E N I N G R A D
,NAUKA"

LEN INGRAD BRANCH
1989


