
CHAPTER I 
INTRODUCTION

C o rro s io n  o f  m a te r ia ls  in  e le v a te d  te m p e ra tu re  a q u e o u s  e n v iro n m e n ts  
is a s ig n if ic a n t p ro b le m  in  m a n y  in d u s tr ie s . S tre s s -c o rro s io n  c ra c k in g  (S C C ) 
o f  p r im a ry  sy s te m  c o m p o n e n ts  in  the  n u c le a r  in d u s try  is  a se r io u s  p ro b lem , 
w h ic h  h as  re su lte d  in  e x te n s iv e  p la n t o u ta g e s  ' an d  c o s tly  e q u ip m e n t 
re p la c e m e n t an d  rep a ir . R e c e n t ex am p les  o f  in te rg ra n u la r  s tre ss  c o rro s io n  
c ra c k in g  (IG S C C ) h av e  o c c u rre d  in o p e ra tin g  b o il in g  w a te r  re a c to r  (B W R ) 
p ip in g  (In d ig , 1 9 9 0 ), as w e ll as c ra c k in g  in  in -c o re  c o m p o n e n ts  o f  L W R ’s due 
to  a c o m b in a tio n  o f  s tre ss , ra d ia tio n  and  a h ig h  te m p e ra tu re  en v iro n m e n t 
(B o sch  e t  a l . ,  2 0 0 4 ).

O v er th e  y e a rs , an im p o rta n t a p p lic a tio n  o f  h ig h - te m p e ra tu re  aq u eo u s 
e le c tro c h e m ic a l te c h n o lo g y  h as  b een  u n d e rs ta n d in g  an d  c o n tro ll in g  th e  
e n v iro n m e n ta l a sp e c t o f  s tre ss -c o rro s io n  c ra c k in g  in  n u c le a r  re a c to rs . It is o f  
s ig n if ic a n t in te re s t to  u n d e rs ta n d  co rro s io n  m e c h a n ism s  in  o rd e r  to  h e lp  
m in im ise  c o rro s io n  p ro b le m s. O ne o f  th e  k ey  p a ra m e te rs  -for d e te rm in in g  th e  
c o rro s io n  b e h a v io u r  o f  m a te r ia ls  is th e  e le c tro c h e m ic a l c o rro s io n  p o te n tia l o f  a 
m e ta l o r a llo y  ex p o se d  to  aq u eo u s  so lu tio n . In o rd e r  to  in v e s tig a te  th e  
e le c tro c h e m ic a l p ro p e r tie s  o f  m a te ria ls  in  h ig h  te m p e ra tu re  and  p re ssu re  
sy s te m s, su ita b le  re fe re n c e  e le c tro d e s  c o m p a tib le  w ith  th e  o p e ra tin g  
c o n d itio n s  and  sy s tem  c h e m is try  are  re q u ired . T h e re  a re  se v e ra l re fe ren c e s  
a v a ila b le  in  th e  o p en  l ite ra tu re  w h ere  p o te n tio m e tr ic  te c h n iq u e s  w ere  u sed  at 
te m p e ra tu re s  up  to  a b o u t 4 5 0  °c (M acd o n a ld  e t  a l . ,  1992; Ito , e t  a l . ,  1995; 
L v o v , e t  a l . ,  1999; K im  an d  A n d resen , 2 0 0 3 ). P re se n tly , tw o  a p p ro a c h e s  h av e  
b een  em p lo y e d  fo r p o te n tia l m o n ito rin g  at e le v a te d  te m p e ra tu re s :

1) T h e  u se  o f  an in te rn a l re fe ren c e  e le c tro d e  o p e ra tin g  w ith in  th e  h ig h  
te m p e ra tu re  en v iro n m e n t.

2) T h e  u se  o f  an  ex te rn a l p re ssu re  b a la n c e d  re fe re n c e  e le c tro d e  
(E P B R E ) in  w h ic h  th e  e le c tro a c tiv e  e lem en t is k e p t at ro o m  te m p e ra tu re  and 
c o n n e c te d  to  th e  h ig h  te m p e ra tu re  te s t so lu tio n  b y  m e a n s  o f  a sa lt b rid g e .
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T he u se  o f  an  e x te rn a l p re ssu re -b a la n c e d  re fe re n c e  e le c tro d e  h as  
re c e iv e d  c o n s id e ra b le  a tte n tio n  and  sh a ll b e  c o n s id e re d  in  d e ta il. M a c d o n a ld
(1 9 9 8 ) e x p la in e d  th e  m a in  re q u irem en ts  to  a c h ie v e  th e  m o s t s u ita b le  re fe re n c e  
e le c tro d e  fo r h ig h  te m p e ra tu re  aq u eo u s sy s tem s. Im p ro v e m e n ts  in  th e  
s ilv e r /s i lv e r-c h lo r id e  e le c tro d e  h ave  p e rm itte d  e le c tro c h e m ic a l m e a su re m e n ts  
in  re a c to r  p ip in g  sy s te m s and  re c e n tly  in  th e  h ig h  ra d ia tio n  f ie ld s  o f  th e  
re a c to r  co re  ( In d ig , 1990). E v en  th o u g h  m u ch  re se a rc h  fo c u se d  o n  d e v e lo p in g  
h ig h - te m p e ra tu re  re fe re n c e  e lec tro d es  h as  b e e n  d o n e  o v e r  th e  p a s t few  
d e c a d e s , fu r th e r  w o rk  is  n e ed ed  sin ce  n o n e  h a v e  b e e n  m ad e  to  w ith s ta n d  
te m p e ra tu re s  g re a te r  th a n  573 K  (300 °C) fo r an  e x te n d e d  p e r io d  o f  tim e . It is 
o b se rv e d  th a t th e  h ig h e r  th e  o p e ra tin g  te m p e ra tu re , th e  g re a te r  th e  p ro b le m s  
a s so c ia te d  w ith  re fe re n c e  e lec tro d e  s ta b ility . S o m e p ro b le m s  in c lu d e ; 
d e s tru c tio n  o f  th e  in su la tin g  p o ly m er b o d y , th e  s ta b il i ty  o f  th e  re fe re n c e  
e le c tro d e  itse lf , an d  th e  d if f ic u lty  in  c a lc u la tin g  th e  h ig h - te m p e ra tu re  
re v e rs ib le -e le c tro d e  p o te n tia l (D o b so n  e t  a l ,  1971). T h e re fo re , th e  g o a l o f  th is  
w o rk  is  to  c o n s tru c t a re fe re n c e  e lec tro d e  th a t h as  a lo n g  se rv ic e  life  as w e ll as 
a m a x im u m  o p e ra tin g  te m p e ra tu re  above th o se  th a t a re  c u rre n tly  em p lo y e d .

T h e  m a in  o b je c tiv e  o f  th is  re se a rch  is th e  f ir s t  step  to w a rd  th is  g o a l; 
th e  te s tin g  o f  th e  re p ro d u c ib ili ty  and p e rfo rm a n c e  o f  th e  e le c tro d e  up  to  573
K . T he  w o rk  s ta r te d  w ith  d esig n in g , c o n s tru c tin g , and  te s tin g  a h ig h  
te m p e ra tu re  re fe re n c e  e le c tro d e , w h ich  in c lu d e s  a c o rre c tio n  fo r th e  th e rm a l 
liq u id  ju n c t io n  p o te n tia l. T he  s ilv e r /s ilv e r-c h lo r id e  (A g /A g C l)  e le c tro d e  w as 
c h o se n  fo r its  ease  o f  co n s tru c tio n  co m p ared  to  o th e r  ty p e s  o f  re fe re n c e  
e le c tro d e s . T h e  e le c tro d e  w as d esig n ed  to m a in ta in  th e  e le c tro a c tiv e  e le m e n t 
at low  te m p e ra tu re  in  o rd e r to avo id  th e rm a l d e c o m p o s itio n  o f  th e  s ilv e r-  
c h lo rid e .

T he s ta b ili ty  o f  th e  e lec tro d e  w as ex a m in e d  b y  m e a n s  o f  e x p e r im e n ts  
c o n d u c te d  in  a o n e  litre  t ita n iu m  au to c lav e . T h e  p o te n tia l  d if fe re n c e  v e rsu s  
th e  s ta n d a rd  h y d ro g e n  e le c tro d e  (as d ed u ced  fro m  a m e a su re m e n t a g a in s t a 
re v e rs ib le  h y d ro g e n  e le c tro d e  -  i.e. P t w ire ) w as c o n tin u o u s ly  m o n ito re d  w ith  
in c re a s in g  te m p e ra tu re . C o m p arin g  th e o re tic a l an d  e x p e r im e n ta l v a lu e s  
v e r if ie d  th e  re l ia b il i ty  and  in te g rity  o f  th e  e lec tro d e .
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T h e  c o rre la tio n  fo r  c o rre c tin g  th e  m e a su re d  p o te n tia l  v e rsu s  th e  
A g /A g C l re fe re n c e  e le c tro d e  o n to  th e  s ta n d a rd  h y d ro g e n  e le c tro d e  sc a le  (S H E ) 
w as d e te rm in e d . A  c o rre c tio n  p o te n tia l, E*, w as p u rp o s e d  b y  c o m p a rin g  th e  
m e a su re d  A g /A g C l e le c tro d e  p o te n tia l w ith  th e  th e o re t ic a l ly  c a lc u la te d  v a lu e  
to  a c c o u n t fo r  l iq u id  ju n c t io n  p o te n tia l (L JP ), th e rm a l liq u id  ju n c t io n  p o te n tia l 
(T L JP ), an d  a ll p o te n tia ls  d u e  to  te m p e ra tu re  e ffe c ts . T h e  c o rre c te d  p o te n tia l 
w as  e v a lu a te d  b y  th e  p o te n tia l  m e a su re m e n t o f  a c a rb o n  s te e l c o u p o n  a g a in s t 
th e  A g /A g C l re fe re n c e  e le c tro d e .
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