
CHAPTER I 
INTRODUCTION

C o r r o s io n  o f  s te e l is  a p ro b lem  w h ic h  is  c o m m o n ly  fo u n d  in m an y  in d u s
tr ies, in c lu d in g  th e p e tr o le u m  and p e tro ch em ica l in d u str ies . C o r r o s io n  in  in d u str ia l 
s tee l p ip e s  and  v e s s e l  w a lls  ca u se s  w a ll th in n in g . W all th in n in g  o c c u r s  b y  F lo w  A c 
ce lera ted  C o r r o s io n  (F A C ) in s id e  the p ip e s  w h ich  h a v e  f lo w  o f  w a ter  or  stea m . T h is  
w a ll th in n in g  w ill  be the c a u se  o f  red u ced  plant e f f ic ie n c y  and  sa fe ty  p ro b lem s. T o  
p reven t d a m a g e s  and lo s s  from  th is  p r o c e ss , m an y  o r g a n iz a tio n s  crea ted  d e v ic e s  for  
m o n ito r in g  th e  c o rr o sio n .

O n e  ty p e  o f  th e  d e v ic e  is a H y d r o g e n  E ffu s io n  P rob e, FIEP, w h ic h  m o n ito rs  
the in s id e  w a ll th in n in g  b y  m ea su r in g  the q u an tity  o f  h y d r o g e n  w h ic h  e f fu s e s  
th rou gh  th e p ip e  w a ll. T h e  a to m ic  h y d ro g en , p ro d u ced  b y  th e c o r r o s io n  (o x id e  fo r 
m a tio n ) r ea c tio n  at th e  p ip e  inner su r fa ce , e f fu s e s  th rou gh  the p ip e  w a ll and form s  
m o le c u la r  h y d r o g e n  or I E . T h e  rate o f  h y d ro g en  e f fu s e  th ro u gh  th e p ip e  w a ll is re la t
ed  to th e  rate o f  m eta l lo s s  b y  the c o rr o sio n . T h is re la tio n  can  b e u sed  to c a lc u la te  the  
w a ll th in n in g  rate. O th er a d v a n ta g e s  o f  th is  H E P  are it is  o n lin e  c o r r o s io n  m o n ito r in g  
and it is  n o n -in tr u s iv e  d e v ic e .

T h e  C en ter  for N u c le a r  E n erg y  R esea rch , C N E R , h a s d e v e lo p e d  a H E P  in 
stru m en t for  m o n ito r in g  th e  rate o f  co rr o sio n . T h e in itia l p u rp o se  o f  th is  in stru m en t is  
for m e a su r in g  th e rate o f  co rr o s io n  o n  the in s id e  o f  n u c lea r  reactor  feed er  p ip es . 
H o w e v e r , th is  in stru m en t can  a lso  b e  u sed  in other in d u str ies  in c lu d in g  the p etro leu m  
and p e tr o c h e m ic a l in d u stry .

T h e  im p ortan t a sp e c t  o f  H E P  is  h o w  w e ll that h y d r o g e n  ca n  e f fu se  th ro u gh  
th e  p ip e  w a ll . P r e v io u s  s tu d ie s  ab ou t th e  fu n d am en ta l p r in c ip le s  and  transport o f  h y 
d ro g en  th ro u g h  a  carb o n  s te e l p ip e  from  F A C  h av e  b e e n  carried  o u t at C N E R . A n 
o th er p ro b lem  w h ic h  n e e d s  a tten tio n  is th e  e f fe c ts  o f  air ( o x y g e n )  w ith in  the cu p  in 
sta lled  on  th e  v e s s e l  (or p ip e )  su rfa ce  w h ic h  c o l le c t s  th e  h y d ro g en . O x y g e n  can  react  
w ith  iron ( in  s te e l)  to  form  iron  o x id e s  w h ic h  red u ces th e  e f fu s io n  o f  h y d ro g en  in to  
th e  m ea su r in g  d e v ic e .

M a n y  p r e v io u s  s tu d ie s  (P ig g o tt  and S ia r k o w sk i 19 72 ; P y u n  and O rian i 
1989; B r u z z o n i, C arran za et al. 1 9 9 9 ) s h o w  that th e  iron  o x id e  f i lm s  o n  the s te e l sur-
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face  w il l  act as barrier for  h y d ro g en  d iffu s io n . O n e  literatu re s tu d y  (S C H O M B E R G  
and G R A B K E  1 9 9 6 )  su g g e s te d  that iron o x id e  f i lm s  w ill  in h ib it  th e  ad so rp tio n  o f  
h y d r o g e n  o n  the m eta l su rfa ce  w h ic h  in h ib its  the d is s o c ia t io n  to  a to m ic  h y d ro g en  
required  for d if fu s io n  th ro u gh  a m eta l w a ll. M o st s tu d ie s  h av e  b e e n  on  the d if fu s io n  
o f  th e  H 2 at the en tra n ce  p h ase  but m u ch  le s s  for the e x it  p h ase .

T h e  p u rp o se  o f  th is  research  is  to d e term in e  the e f fe c t  o f  o x id e  ty p e  and  
th ic k n e ss  o n  the e x it  s id e  on  the d if fu s io n  o f  h y d r o g e n  th ro u gh  s te e l m em b ra n es. It 
in c lu d e s  a d e term in a tio n  o f  the ty p e  o f  o x id e  that w ill  form  o n  th e  m em b ra n es  and  
ch a ra c ter is tic s  o f  th e se  o x id e  film s . T h e  rate o f  o x id e  fo rm a tio n  o n  th e  v e s s e l  su rfa ce  
w ill b e  d e term in ed  fro m  the w e ig h t  g a in  on  the m em b ra n es , th e  d e c r e a se  in  p ressu re  
w ith in  a  c a v ity  and d irec t m ea su rem en t from  S E M  after th e  e x p e r im e n ts  are c o m 
p leted .
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