
R E S U L T S  A N D  D IS C U S S IO N
CHAPTER IV

4.1 T he S en sitiv ity  o f  In p u t V ariab les

T h e  m o d e l  fo r  t h in n in g  o f  o u t le t  f e e d e r s  w a s  d e v e lo p e d  b y  m a n y  

r e s e a r c h e r s  (J o h a r i ,  1 9 9 4 ;  a n d  L a n g , 2 0 0 0 )  fo r  a  b e t te r  u n d e r s t a n d in g  a n d  

c h a r a c t e r iz in g  th e  t h in n in g  p h e n o m e n a  o f  o u t l e t  f e e d e r s .  T h e r e  a r e  m a n y  

v a r ia b le s  in  t h e  m o d e l  a f f e c t in g  t h e  t h in n in g  o f  f e e d e r s .  T a b le  4 .1  s h o w s  th e  

e f f e c t  o f  s u c h  v a r ia b le s  o n  t h e  c o r r o s io n  r a te  p r e d ic t e d  b y  th e  m o d e l  fo r  th e  

S 0 8  o u t l e t  f e e d e r  a t a  p H  o f  1 0 .2 .  F r o m  o b s e r v a t io n s ,  it  w a s  f o u n d  th a t  th e  

c o r r o s io n  r a te  o f  s o 8 i s  a b o u t  110  p m /y r  w i t h  a n  o x id e  la y e r  t h ic k n e s s  o f  0.8 p  

m . T h e  c o n d i t io n s  o f  b a s e  c a s e  fo r  S 0 8  a r e  p r e s e n t e d  in  a p p e n d ix  A .
F r o m  T a b le  4 . 1 ,  it w a s  f o u n d  th a t  th e  m a g n e t i t e  s o lu b i l i t y  h a s  a  s m a llร

e f f e c t  o n  c o r r o s io n  r a te . T h e  a c t iv a t io n  e n e r g y  o f  t h e  F e  to  F e 2+ r e a c t io n  o n  

th e  c o r r o s io n  r a te  s ig n i f i c a n t ly .  I f  t h is  f r e e  e n e r g y  o f  a c t iv a t io n  w a s  l o w ,  th e  

m e ta l  c o u ld  b e  c o n v e r t e d  in t o  f e r r o u s  io n s  m o r e  e a s i l y  a n d  t h e  c o r r o s io n  r a te  

w a s  s ig n i f i c a n t ly  in c r e a s e d .  I f  th e  fr e e  e n e r g y  o f  a c t iv a t io n  fo r  c o n v e r t in g  

fe r r o u s  i o n s  in t o  m a g n e t i t e  w a s  r e d u c e d ,  th e  c o n v e r s io n  o f  t h e  ir o n s  to  

m a g n e t i t e  in c r e a s e d  a n d  th e  o x id e  la y e r  b e c a m e  t h ic k e r  r e d u c in g  t h e  c o r r o s io n  

r a te  h ig h .  F r o m  E q .2 .7 ,  it  is  f o u n d  th a t  l o c a l  s o lu b i l i t y  o f  m a g n e t i t e  v a r ie d  

w it h  H 2 c o n c e n t r a t io n  t o  th e  1 /3  p o w e r  a c c o r d in g  t o  E q . 4 . 1 .

( 4 . 1 )

w h e r e  [ C eq] =  m a g n e t i t e  s o lu b i l i t y
[ H 2] =  H 2 c o n c e n t r a t io n .
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T ab le  4.1 T h e  e f f e c t  o f  in p u t  v a r ia b le s .

I n p u t C o r r o s io n  R a t e  
( m n /y r )

B a s e  c a s e 110
I n le t  s e c t i o n  s o lu b i l i t y  ( d o u b le ) 1 1 7
I n le t  s e c t i o n  s o lu b i l i t y  ( h a l f ) 1 0 7
O u t le t  s e c t i o n  s o lu b i l i t y  ( d o u b le ) 110
O u t le t  s e c t i o n  s o lu b i l i t y  ( h a l f ) 1 0 7
T h e  d i f f e r e n c e  b e t w e e n  in le t  s e c t i o n  s o lu b i l i t y  
a n d  o u t l e t  s e c t i o n  s o lu b i l i t y  ( d o u b le ) 1 0 9
T h e  d i f f e r e n c e  b e t w e e n  in le t  s e c t i o n  s o lu b i l i t y  
a n d  o u t l e t  s e c t i o n  s o lu b i l i t y  ( h a l f ) 1 0 9
F r e e  e n e r g y  o f  a c t iv a t io n  fo r  F e = F e 2++ 2 e ‘ 
( d o u b le )

0

F r e e  e n e r g y  o f  a c t iv a t io n  fo r  F e = F e 2++ 2 e ‘ 
( h a l f )

6 5 9

F r e e  e n e r g y  o f  a c t iv a t io n  fo r  F e 0 H = F e 30 4 
( d o u b le )

101

F r e e  e n e r g y  o f  a c t iv a t io n  fo r  F e 0 H = F e 30 4 
( h a l f )

1 0 4

F r e e  e n e r g y  o f  a c t iv a t io n  fo r  F e 2+=  F e 30 4 
( d o u b le )

1 0 4

F r e e  e n e r g y  o f  a c t iv a t io n  fo r  F e 2+=  F e 30 4 
( h a l f )

2 9

F r e e  e n e r g y  o f  a c t iv a t io n  fo r  แ += แ 2 ( d o u b le ) 2 7
F r e e  e n e r g y  o f  a c t iv a t io n  fo r  H +Z= H 2 ( h a l f ) 1 12
O u t le t  in n e r  o x id e  p o r o s i t y  ( d o u b le ) 1 4 0
O u t le t  in n e r  o x id e  p o r o s i t y  ( h a l f ) 7 2
O u t le t  in n e r  o x id e  s p a l l in g  C o n s t a n t  ( d o u b le ) 7 3
O u t le t  in n e r  o x id e  s p a l l in g  C o n s t a n t  ( h a l f ) 1 4 9
D i s s o l u t i o n  r a te  c o n s t a n t  ( d o u b le ) 1 3 9
D i s s o l u t i o n  r a te  c o n s t a n t  ( h a l f ) 7 5

I f  h y d r o g e n  e v o lu t io n  w a s  r e d u c e d  t h e  m a g n e t i t e  s o lu b i l i t y  w a s  

d e c r e a s e d .  T h e r e f o r e ,  t h e  d r iv in g  f o r c e  fo r  d i s s o lu t io n  w a s  r e d u c e d  a n d  th e  

c o r r o s io n  r a te  w a s  d e c r e a s e d  a s  i l lu s tr a t e d  in  T a b le  4 . 1 .  T h e s e  a c t iv a t io n  

e n e r g ie s  a f f e c t  th e  p o t e n t ia l  w h ic h  fu r th e r  in f lu e n c e s  th e  l o c a l  s o lu b i l i t y .
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P o r o s i t y  i s  a  p r o p e r ty  o f  th e  o x id e  th a t  a f f e c t e d  s p e c i e s  d i f f u s io n  

th r o u g h  o x id e  la y e r .  P o r o s i t y  e n h a n c e s  d i f f u s io n  b o t h  in w a r d s  a n d  o u tw a r d s  

o f  s p e c i e s  t r a n s fe r r e d . A  h ig h  p o r o s i t y  g iv e s  a  h ig h  c o r r o s io n  r a te , s o  

c o r r o s io n  r a te  in c r e a s e d  w i t h  p o r o s i t y .  T h e r e f o r e ,  c o r r o s io n  r a te  o f  f e e d e r  

S 0 8  in c r e a s e d  f r o m  1 1 0  p m /y r  t o  1 4 0  p m /y r  w h e n  p o r o s i t y  w a s  d o u b le  

in c r e a s e d  ( T a b le  4 .1 ) .
S p a l l in g  c o n s t a n t  d e t e r m in e s  s p a l l in g  t im e  a s  m e n t io n e d  in  E q .3 .4 0  

a n d  3 .4 1 .  A  h ig h  s p a l l in g  c o n s t a n t  in c r e a s e s  s p a l l in g  t im e  a n d  r e d u c e s  t h e  ra te  

o f  p a r t ic le s  s h e a r in g  o f  f r o m  th e  s u r f a c e .  T h is  c a u s e s  a  d e c r e a s e  in  c o r r o s io n  

r a te . C o r r o s io n  r a te  o f  f e e d e r  n a m e d  S 0 8  r e d u c e d  f r o m  1 1 0  p m /y r  t o  7 3  p m /y r  

( T a b le  4 .1 ) .
D i s s o l u t i o n  is  o n e  o f  th e  im p o r ta n t  m e c h a n i s m s  o f  c o r r o s io n .  It 

d e p e n d s  o n  t h e  d i s s o lu t io n  r a te  c o n s t a n t  a n d  th e  d i f f e r e n c e  in  c o n c e n t r a t io n  a t  

th e  s u r f a c e  a n d  t h e  m a g n e t i t e  s o lu b i l i t y .  T h e  d i s s o lu t io n  r a te  c o n s t a n t  

r e p r e s e n t s  t h e  a b i l i t y  o f  m a g n e t i t e  t o  d i s s o l v e  in to  th e  s o lu t io n .  T h e  v a lu e  o f  

t h is  c o n s t a n t  d e p e n d s  o n  te m p e r a tu r e  a n d  p H  a n d  w a s  d i s c u s s e d  in  s e c t i o n
3 .2 .7 .

4.2 Application of the Model to the Wire Probe

D a t a  h a v e  b e e n  o b t a in e d  o n  w ir e  p r o b e s  in  t h e  F A C  lo o p  a t th e  

U n iv e r s i t y  o f  N e w  B r u n s w ic k .  O n e  o f  th e  c o n t r o l l e d  v a r ia b le s  s t u d ie d  in  th e  

t e s t  l o o p  w a s  a  p H  v a lu e .  T h e  r e s u lt s  f r o m  e x p e r im e n t s  a r e  s h o w n  in  T a b le
4 .2 .  T h e  d im e n s io n s  o f  w ir e  p r o b e  a n d  f l o w  c o n d i t io n  a r e  s h o w n  in  T a b le  4 .3 .
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Table 4.2 T h e  c o r r o s io n  r a te  o f  w i r e  p r o b e  fr o m  t h e  e x p e r im e n t .

p H C o r r o s io n  r a te  ( p m /y r )

9 .8 1 2 .5

1 0 .4 4 1 .5
1 1 .0 2 4 5

1 1 .4 6 6 0

1 1 .5 5 7 7 0

Table 4.3 D i m e n s i o n  o f  w ir e  p r o b e  a n d  f l o w  c o n d i t io n .

I n n e r  d ia m e t e r  ( c m ) 0 .3 1 6

O u te r  d ia m e t e r  ( c m ) 0 .1 3

H y d r a u l ic  d ia m e t e r  ( c m ) 0 .1 8 6

L e n g t h  o f  n o d e l  ( c m ) 2 .3

L e n g t h  o f  n o d e 2  ( c m ) 2 .7

C o o la n t  v e l o c i t y  ( 0๗ ร) 1 3 0 0

I n le t  t e m p e r a tu r e  ( ๐C ) 2 6 5

O u t le t  t e m p e r a tu r e  ( ° C ) 3 1 0

F r o m  T a b le  4 .2 ,  it  i s  f o u n d  th a t  c o r r o s io n  r a te  o f  f e e d e r  p ip e s  

in c r e a s e d  w i t h  p H  v a lu e .  I t  m a y  b e  c a u s e d  b y  th e  in c r e a s e  in  h y d r o x y l  g r o u p  

th a t  c a n  r e a c t  w i t h  t h e  m e t a l ,  s o  c o r r o s io n  r a te  in c r e a s e d .

4 .2 .1  T h e  E f f e c t  o f  D i s s o l u t i o n  R a t e  C o n s t a n t
T h e r e  i s  a  h y p o t h e s i s  th a t  t h e  d i s s o lu t io n  r a te  c o n s t a n t  v a r ie s  

w it h  p H . T h e  o n ly  d a ta  a v a i la b le  fo r  m a g n e t i t e  d i s s o lu t io n  is  a t a  p H  o f  1 0 .2  

( B a la k r is h n a n ,  1 9 7 7 ) .  T h is  d a ta  w a s  u s e d  w i t h  m a g n e t i t e  s o lu b i l i t y  v a lu e s
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( T r e m a in e  a n d  L e b la n c ,  1 9 8 0 )  t o  o b t a in  t h e  d i s s o lu t io n  r a te  c o n s t a n t  ( k d )  a t a  

p H  o f  1 0 .2  b y  u s i n g  E q .3 .3 5 .  T h e  c a l c u la t io n  i s  i l lu s t r a t e d  in  A p p e n d i x  D .
A  s c a l i n g  fa c to r  ( S F )  w a s  u s e d  fo r  k d  a t v a r io u s  p H  v a lu e s  

b a s e d  o n  t h e  d i s s o lu t io n  r a te  c o n s t a n t  a t a  p H  o f  1 0 .2  t o  o b t a in  t h e  c o r r o s io n  

r a te  a t  o t h e r  p H  v a lu e s .  T h e  r e s u lt s  f r o m  t h is  s tu d y  i s  s h o w n  in  T a b le  4 .4 .

Table 4.4 T h e  s c a l i n g  fa c t o r  fo r  k d  a t e a c h  p H  a n d  p r e d ic t e d  c o r r o s io n  r a te  o f  

w ir e  p r o b e .

p H S c a l in g  fa c t o r  fo r  k d P r e d ic t e d  c o r r o s io n  r a te  ( p  

m /y r )
9 .8 0 .0 0 0 1 5 1 2 .5 4
1 0 .4 0 .3 1 4 1 .3 3

Figure 4.1 E f f e c t  o f  d i s s o lu t io n  r a te  c o n s t a n t  in  t e r m s  o f  s c a l i n g  fa c t o r  o n  

c o r r o s io n  r a te  o f  w ir e  p r o b e  a t a  p H  o f  1 0 .4 .

F r o m  F ig u r e  4 .1 ,  c o r r o s io n  r a te  in c r e a s e s  w i t h  s c a l i n g  fa c to r  

fo r  d i s s o lu t io n  r a te  c o n s t a n t  ( k d). D i s s o l u t i o n  o f  o x id e  la y e r  c a u s e s  d e c r e a s e  

in  th e  o x id e  t h ic k n e s s ,  s o  t h e  p r o t e c t iv e  o x id e  fo r  th e  m e t a l  r e d u c e s .
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Figure 4.2 E f f e c t  o f  d i s s o lu t io n  r a te  c o n s t a n t  in  t e r m s  o f  s c a l i n g  fa c t o r  o n  

c o r r o s io n  r a te  o f  w ir e  p r o b e  a t a  p H  o f  1 1 .4 .

A t  h ig h  p H , c o r r o s io n  r a te  fr o m  t h e  e x p e r im e n t  ( T a b le  4 .2 )  is  

h ig h  a n d  t h e  v a lu e  o f  d i s s o lu t io n  r a te  c o n s t a n t  is  s u p p o s e d  to  b e  h ig h .  F r o m  

F ig u r e  4 .2 ,  a  s c a l i n g  fa c t o r  fo r  d i s s o lu t io n  r a te  c o n s t a n t  w h i c h  g i v e  c o r r o s io n  

r a te  c o r r e s p o n d in g  w i t h  th e  e x p e r im e n t  c a n n o t  b e  d e t e r m in e d  fo r  h ig h  p H .  
A p p a r e n t ly  a s  th e  h ig h  d i s s o lu t io n  r a te  c o n s t a n t  in c r e a s e d  t h e  s o lu t io n  

b e c o m e s  s a tu r a te d  a n d  th e  r e a c t io n  r e v e r s e s .  A  t h ic k  o x id e  la y e r  p r o t e c t s  th e  

m e ta l  s u r f a c e  f r o m  c o r r o s io n .  F ig u r e  4 .1 ,  in d ic a t e s  t h e  c o r r o s io n  r a te  

in c r e a s e s  r a p id ly  w i t h  a n  in c r e a s e  in  d i s s o lu t io n  r a te  c o n s t a n t  in i t ia l ly  

f o l l o w e d  b y  a  r e d u c t io n  in  t h e  r a te  o f  in c r e a s e .
F ig u r e s  4 .3  t o  4 .5  p r e s e n t  th e  o x id e  la y e r  t h ic k n e s s  p r o f i l e  a t 

v a r io u s  d i s s o lu t io n  r a te  c o n s t a n t s  b y  u s in g  s c a l i n g  fa c t o r  f o r  d i s s o lu t io n  r a te  at 

p H  o f  1 0 .2 .
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2 0 0 0  4 0 0 0  6 0 0 0
T im e  (h o u r s )

8๓0 10๓0 12๓0
- Inner Oxide Outer Oxide

Figure 4 .3  O x id e  t h ic k n e s s  p r o f i l e  w i t h  s c a l in g  fa c t o r  0 .5  fo r  k d  a t p H  o f  

10.2 .

2 0 0 0  4 0 0 0  6 0 0 0  8 0 0 0
T im e  (h o u r s )

0000 12000
- Inner Oxide 
Outer Oxide

Figure 4.4 O x id e  t h ic k n e s s  p r o f i l e  w i t h  s c a l in g  fa c t o r  1.0 f o r  k d  a t  p H  o f  

10.2.
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T i r n ^ )  t S S
Figure 4.5 O x id e  t h ic k n e s s  p r o f i l e  w i t h  s c a l i n g  fa c t o r  5 fo r  k d a t p H  o f  1 0 .2 .

F ig u r e  4 .3 ,  in d ic a te ^  t h e  o x id e  t h ic k n e s s  in c r e a s e s  w i t h  t im e  

a n d  a c h i e v e s  a  c o n s t a n t  v a lu e  a t l o n g e r  e x p o s u r e  t im e s .  O x id e  l a y e r  s t a b i l i z e d  

at a b o u t  4  p m ,  fo r  th is  c a s e .  A  h ig h  d i s s o lu t io n  r a te  in c r e a s e s  m a g n e t i t e  g o in g  

in to  s o lu t io n  a n d  y i e ld s  a  t h in  o x id e  la y e r ,  a s  F ig u r e  4 .4  a n d  F ig u r e  4 .5 .

4 . 2 .2  T h e  E f f e c t  o f  F r e e  E n e r g y  o f  A c t i v a t io n  fo r  C o r r o s io n  R e a c t io n  

In  t h is  s t u d y ,  t h e  v a lu e s  o f  d i s s o lu t io n  r a te  c o n s t a n t  a t  v a r io u s  

p H  v a lu e s  w e r e  d e t e r m in e d  b y  in t e r p o la t io n  a n d  e x t r a p o la t io n  f r o m  F ig u r e  4 .6 .  
F ig u r e  4 .6 ,  t h is  a v a i la b le  d i s s o lu t io n  r a te  c o n s t a n t  w a s  b a s e d  o n  

B a la k r i s h n a n ’s  w o r k ( 1 9 7 7 )  a n d  T r e m a in e  a n d  L e b l a n c ’s  s o l u b i l i t i e s ( 1 9 8 0 ) .  

T h e  e f f e c t  o f  f r e e  e n e r g y  o f  a c t iv a t io n  fo r  th e  c o r r o s io n  r e a c t io n ( A G * i)  w a s  

v a r ie d  t o  o b t a in  a  c o r r o s io n  r a te  c o r r e s p o n d in g  t o  e x p e r im e n t a l  d a ta , T a b le
4 .2 .
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0 .0 0 ๓  0 .0 ๓ 5  0 .๓ 1 0  0 .๓ 1 5  0 .๓ 2 0  0 .๓ 2 5
0  

-1 
-2 
-3  
-4

• 2  ไG -*>
-6
- ๆ -

-%

♦  pH10.2
1 /T  B p H ll

F i g u r e  4 .6  D i s s o l u t i o n  r a te  c o n s t a n t  a t p H  1 0 .2  a n d  o n e  d a tu m  a t p H l  1.

A s s u m i n g  t h e  s lo p e  o f  th e  c u r v e  fo r  e a c h  p H  is  t h e  s a m e ,  th e  

s lo p e  o f  t h e  c u r v e  i s  a c t iv a t io n  e p e r g y  fo r  th e  d i s s o lu t io n  r e a c t io n .  T h e  

e x p r e s s io n s  fo r  d i s s o lu t io n  r a te  c o n s t a n t  a t p H  o f  9 .8 ,  1 0 .4 ,  1 1 , 1 1 .4 ,  a n d  1 1 .5 5  

a r e  s h o w n  in  E q s .4 .2 ,  4 .3 ,  4 .4  4 .5  a n d  4 .6 ,  r e s p e c t iv e ly .

A t  p H 9 .8 ;  

A t  p H  1 0 .4 ;  

A t  p H l l ;  

A t  p H  1 1 .4 ;

In k ^  =  -  3 5 6 9 /  T  +  0 .2 5 6 9

๒ k d  =

l n k d  -

๒ k d  =

k d =

-  3 5 6 9 /  T  +  0 .0 0 3 5

-  3569/ T  -  0 .2 4 9 7

-  3 5 6 9 / T  -  0 .4 1 8 5

-  3 5 6 9 / T  -  0 .4 8 1 8

( 4 .2 )

( 4 .3 )

( 4 .4 )

( 4 .5 )

A t  p H l l . 5 5 ; ( 4 .6 )
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Table 4 .5  T h e  s c a l i n g  fa c t o r  fo r  kd a t  e a c h  p H  a n d  p r e d ic t e d  c o r r o s io n  r a te  o f  

w ir e  p r o b e .

p H S c a l in g  fa c t o r  fo r  A G *  1 P r e d ic t e d  c o r r o s io n  r a te  ( p  

m /y r )
9 .8 1 .1 0 1 5 1 1 .1
11 0 .8 6 7 5 2 4 4 .7 3

1 1 .4 0 .7 8 6 6 3 .1 3

T h e  r e la t io n  o f  fr e e  e n e r g y  o f  a c t iv a t io n  a n d  c o r r o s io n  r a te  is  

i l lu s tr a t e d  in  F ig u r e  4 .7 .

' g  6 0 0

3  4 0 0

1  200
๐  0
๐  0 . 7 5  1. -  0 . 8 5  -  0 . 9 5  -  . . 1 . 0 5o  S c a l i n g  f a c t o r  f o r  t r e e  e n e r g y  o t  a c t i v a t i o n

Figure 4 .7  T h e  r e la t io n  o f  f r e e  e n e r g y  o f  a c t iv a t io n  a n d  c o r r o s io n  r a te  a t p H  

o f  1 1 .

It i s  s h o w n  th a t  t h e  c o r r o s io n  r a te  d e c r e a s e s  a s  t h e  f r e e  e n e r g y  

o f  a c t iv a t io n  in c r e a s e s .  I f  th e  a c t iv a t io n  e n e r g y  i s  l o w ,  it  i s  e a s y  fo r  th e  

r e a c t io n  t o  t a k e  p la c e ,  t h e r e f o r e ,  th e  c o r r o s io n  r e a c t io n  r a te  in c r e a s e s .
F ig u r e s  4 .8  to  4 .1 0  s h o w  th e  c h a n g e  in  t h e  o x id e  la y e r  

t h ic k n e s s  w i t h  t im e  fo r  v a r io u s  v a lu e s  o f  A G * |.  W h e n  s c a l i n g  f a c t o r  fo r  A G *1 

is  0 .8 ,  th e  o x id e  la y e r  in c r e a s e d  in  t h ic k n e s s  s t e a d i ly  to  a b o u t  6 8 0  p m /y r  at
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1 0 0 0 0  h o u r s .  T h i s  r e s u lt  i s  d i f f e r e n t  f r o m  t h o s e  a t s c a l i n g  fa c t o r  fo r  A G *1 o f  1 

a n d  1 .1 ,  F ig u r e s  4 .9  a n d  4 .1 0 .  T h e  o x id e  t h ic k n e s s  w a s  2 .4  |um  a n d  0 .6  p m  a t  

s c a l in g  f a c t o r s  o f  A G * 1 1 a n d  1 .1 , r e s p e c t iv e ly .

0  2 0 0 0  4 0 0 0  6 0 0 0  8 0 0 0  1 0 0 0 0  1 2 0 0 0
T i m e  ( h o u r s )  r—7 - - — ——

♦  i n n e r  O x i d e  U O u l c r  O x i d e

Figure 4.8 T h e  o x id e  t h ic k n e s s  p r o f i l e  w i t h in  1 0 0 0 0  e x p o s u r e  h o u r s  w i t h  

s c a l i n g  f a c t o r  fo r  A G *! i s  0 -8 .

T i m e  ( h o u r s )  :

Figure 4 .9  T h e  o x id e  t h ic k n e s s  p r o f i l e  w i t h in  1 0 0 0 0  e x p o s u r e  h o u r s  w i t h  

s c a l in g  fa c t o r  fo r  A G *1 i s  1.
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0 2๓0 4 0 0 0  6 ๓ 0

T im e  (h o u rs)

8๓0 1๓00 12000
In n er  O x id e  
O u ter  O x id e

Figure 4.10 T h e  o x id e  t h ic k n e s s  p r o f i l e  w i t h i n  1 0 0 0 0  e x p o s u r e  h o u r s  w i t h  

s c a l in g  f a c t o r  f o r  A G *1 i s  1 .1 .

4 . 2 .2  T h e  E f f e c t  o f  M a s s  T r a n s fe r  C o e f f i c i e n t
T h e  m a s s  tr a n s fe r  c o e f f i c i e n t  f o r  d i s s o lv e d  ir o n  f r o m  th e  

o x id e / s o l u t i o n  in t e r f a c e  t o  t h e  b u lk  s o lu t io n  i s  e v a lu a t e d  b y  E q .3 .3 7 .  T o  ร ณ d y  

t h e  e f f e c t ,  t h e  s c a l in g  f a c t o r  f o r  m a s s  tr a n s fe r  c o e f f i c i e n t  w a s  u s e d .  T h e  r e s u lt  

i s  s h o w n  in  T a b le  4 . 6  a n d  F ig u r e  4 .1 1 .
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T a b l e  4 .6  The effect of mass transfer coefficient (h) on corrosion rate.

Scaling factor for h Corrosion rate ( // m/yr)
0.001 13.93
0.005 18.58

0 . 0 1 19.97
0.05 25.08

0.1 40.40
0.5 85.91

1 108.66
5 126.31

1 0 102.63
2 0 101.23
50 126.77

1 0 0 135.60

For a low mass transfer coefficient, the resistance of mass loss 
is high. Therefore, the corrosion rate was low. The corrosion rate increased 
with mass transfer coefficient.

The oxide thickness affected by mass transfer coefficient is 
shown in Figures 4.11 and 4.12.
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F i g u r e  4 .1 1  The oxide thickness profile with scaling factor for mass transfer 
coefficient was 0 .0 1 .

2000 4000 6300
T im e  ( h o u r s

8000 10000 13300
■ ^.-ImrQgfe 

0 QterOddb

F i g u r e  4 .1 2  The oxide thickness profile with scaling factor for mass transfer 
coefficient was 1 .

Figure 4.11 indicates that there is an inner and outer oxide layer. 
Plant data indicates no outer oxide layer on outer oxide thickness in the outlet 
feeders because of FAC effect. In this case, mass transfer coefficient was low, 
and allows accumulation of dissolved iron at the oxide surface. The 
concentration at the oxide surface increased to saturation, precipitation of 
oxide occurs. This does not occur in the plant from the observation. When
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th e  m a s s  t r a n s fe r  c o e f f i c i e n t  w a s  in c r e a s e d  in  F ig u r e  4 .1 2 ,  t h e r e  w a s  n o  o u te r  

o x id e  la y e r  a n d  t h e  in n e r  o x id e  t h ic k n e s s  f lu c t u a t e s  d u e  t o  t h e  e r o s i o n  a n d  s o  

d o e s  F ig u r e  4 .1 1  b u t  o n  a  d i f f e r e n t  s c a le .

4.3 Application of the Model to the Tube Probe

T h e r e  i s  th e  h y p o t h e s i s  th a t  t h e  d i s s o lu t io n  r a te  c o n s t a n t  c h a n g e s  w i t h  

p H . T h e  p u r p o s e  o f  t h is  s t u d y  w a s  t o  in v e s t i g a t e  t h is  h y p o t h e s i s .  T h e  e f f e c t  

o f  t h e  s p a l l i n g  c o n s t a n t  o n  o x id e  t h ic k n e s s  i s  a l s o  d i s c u s s e d  in  t h is  s e c t io n .  
T h e  c o r r o s io n  r a te  o f  t h e  t u b e  p r o b e s  fo r  v a r io u s  p H  v a lu e s  i s  p r e s e n t e d  in  

T a b le  4 .7 .  T h e  s c a l i n g  fa c to r  fo r  th e  d i s s o lu t io n  r a te  c o n s t a n t  ( b a s e d  o n  k d a t  

p H  o f  1 0 .2 )  w a s  u s e d .  T h e  r e s u lt s  f r o m  t h e  p r e d ic t io n  o f  c o r r o s io n  r a te  fo r  th e  

tu b e  p r o b e  a t  v a r io u s  p H  v a lu e s  i s  p r e s e n t e d  in  T a b le  4 .8 .

*Table 4.7 T h e  c o r r o s io n  r a te  o f  tu b e  p r o b e  ( lO m /s )  f r o m  t h e  e x p e r im e n t .

p H C o r r o s io n  r a te  ( p m /y r )

9 .8 1 1 .3
1 0 .4 2 1 .5

1 1 .0 5 7

1 1 .4 1 8 3

1 1 .5 5 2 3 3
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T a b l e  4 .8  T h e  s c a l i n g  fa c t o r  fo r  k d  a t  e a c h  p H  a n d  p r e d ic t e d  c o r r o s io n  

r a te  o f  t u b e  p r o b e .

p H S c a l in g  fa c to r  fo r  kd P r e d ic t e d  c o r r o s io n  r a te  ( p  

m /y r )
9 .8 0 .0 0 0 1 5 8 1 1 .3

1 0 .4 0 .0 0 0 6 4 2 1 .5
11 1 4 .5 5 7 .5

F r o m  T a b le  4 .8 ,  it  is  o b s e r v e d  th a t  a  l o w  d i s s o lu t io n  r a te  c a u s e d  a  l o w  

c o r r o s io n  r a te . A t  h ig h  p H , t h e  d i s s o lu t io n  r a te  s h o u ld  b e  h ig h  t o  o b t a in  h ig h  

c o r r o s io n  r a te s  c o r r e s p o n d in g  w i t h  t h e  e x p e r im e n t a l  d a ta . H o w e v e r ,  a  h ig h  

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

p h e n o m e n o n  p r o d u c e d  b y  e r o s io n .  T h e r e f o r e ,  t h e  c o r r o s io n  r a te  a t h ig h  p H  

c o u ld  n o t  b e  p r e d ic t e d  r e l ia b ly .
A t  l o w  p H  a n d  l o w  c o r r o s io n  r a te , th e  o x id e  la y e r  w a s  t h ic k  a n d  

c o n s t a n t ,  F ig u r e  4 .1 3 .  W h e n  t h e  d i s s o lu t io n  r a te  w a s  in c r e a s e d ,  t h e  s p a l l in g  

e f f e c t  b e c a m e  im p o r ta n t .  T h e r e f o r e ,  t h e  f lu c t u a t io n  o f  o x id e  t h ic k n e s s  

o c c u r r e d , F ig u r e  4 .1 4 .
T h e  e f f e c t  o f  d i s s o lu t io n  r a te  c o n s t a n t  o n  t h e  c o r r o s io n  r a te  o f  b o t h  th e  

w ir e  p r o b e  a n d  tu b e  p r o b e  w a s  s im i la r .  I t  c a n  b e  c o n c lu d e d  th a t  t h e  c o r r o s io n  

r a te  in c r e a s e s  w i t h  a n  in c r e a s e  in  t h e  d i s s o lu t io n  r a te  c o n s t a n t .  A  h ig h  

d i s s o lu t io n  r a te  c a u s e s  h ig h  c o r r o s io n  r a te  a n d  a  t h in  o x id e  la y e r .



84

0  2 0 ๓  4 0 ๓  6 0 ๓  8 0 ๓  1 0 0 ๓  1 2 0 ๓
4  Irma-Oxide

T im e (hours) 0 Outer Oxide

F i g u r e  4 . 1 3  T h e  o x id e  t h ic k n e s s  p r o f i l e  o f  tu b e  p r o b e  w i t h  s c a l i n g  fa c t o r  fo r  
k d 0 .0 0 0 6 4 .

0  2 0 ๓  4 0 ๓  6 0 ๓  8 0 ๓  1 0 0 ๓  1 2 0 ๓
~  ร , .  _ 4 _  Inner Oxide
T im e (hours) Q O u ta  Oxide

F i g u r e  4 .1 4  T h e  o x id e  t h ic k n e s s  p r o f i l e  o f  tu b e  p r o b e  w i t h  s c a l i n g  fa c t o r  fo r  

kd 1.

T o  s t u d y  t h e  e f f e c t  o f  in n e r  la y e r  s p a l l in g  c o n s t a n t ,  t h e  s c a l i n g  fa c to r  

fo r  th e  s p a l l i n g  c o n s t a n t  ( b a s e d  o n  t h e  s p a l l in g  c o n s t a n t  fo r  f e e d e r  S 0 8 ,  th e  

v a lu e  w a s  a t t a c h e d  in  a p p e n d ix  A )  w a s  u s e d .  T h e  e f f e c t  o f  s p a l l i n g  c o n s t a n t  

o n  o x id e  la y e r  t h ic k n e s s  is  i l lu s tr a t e d  in  F ig u r e s  4 .1 5  t o  4 .1 7 .
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F i g u r e  4 .1 5  T h e  o x id e  t h ic k n e s s  p r o f i l e  o f  tu b e  p r o b e  w i t h  s c a l i n g  fa c t o r  fo r
s p a l l in g  c o n s t a n t  o f  0 .0 0 1 .

IrrerOdck
T * r e (k u s  0  QterQdcfe

F i g u r e  4 .1 6  T h e  o x id e  t h ic k n e s s  p r o f i l e  o f  tu b e  p r o b e  w i t h  s c a l i n g  fa c t o r  fo r  

s p a l l in g  c o n s t a n t  o f  0 .1 .
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Figure 4.17 T h e  o x id e  t h ic k n e s s  p r o f i l e  o f  tu b e  p r o b e  w i t h  s c a l i n g  fa c t o r  fo r  

s p a l l in g  c o n s t a n t  a t 1 0 .

F ig u r e s  4 .1 5  t o  4 . 1 7  d e m o n s t r a t e  th a t  i f  t h e  s p a l l i n g  c o n s t a n t  i s  l o w ,  
th e  t im e  fo r  a n  e r o s io n  e v e n t  i s  s h o r t . It is  e a s y  fo r  a  p a r t ic le  t o  s p a l l  o f f  th e  

s u r f a c e .  T h e r e f o r e ,  t h e  c o r r o s io n  r a te  i s  h ig h  a n d  t h e  o x id e  la y e r  i s  th in .

4.4 The Effect of Outer Oxide Layer on H2 Diffusion
T h e r e  w a s  a  h y p o t h e s i s  th a t  o u te r  o x id e  la y e r  a f f e c t s  H 2  d i f f u s io n  th r o u g h  

o x id e  f i lm .

Table 4 .9  T h e  c o r r o s io n  r a te  a n d  o x id e  t h ic k n e s s  o f  f e e d e r  S 0 8  w i t h  a n d  

w it h o u t  o u t e r  la y e r  e f f e c t  o n  H 2 d i f f u s io n .

C o r r o s io n  r a te  ( p m /y r ) O x id e  t h ic k n e s s  ( p m )
W it h o u t  o u te r  la y e r  

e f f e c t

1 1 0 .2 0 .7 6

W ith  o u te r  la y e r  e f f e c t 1 0 9 .5 0 .8 0
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T h e  a b o v e  t a b le  in d ic a t e s  th a t  th e r e  i s  n o  s ig n i f i c a n t  e f f e c t  o f  o u te r  

o x id e  la y e r  o n  H 2 d i f f u s io n .  T h e  c o r r o s io n  r a te s  f o r  b o t h  c a s e s  in  T a b le  4 .9  

w e r e  s im i la r .  T h e  e x p r e s s i o n  fo r  น 2 d i f f u s io n ,  E q .3 .2 8  c a n  b e  r e w r it t e n  a s  

E q .4 .7 .

5 . 6 6 x l ( T 4 ^ ( 7 . 3 2 - * S ) = -------C ” > ~ c - '  ( 4 .7 )

* 1 ),

4.5 The Effect of Porosity on Corrosion Rate

P o r o s i t y  i s  a  p r o p e r ty  o f  t h e  o x id e  th a t  a f f e c t s  s p e c i e s  tr a n sp o r t  

th r o u g h  th e  o x id e  f i lm .  T h e r e  a r e  t w o  la y e r s  o f  o x id e  w h ic h  h a v e  d i f f e r e n t  

v a lu e s  o f  p o r o s i t y .  T h e  o u te r  la y e r  c o m m o n l y  h a s  a  h ig h e r  p o r o s i t y  th a n  th e  

in n e r  la y e r .
T h is  s t u d y  w a s  d iv id e d  in t o  th r e e  p a r ts:  l ) t h e  e f f e c t  o f  in n e r  p o r o s i t y ,

2 ) t h e  e f f e c t  o f  o u te r  p o r o s i t y  a n d  3 ) t h e  e f f e c t  o f  o u te r  p o r o s i t y  a n d  in n e r  

p o r o s i t y .
T o  s t u d y  t h e  e f f e c t  o f  in n e r  p o r o s i t y ,  th e  o u t e r  p o r o s i t y  w a s  f i x e d  a t  

v a lu e  o f  0 .3  a n d  in n e r  p o r o s i t y  w a s  v a r ie d .  T h e  c o r r o s io n  r a te  a n d  o x id e  

t h ic k n e s s  o f  f e e d e r  s o 8 w i t h  1 0 0 0 0  e x p o s u r e  h o u r s  a r e  p r e s e n t e d  in  T a b le
4 .1 0 .
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T a b l e  4 .1 0  C o r r o s io n  r a te  a n d  o x id e  t h ic k n e s s  w h e n  o u t e r  p o r o s i t y  w a s  0 .3 .

I n n e r  p o r o s i t y C o r r o s io n  R a te  ( p m /y r ) O x id e  t h ic k n e s s  ( p m )
0 .0 0 3 1 3 .9 6 .5
0 .0 1 5 2 7 .4 2
0 .0 3 4 4 .6 0 .7
0 .1 1 0 9 .1 0 .1 5
0 .3 1 0 5 .9 0 .0 2

It i s  o b s e r v e d  th a t  c o r r o s io n  r a te  in c r e a s e d  w i t h  in n e r  p o r o s i t y ,  w h i l e  

th e  o x id e  t h ic k n e s s  d e c r e a s e d .  A  h ig h  in n e r  p o r o s i t y  p r o v id e s  m o r e  s p a c e  fo r  

th e  d i s s o lv e d  ir o n  d i f f u s in g  o u t w a r d s .  T h is  in c r e a s e s  t h e  c o r r o s io n  r a te .
T h e  e f f e c t  o f  o u te r  p o r o s i t y  w a s  s t u d ie d  w i t h  in n e r  p o r o s i t y  f i x e d  a t

0 .1 .  T h e  c o r r o s io n  r a te  a n d  o x id e  t h ic k n e s s  o f  S 0 8  w i t h in  e x p o s u r e  t im e  o f  

1 0 0 0 0  h o u r s  a r e  r e p o r te d  in  T a b le  4 .1 1 .

T a b l e  4 .1 1  C o r r o s io n  r a te  a n d  o x id e  t h ic k n e s s  w h e n  in n e r  p o r o s i t y  w a s  0 .1 .

O u te r  p o r o s i t y C o r r o s io n  R a te  ( p m /y r ) O x id e  t h ic k n e s s  ( p m )

0 .1 1 1 5 .2 0 .2
0 .2 9 8 .4 0 .2
0 .3 1 0 9 .1 0 .2

0 .5 1 0 5 .4 0 .2
0 .7 1 0 2 .2 0 .2
0 .9 1 1 6 .6 0 .2

T a b le  4 .1 1  in d ic a t e s  th a t  th e  o u te r  o x id e  la y e r  d id  n o t  a f f e c t  th e  

c o r r o s io n  r a te  a n d  t h e  o x id e  la y e r  t h ic k n e s s .  C o r r o s io n  r a te s  a t d i f f e r e n t  o u te r  

la y e r  p o r o s i t y  w e r e  s im i la r .
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T h e  e f f e c t  o f  b o t h  in n e r  a n d  o u te r  p o r o s i t y  w a s  s t u d ie d  b y  f i x in g  th e  

r a t io  o f  o u t e r  p o r o s i t y  t o  in n e r  p o r o s i t y  a t 1 0 . T h e  r e s u lt s  w e r e  s h o w n  in  T a b le  
4 .1 2 .

Table 4.12 C o r r o s io n  r a te  a n d  o x id e  t h ic k n e s s  w h e n  t h e  r a t io  o f  o u te r  

p o r o s i t y  t o  in n e r  p o r o s i t y  w a s  1 0 .

O u te r  p o r o s i t y I n n e r  p o r o s i t y C o r r o s io n  r a te  ( p  

m /y r )
O x id e  t h ic k n e s s  ( p m )

0 .1 0 .0 1 2 0 .9 3 .5
0 .2 0 .0 2 3 3 .9 1 .3
0 .3 0 .0 3 4 4 .6 0 .7
0 .5 0 .0 5 6 9 .7 0 .3 5
0 .7 0 .0 7 9 7 .5 0 .2
0 .9 0 .0 9 9 3 .8 0 .2

T a b le  4 .1 2  in d ic a t e s  th a t  th e  c o r r o s io n  r a te  in c r e a s e d  w i t h  t h e  v a lu e s  

o f  in n e r  a n d  o u te r  p o r o s i t y .  H o w e v e r ,  th e  p o r o s i t y  o f  th e  in n e r  o x id e  la y e r  is  

c o n t r o l l in g  s in c e  t h e  o u te r  o x id e  la y e r  is  r e m o v e d  a t h ig h  v e l o c i t i e s .

4.6 Rationalizing Dissolution Rate Constant and Free Energy of 
Activation from Experimental Data

F r o m  t h e  s e n s i t i v i t y  a n a ly s i s ,  it  w a s  f o u n d  th a t  t h e  d i s s o lu t io n  r a te  

c o n s t a n t  a n d  th e  fr e e  e n e r g y  o f  a c t iv a t io n  a f f e c t e d  c o r r o s io n  r a te  s ig n i f ic a n t ly .  
T h e  d i s s o lu t io n  r a te  c o n s t a n t  is  a  f u n c t io n  o f  t e m p e r a tu r e  a n d  p H .

F r o m  F ig u r e  4 .6 ,  th e  r e la t io n  b e t w e e n  เท ( k d)  a n d  1 /T  a t p H  o f  1 0 .2  is  

p r e s e n t e d ,  a n d  th e  p r o p o s e d  r e la t io n  a t p H  o f  11 w i t h  th e  a s s u m p t io n  th a t  th e  

s lo p e  o f  t h is  r e la t io n  fo r  v a r io u s  p H s  s h o u ld  b e  th e  s a m e .  B y  t h is  a s s u m p t io n ,
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d i s s o lu t io n  r a te  c o n s t a n t  a t v a r io u s  p H  v a lu e s  w a s  d e t e r m in e d  a n d  w a s  u s e d  to  

p r e d ic t  c o r r o s io n  r a te  fo r  f e e d e r  S 0 8 ,  w ir e  p r o b e  a n d  t u b e  p r o b e .  T h e  

p r e d ic t e d  c o r r o s io n  is  d i s p la y e d  in  F ig u r e  4 .1 8 .

F i g u r e  4 .1 8  C o r r o s io n  r a te  o f  f e e d e r S 0 8 ,  w ir e  a n d  t u b e  p r o b e s  a t v a r io u s  p H  

b a s e d  o n  F ig u r e  4 .6 .

T h e  r e s u lt s  f r o m  F ig u r e  4 .1 8  a r e  n o t  c o n s i s t e n t  w i t h  t h e  r e s u l t s  fr o m  

th e  e x p e r im e n t s ,  T a b le  4 .2  a n d  T a b le  4 .7 ,  fo r  t h e  w ir e  p r o b e  a n d  t h e  tu b e  

p r o b e .  F r o m  t h e  e x p e r im e n t s ,  it  w a s  o b s e r v e d  th a t  c o r r o s io n  r a te  in c r e a s e d  

w it h  p H . T h e r e f o r e  th e  e x p r e s s io n  t o  d e t e r m in e  d i s s o lu t io n  r a te  c o n s t a n t  a t 

e a c h  p H  w a s  r e d e t e r m in e d ,  F ig u r e  4 .1 9 .
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F i g u r e  4 .1 9  T h e  e x p r e s s i o n  fo r  d i s s o lu t io n  r a te  c o n s t a n t  a t  v a r io u s  p H .

T h e  f r e e  e n e r g y  o f  a c t iv a t io n  w a s  c o n s id e r e d  b e in g  im p o r ta n t  b e c a u s e  it  

s ig n i f i c a n t ly  a f f e c t e d  c o r r o s io n  r a te , T a b le  4 .1 .  F ig u r e  2 .9  i l lu s t r a t e s  th e  

p r e d o m in a n t  s p e c i e s  a t d i f f e r e n t  p H . T h e s e  s p e c i e s  m a y  a f f e c t  t h e  f r e e  e n e r g y  

o f  a c t iv a t io n  fo r  t h e  r e v e r s e  r e a c t io n  o f  c o n v e r t in g  ir o n  m e t a l  t o  d i s s o lv e d  

ir o n . T h e  r e a s o n  fo r  u s e s  th e  a c t iv a t io n  e n e r g y  o f  th e  r e v e r s e  r e a c t io n  fo r  

c o r r o s io n  r e a c t io n  i s  th a t  t h is  v a lu e  is  u s e d  t o  c a l c u la t e  th e  e x c h a n g e  c u r r e n t  

d e n s i t y  w h e n  th e  r e d u c t io n  r e a c t io n  is  c o n s id e r e d .  T h u s ,  t h e  d i s s o lv e d  s p e c i e s  

a re  c o n s id e r e d  a s  r e a c ta n t s .  T h e r e f o r e ,  th is  f r e e  e n e r g y  o f  a c t iv a t io n  d e p e n d s
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o n  p H . A c t u a l l y ,  i t  d e p e n d s  o n  t h e  s p e c i e s  o f  d i s s o lv e d  ir o n  th a t  a r e  p r e s e n t  

fo r  t h e  e x c h a n g e  c u r r e n t  d e n s i t y  e q u a t io n .
C o m b in in g  t h e  c h a n g e  in  d i s s o lu t io n  r a te  c o n s t a n t  a n d  t h e  a c t iv a t io n  

e n e r g y ,  t h e  f r e e  e n e r g y  o f  a c t iv a t io n  w a s  d e t e r m in e d  a s  a  f u n c t io n  o f  p H  to  

a l l o w  t h e  r a te  o f  c o r r o s io n  t o  in c r e a s e  w i t h  p H .

F i g u r e  4 .2 0  T h e  r e la t io n  b e t w e e n  f r e e  e n e r g y  o f  a c t iv a t io n  o f  r e v e r s e  

c o r r o s io n  r e a c t io n  a n d  p H  a t 310°c.

F r o m  F ig u r e  4 .2 0 ,  th e  f r e e  e n e r g y  o f  a c t iv a t io n  o f  t h e  r e v e r s e  

c o r r o s io n  r e a c t io n  c a n  b e  d e t e r m in e d  a s  a  f u n c t io n  o f  p H  a t 310°c fo r  th is  

s y s t e m  b y  t h e  e x p r e s s io n  4 .8 .
F r e e  e n e r g y  o f  a c t iv a t io n  =  - 1 2 9 9 3 p H +  2 7 3 9 3 8  ( 4 .8 )

T h e  d i s s o lu t io n  r a te  c o n s t a n t  w a s  d e t e r m in e d  a s  a  f u n c t io n  o f  p H  at 

310°c a s  in d ic a t e d  in  F ig u r e  4 .2 1 .  T h e  d i s s o lu t io n  r a te  c o n s t a n t  w a s  

r e p r e s e n t e d  b y  a  s ix t h  o r d e r  p o ly n o m ia l  in  te r m s  o f  p H .
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F i g u r e  4 .2 1  T h e  r e la t io n  b e t w e e n  d i s s o lu t io n  r a te  c o n s t a n t  a n d  p H  a t  3 10°c.

T h e  d i s s o lu t io n  r a te  c o n s t a n t  c a n  b e  d e t e r m in e d  a t 310°c a t v a r io u s  

p H  b y  E q .4 .9 .

kd  =  0 .0 2 9 7 p H 6 - 1 .8 7 8 2 p H 5 + 4 9 .5 3 8 p H 4  - 6 9 6 .5 p H 3 + 5 5 0 5 .6 p H 2  - 2 3 1 9 9 p H  + 4 0 7 0 9
( 4 .9 )

B o t h  e x p r e s s io n s  fo r  f r e e  e n e r g y  o f  a c t iv a t io n  a n d  d i s s o lu t io n  ra te  

c o n s t a n t  w e r e  u s e d  t o  p r e d ic t  th e  c o r r o s io n  r a te  a n d  t h e  o x id e  t h ic k n e s s  o f  th e  

w ir e  a n d  t u b e  p r o b e s .  T h e  c o r r o s io n  r a te s  o f  t h e  w ir e  a n d  t u b e  p r o b e s  a re  

s h o w n  in  F ig u r e s  4 .2 2  a n d  4 .2 3 .  T h e  r e la t io n s  b e t w e e n  o x id e  t h ic k n e s s  a n d  

c o r r o s io n  r a te  fo r  w ir e  p r o b e  a n d  tu b e  p r o b e  a re  d i s p la y e d  in  F ig u r e s  4 .2 4  a n d  

4 .2 5 .
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Ë x p e r i m  e n t  
P red i c t i o n p H

F i g u r e  4 .2 2  C o r r o s io n  r a te  o f  w ir e  p r o b e  fr o m  e x p e r im e n t  a n d  p r e d ic t io n .

Ü

E x p  ~e r i m e ก t ~ ท J-J
P r e d i c t i o n  i ^

F i g u r e  4 .2 3  C o r r o s io n  r a te  o f  tu b e  p r o b e  f r o m  e x p e r im e n t  a n d  p r e d ic t io n .

p r o b e .
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O x i d e  t h i c k n e s s  (M m )

F i g u r e  4 .2 5  T h e  r e la t io n  b e t w e e n  o x id e  t h ic k n e s s  a n d  c o r r o s io n  r a te  o f  tu b e  

p r o b e .

T h e  c o r r o s io n  r a te s  fr o m  th e  e x p e r im e n t  a n d  p r e d ic t e d  v a lu e s  a re  

s im i la r ,  F ig u r e s  4 . 2 2  a n d  4 .2 3 .  F ig u r e s  4 .2 4  a n d  4 .2 5  g i v e  t h e  r e la t io n  

b e t w e e n  o x id e  t h ic k n e s s  a n d  c o r r o s io n  r a te  fo r  w ir e  p r o b e  a n d  t u b e  p r o b e .  
T h e  e x p r e s s i o n s  fo r  d e t e r m in in g  t h e  a c t iv a t io n  e n e r g y  a n d  t h e  d i s s o lu t io n  r a te  

c o n s t a n t  y i e ld  c o r r o s io n  r a te s  w h i c h  a g r e e  w i t h  e x p e r im e n t a l  v a lu e s .  
H o w e v e r ,  a d d it io n a l  d a ta  a r e  r e q u ir e d  t o  s u b s t a n t ia t e  t h e s e  r e s u l t s  o v e r  a  w id e r  

r a n g e  o f  c o n d i t io n s .
B e c a u s e  o f  e l e c t r o c h e m ic a l  e f f e c t s  th a t  a r e  c o m p l i c a t e d  c o n c e r n in g  

th is  m o d e l ,  t h e  s im p le r  m o d e l  w a s  p r o p o s e d .  T h e  s im p le r  m o d e l  i s  b a s e d  o n  

r e a c t io n  r a te  a n d  m a s s  t r a n s fe r  o f  d i s s o lv e d  ir o n . T h e  s im p le r  m o d e l  is  

d e s c r ib e d  in  t h e  A p p e n d i x  E . T h e  s im p le r  m o d e l  i s  in t e r e s t in g  a n d  c a n  b e  

d e v e lo p e d  in  fu r th e r .
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