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P o l a r o g r a p h i c and k i n e t i c parameters o f the S c h i f f base 
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THE EFFECT OF Ta ION IMPLANTATION ON THE AQUEOUS CORROSION 

RESISTANCE OF M50 BEARING STEEL 

C M . R a n g e l , M . H . S i m p l í c i o , A . C . C o n s i g l i e r i 

L N E T I - D e p a r t a m e n t o d e T e c n o l o g i a d e M a t e r i a i s , Paço d o 

L u m i a r , 22 - 1699 L I S B O A C O D E X , PORTUGAL 

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

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

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

t h e e n g i n e l u b r i c a n t , p r o b a b l y , d u r i n g n o n - w o r k i n g p e r i o d s . 

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

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

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

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

r e s i s t a n c e o f i o n i c a l l y i m p l a n t e d s u b s t r a t e s o f M50 s t e e l w i t h 

T a . I m p l a n t a t i o n w i t h o t h e r i o n s i s b e i n g i m p l e m e n t e d . 

M e a s u r e m e n t s o n n o n i m p l a n t e d s a m p l e s w e r e made o n M50 

s t e e l d i s k s s u p p l i e d b y RHP B e a r i n g s L t d . N o m i n a l c o m p o s i t i o n i s 

g i v e n e l s e w h e r e ^ ^ ^ . 

P o t e n t i o s t a t i c d e t e r m i n a t i o n o f b r e a k d o w n p o t e n t i a l s ( E b ) 

t o g e t h e r w i t h e x a m i n a t i o n o f s u r f a c e m o r p h o l o g y b y S c a n n i n g 

E l e c t r o n M i c r o s c o p y w e r e a l s o c o n d u c t e d . 

E x p e r i m e n t a l d e t a i l s a r e g i v e n e l s e w e r e ^ ^ . 

I m p l a n t e d s u r f a c e w i t h T a a t n o m i n a l c o n c e n t r a t i o n s f r o m 

5 x 1 0 i o n s . c m ^ t o 4 x 1 0 " ^ i o n s . c m ^ w e r e s t u d i e d u s i n g t h e same 

t e c h n i q u e s a s f o r t h e b a s e m e t a l ( s e e F i g . l ) . 

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

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

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

l i n e a r ( F i g . 2 ) w i t h no s i g n i f i c a n t d i f f e r e n c e b e t w e e n d o s e s i n 

t h e r a n g e f r o m 5xl<d^^ t o 2 x 1 0 " ^ i o n s , cm ^ p r o b a b l y d u e t o 
T 2 3 1 

s p u t t e r i n g a n d s a t u r a t i o n 1 ' . A k i n e t i c a n a l y s i s i s t h e s u b j e c t 

o f f u r t h e r p u b l i c a t i o n . 

Portugaliae Electrochimica Acta, 9 (1991) 19-22 



- 2 0 -

F i g . l - C y c l i c v o l t a m m o g r a m s t o M50 s t e e l i m p l a n t e d w i t h a 

n o m i n a l d o s e o f 5 x l 0 1 6 i o n s . c m - 2 T a i n 0 . 5 M N a H C 0 3 

+ 0 . 0 5 M N a 2 C 0 3 + 0 . 5 M N a C l s o l u t i o n s a t s e v e r a l 

s c a n r a t e s . 

+ c 

(a) "" S A I T * 

r-

(b) 

B • _ B . in16  

c +-"l,lo" 
o 0 - i . l o " 
• Û - <. IO" 

F i g . 2 - U n i d i r e c t i o n a l v o l t a m m o g r a m s f o r M50 s t e e l i n 0 . 5 M 

N a H C 0 3 + 0 . 0 5 M N a 2 C 0 3 + 0 . 5 M N a C l s o l u t i o n s f o r 

t h e T a i m p l a n t e d s a m p l e s a n d b a s e m e t a l , a t 

2 0 m V . s - 1 ( a ) . 

- T h e p e a k c u r r e n t a s a f u n c t i o n o f s w e e p r a t e f o r 

T a i m p l a n t e d s a m p l e s a n d b a s e m e t a l ( b ) . 
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P o t e n t i o s t a t i c d e t e r m i n a t i o n o f b r e a k d o w n p o t e n t i a l s ( E b ) 

w e r e a l s o c o n d u c t e d . T y p i c a l s t e p b y s t e p p o l a r i z a t i o n r u n f r o m -

0 . 9 V ( S C E ) u p t o t h e b r e a k d o w n p o t e n t i a l w e r e p e r f o r m e d . T a b l e 1 

s h o w s t h e e n n o b l e m e n t o f E b v a l u e s a s a r e s u l t o f T a i m p l a n t a t i o n 

e v e n t h o u g h t h e i m p l a n t e d d o s e s , a s i n d i c a t e d b y RBS a n a l y s i s ( 4 ) , 
16 — 2 d i d n o t e x c e e d 5 x 1 0 i o n s . c m 

I n t h e l o n g t e r m t e s t s , i n o p e n c i r c u i t c o n d i t i o n s , t h e 

o c u r r e n c e o f c r e v i c e was n o t i c e a b l e a t t h e i n t e r f a c e b e t w e e n t h e 

i m p l a n t e d a n d n o n - i m p l a n t e d s u r f a c e s . T h i s was s u g g e s t e d b y t h e 

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

e l e c t r o d e ' - 4 - ' . E x a m i n a t i o n o f t h e m o r p h o l o g y o f a t t a c k , i n t h e 

c r e v i c e a r e a s , was a l s o p e r f o r m e d . 

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

n o b l e o p e n c i r c u i t p o t e n t i a l s , w i t h d i f f e r e n c e s u p t o 
17 

0 . 2 5 0 V ( S C E ) . B e s t c o r r o s i o n r e s i s t a n c e was i n d i c a t e d f o r 1 x 1 0 
_2 

i o n s . c m T a , d a t a i n a g r e e m e n t w i t h b r e a k d o w n p o t e n t i a l s . 

T A B L E 3 - B r e a k d o w n p o t e n t i a l f o r T a i m p l a n t e d s u b s t r a t e s a n d 

b a s e m e t a l . 

[ T a ] * _ 2 

i o n s . c m 
E b 

m V ( S C E ) 

0 1 fi 
5 x \% 
1 x 1 0 : ' 
2 x 1 0 : ' 
4 x 10 

- 225 
+ 350 

0 1 fi 
5 x \% 
1 x 1 0 : ' 
2 x 1 0 : ' 
4 x 10 

+ 475 

0 1 fi 
5 x \% 
1 x 1 0 : ' 
2 x 1 0 : ' 
4 x 10 

+ 400 

0 1 fi 
5 x \% 
1 x 1 0 : ' 
2 x 1 0 : ' 
4 x 10 + 375 

* n o m i n a l c o n c e n t r a t i o n s 

CONCLUDING REMARKS 

- T h e e f f e c t o f i m p l a n t a t i o n o f t a n t a l u m o n M50 s t e e l p r o d u c e s a 

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

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

t h a n t h e b a s e m e t a l i n t e r m s o f c o r r o s i o n r e s i s t a n c e . T h i s i s 

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

f o r m a t i o n o f a T a 2 0 5 f i l m d u r i n g e x p o s u r e a n d / o r p o l a r i z a t i o n . 
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- D e p t h p r o f i l e s o b t a i n e d b y RBS c o n f i r m e d t h a t t h e r e t a i n e d 

d o s e d i d n o t e x c e e d 5 x 1 0 i o n s . c m . F l a t t o p p e d a n d s k e w e d 

d i s t r i b u t i o n p r o f i l e s ( R B S ) w e r e o b t a i n e d a n d r e g a r d e d a s 

i n d i c a t i v e o f s p u t t e r i n g a n d s a t u r a t i o n d o s e s ^ . 

- B r e a k d o w n a n d d i s s o l u t i o n o f F e - T a s u r f a c e a l l o y l a y e r s i s 

l o c a l i z e d w i t h p r e f e r e n t i a l d i s s o l u t i o n o f i r o n . T h i s i s 

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

a d j a c e n t z o n e s , i n a c r e v i c e , w h e r e t h e a m o u n t o f d e t e c t e d T a 

was n o t s i g n i f i c a n t l y d i f f e r e n t . 

- A p o t e n t i a l d i s p l a c e m e n t o f a b o u t 0 . 5 V i n t h e n o b l e d i r e c t i o n 

s c a l e was f o u n d a s a r e s u l t o f i m p l a n t a t i o n . 
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C O R R O S I O N P R O D U C T S O F L O W A L L O Y S T E E L 
U N D E R W E T - D R Y C Y C L I N G CONDITIONS 

J . Davalos , J . F . M a r c o , M . G r a c i a , a n d J . R . Gancedo 

Instituto de Química Física "Rocasolano" CSIC, C/ Serrano 119, 28006 Madrid, Spain 

S u m m a r y 

The corrosion products formed on weathering steel and pure iron 
exposed to a wet-dry cycled SO2~atmosphere have been studied by 
means of reflection (CEMS) and transmission Mossbauer 
spectroscopy and X-ray diffraction. After 48 days of exposure, 
rusts of both materials exhibit different morphologies. 
FeS03.3H20, FeS04.nH20 and amorphous ferric oxyhydroxides 
(probably ferrihydrite and/or a-FeOOH of small particle size) are 
the constituents of both rusts. The main differences between the 
corrosion products of both materials are related with the 
concentration of Fe2* species and the crystallinity and/or particle 
size of ferric oxyhydroxides. The presence of Fe?+ species in 48 
day-old rusts is attributed to the effect of the wet-dry cycling 
conditions. 

1. I n t r oduc t i on 

The daily change from wet to dry atmosphere, the so-called wet-dry cycle, 
affects the atmospheric rusting of ferrous materials [1-3]. In this work, the differences between 
the products formed on pure iron and low alloy steel, both exposed to simulated wet-dry cycles 
under artificially S0 2 -po l luted atmospheres, are shown. Mossbauer spectroscopy and X - r a y 
diffraction were the main techniques employed for the analysis of products. 

2. E x p e r i m e n t a l 

Samples were polished (A1 2 0 3 , 0.3 /mi) discs of weathering steel (ASTM A-508 
gr A) and commercial iron (Comeca, St. Cyr, France, <0.15% Cu; 0.1% C+P+Mn+Si) exposed 
at 25°C during 48 days to an S0 2 -po l luted (0.008% by vol.) atmosphere, whose relative 
humidity (RH) was sequentially maintained 6h at 98% R H and 18h at 15% R H . The artificially 
S0 2 -po l lu ted atmosphere was prepared as described in [4]. 

Mossbauer spectra of rusts were taken by CEMS using a home made parallel 
plate avalanche counter [5] and by transmission after rust descaling. A closed-cycle Helium 
cryogenic generator (Air Products) was employed during the recording of transmission spectra 
at 78 and 14 K. 

X - r a y diffractograms of the rusts were taken " in situ", prior to rust descaling, 
in a Phil ips PW 1730/10 diffractometer using the Cu Ka line. 
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