
PLASMA SPRAYED CERAMIC COATINGS ON S t 37 S T E E L SUBSTRATES 

V. C o s t a 1 , C M . R a n g e l 2 , L.F. C r u z 2 , A.M. D i a s 

1 CTCV - Rua C o r o n e l V. Simão, 3000 C o i m b r a , PORTUGAL 
2 LNETI/DTM - Paço do Lumi a r 22, 1699 L i s b o a Codex, PORTUGAL 
3 UC - Departamento de E n g e n h a r i a Mecânica, 3000 C o i m b r a , 

PORTUGAL 

I n h e r e n t p o r o s i t y o f a i r plasma s p r a y e d (APS) c e r a m i c 
c o a t i n g s s t r o n g l y i n f l u e n c e s t h e i r c o r r o s i o n r e s i s t a n c e 
|1,2| w i t h t h e d e n s i t y o f c o n n e c t e d p o r e s a p p a r e n t l y r e l a t e d 
t o c o a t i n g t h i c k n e s s . I n s u f f i c i e n t a d h e r e n c e o f APS o b t a i n e d 
c o a t i n g s b e i n g a l s o a pr o b l e m . P o s t - t r e a t m e n t t e c h n i q u e s 
s u c h as HIP and L a s e r a r e c u r r e n t l y b e i n g u s e d i n o r d e r 
t o a c h i e v e d h i g h e r d e n s i f i c a t i o n a d h e r e n c e and m i n i m i z e 
p e n e t r a t i o n o f c o r r o s i v e a g e n t s . 

T h i s work r e p o r t s on t h e e l e c t r o c h e m i c a l c h a r a c t e r i z a t i o n 
o f AI2O3 and Cr203 c o a t i n g s p r o j e c t e d on S t 37 s t e e l , 
w i t h o u t and w i t h p o s t - t r e a t m e n t . Long t e r m e x p o s u r e r e s u l t s 
a r e compared w i t h t h o s e o b t a i n e d by DC E l e c t r o c h e m i s t r y 
i n o r d e r t o a s s e s s t h e r e p r e s e n t a t i v i t y o f t h e a c c e l e r a t e d 
t e s t . 

T a b l e 1 p r o v i d e s t h e r e f e r e n c e s r e g a r d i n g s y s t e m s , 
c o a t i n g s and t r e a t m e n t s f o r t h e systems s t u d i e d t h r o u g h o u t 
t h i s work. 

Table 1 - References for the coatings produced using 
a 80 KW a i r plssma torch 

Ceramic Coating Bond Coating Treatment Reference 

Ni Al 
Ni Cr 
Ni Al 
Ni Cr 
Ni Al 
Ni Al 
NiCr 
Ni Al 
Ni Al 
Ni Al 
Ni Al 
Ni Al 
Ni Al 

As projected 
As projected 
Low porosity 

As projected 
As projected 
As projected 
As projected 
As projected 

HIP 
HIP 
HIP 
LASER 
LASER 

Sealant A+NA-Seal 

NA-BP 
NC-BP 
A+NA-BP 
A+NC-BP 
C+NA-BP 
A+NA-HIP 
A+NC-HIP 
C+NA-HIP 
A+NA-Las 
C+NA-Las 

AlcPE 
AlcPB 

As projected 
As projected 
Low porosity 

AlsPE 
AlsPB 
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A c a r b o n a t e / b i c a r b o n a t e s o l u t i o n w i t h added c h l o r i d e i o n s 
was p r e p a r e d t o pH 8.3. A c o n v e n t i o n a l e l e c t r o c h e m i c a l 
c e l l was used w i t h a L u g g i n H a r p e r c a p i l a r used as a b r i d g e 
t o an e x t e r n a l 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 (SCE). 
Measurements were c a r r i e d o u t a t room t e m p e r a t u r e i n 
n o r m a l l y a e r a t e d s o l u t i o n s . 

F i g . l a shows f o r t h e s y s t e m A+NA-BP t h e E vs t 
p r o f i l e when immersed i n a H C 0 3 ~ / C 0 3 2 - / C l ~ s o l u t i o n . 
I n - 60 h o u r s a p l a t e a u i s r e a c h e d a t -500 mV(SCE) f o l l o w e d 
by a c o n t i n u o u s d i s p l a c e m e n t o f t h e p o t e n t i a l up t o - 200 
mV where t h e r e i s no f u r t h e r v a r i a t i o n i n t h e n e x t 400 
h o u r s . 
H o r i z o n t a l dashed l i n e s c o r r e s p o n d t o t h e open c i r c u i t 
v a l u e a t t a i n e d by St37 s t e e l and t h e bond l a y e r as 
i n d i c a t e d . 
When u s i n g N i C r as a bond l a y e r p o t e n t i a l , t h e p r o f i l e 
f o l l o w s t h e same t e n d e n c y as f o r N i A l b u t w i t h no f u r t h e r 
i n c r e a s e f r o m - -500 mV(SCE) onwards up t o t h e end o f t h e 
t e s t , 500 h o u r s l a t e r . T h i s f a c t was t a k e n as an i n d i c a t i o n 
o f t h e s u b s t r a t e b e i n g u n a t t a c k e d (see F i g . l b ) . P a s s i v a t i o n 
by a Cr203 f i l m m i g h t be r e s p o n s i b l e f o r t h e o b s e r v e d 
b e h a v i o u r . C r o s s s e c t i o n s f o r A l u m i n a c o a t i n g s w i t h bond 
l a y e r s o f N i A l and N i C r s u p p o r t t h e s e f i n d i n g s . 
The b e h a v i o u r o f Cr203 as a c o a t i n g was s i m i l a r t o t h a t 
r e p o r t e d f o r AI2O3. N e v e r t h e l e s s , t h e e l e c t r o l y t e seems 
t o p e n e t r a t e a t a f a s t e r r a t e as i n d i c a t e d by t h e s l o p e 
o f E - t p r o f i l e h a v i n g i n d u c e d s i m u l t a n e o u s a t t a c k t o bond 
l a y e r ( N i A l ) and s u b s t r a t e . 

The s y s t e m A+NC-HIP o f f e r s a b e t t e r p e r f o r m a n c e when 
compared w i t h A+NA-HIP. A c o r d i n g t o E vs t p r o f i l e , bond 
l a y e r and s u b s t r a t e a r e s i m u l t a n e o u s l y a t t a c k e d i n t h e 
l a t t e r c a s e . T h i s i s a d j u d i c a t e d t o t h e f o r m a t i o n o f c r a c k s 
due t o volume v a r i a t i o n a s s o c i a t e d t o AI2O3 phase 
t r a n s f o r m a t i o n f r o m y t o a. . The d e l a y i n r e a c h i n g t h e 
s u b s t r a t e , f o r A+NC-HIP system, i s p r o b a b l y t h e r e s u l t o f 
Cr203 f o r m a t i o n as r e f e r e d f o r A+NC-BP syst e m . 

F i g . 2 shows r e s u l t s w i t h N i A l bond c o a t i n g f o r b o t h 
AI2O3 and Ci"203. 
F i g . 3 shows t h e p r o f i l e E vs t f o r t h e s y s t e m C+NA-Las. 
The t r e a t m e n t p r o v i d e s s u p e r f i c i a l c o m p a c t a t i o n so 
d e t e r m i n i n g t h a t p e n e t r a t i o n o f t h e s o l u t i o n i s v e r i f i e d 
o n l y t h r o u g h c r a c k s o r i g i n a t e d by t h e r m a l shock. S u r f a c e 
d e n s i f i c a t i o n was e v i d e n t . 
The p o t e n t i a l i s f o u n d t o s l o w l y i n c r e a s e t o w a r d s t h e bond 
l a y e r p o t e n t i a l a f t e r s h o w i n g , f o r 250 h o u r s , s t a b l e 
b e h a v i o u r a t a v a l u e o f -600 mV(SCE). C r a c k s due t o t h e r m a l 
shock d i d n o t r e a c h t h e bond l a y e r . A t t a c k t o bond l a y e r 
was s u p e r f i c i a l . 
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Fig. 2 - The open c i r c u i t potential as a function 
of time for coatings submitted to HIP 
treatment. 
System A+NA-HIP (a) System C+NA-HIP (b) 
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The p o t e n t i o d y n a m i c p o l a r i z a t i o n c u r v e s f o r N i A l and 
N i C r c o a t i n g s a r e c h a r a c t e r i z e d by an a c t i v e r e g i o n 
c o r r e s p o n d i n g t o N i d i s s o l u t i o n as N i 2 + b e i n g i d e n t i f i e d , 
w i t h l o w e r c u r r e n t s a s s o c i a t e d t o N i C r on St37 s t e e l . 

F i g . 3 - The eff e c t of Laser refusion on the 
behaviour of a Cr2C>3 coating using NiAl 
bond coating E vs t p r o f i l e . 

DC t e s t s were a l s o i n agreement w i t h r e s u l t s o b t a i n e d 
f o r l o n g t e r m t e s t i n g r e g a r d i n g t h e p o r o s i t y o f t h e c o a t i n g 
and i t s d i r e c t i n f l u e n c e i n t h e t y p e and e x t e n s i o n o f 
c o r r o s i o n a t t a c k t o bond l a y e r and s u b s t r a t e . H i g h e r 
p o r o s i t y was r e l a t e d t o h i g h e r c u r r e n t d e n s i t y a s s o c i a t e d 
t o l o c a l i z e d c o r r o s i o n o f e i t h e r p i t t i n g o r c r e v i c e t y p e . 
I t i s t o be n o t i c e a b l e t h a t HIP and L a s e r t r e a t e d systems 
r e v e a l e d , g e n e r a l l y , p o l a r i z a t i o n c h a r a c t e r i s t i c s 
c o r r e s p o n d i n g t o t h e bond l a y e r . 

F i g . 4 compares f o r Cr2Ü3 c o a t i n g s , t h e b e h a v i o u r 
f o r as p r o j e c t e d , HIP and L a s e r t r e a t e d s a m p l e s . 
F o r t h e s y s t e m A+NA-HIP t h e t r e a t m e n t i n t r o d u c e d a s l i g h t 
changes i n c u r r e n t d e n s i t y e venthough t h e e x i s t e n c e o f 
p e r p e n d i c u l a r c r a c k s t o g e t h e r w i t h an i n c r e a s e i n 
m i c r o c r a c k i n g , and even p o r o s i t y due t o A l u m i n a phase 
t r a n s f o r m a t i o n , accompanied o f volume v a r i a t i o n t h a t 
c o n t r i b u t e d t o t h e a t t a c k p r o p a g a t i o n t o w a r d s t h e s u b s t r a t e . 
I n t h e c a s e o f Cr2Ü3 t h e c r a c k i n g c r e a t e d by t h e HIP 
t r e a t m e n t was c o u n t e r a c t by t h e d e n s i f i c a t i o n o f t h e c e r a m i c 
c o a t i n g b r i n g i n g a r e d u c t i o n o f p o r o s i t y . 

The p o r o s i t y , as e x p e c t e d , was a key f a c t o r i n t h e 
d e g r a d a t i o n o f t e s t e d c o a t i n g s a l l o w i n g p e n e t r a t i o n o f 
e l e c t r o l y t e c o n t a m i n a t e d w i t h C l ~ i o n s and a l s o o x y g en, 
w h i c h i s i d e n t i f i e d as a c t i n g i n t h e c a t h o d i c r e a c t i o n . 

O x i d e s formed f r o m F e 2 + o r F e J + s p e c i e s were o b s e r v e d 
t o d i f f u s s e d o u t a f t e r a c c u m u l a t i o n i n t h e i n t e r i o r o f 
p o r o s i t i e s . F e 2 0 3 and Fe304 formed a c c o r d i n g t o oxygen 
a v a i l a b i l i t y I 4 | . 

L o c a l i z e d c o r r o s i o n o f t h e p i t t i n g and c r e v i c e t y p e 
i s promoted due t o a mechanism t h a t a l l o w s d i s s o l u t i o n 
t o o c c u r a t t h e r e g i o n s n e i g h b o r i n g w i t h c o n n e c t e d p o r e s . 
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Fig. 4 - DC Polarization curves for C ^ O ß coatings 
C+NA-BP (a) C+Na-HIP (b) C+NA-Las (c). 
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