
- 134 -

I. /JA/C m 2 

I , > j A / c m 2 

I M
 H 3 P 0 4 . D i f f e r , n t S a . o . t s 

0
 • H c o v e r a g e . 

F I G . 1 

1 M
 H 3 P 0 ̂  . Sweeps b e t w e e n 0 . 7 50 V 

a n d n . 0 6 5 V. 

p p e r 

HIGH TEMPERATURE BEHAVIOUR OF HOT DIP (Zn a n d A l ) STEEL 

P. M o l e r a 
D p t . Enginyería Química i Metal.lúrgia. Universität B a r c e l o n a 

c / M a r t i Franqués, 1. 08028 B a r c e l o n a . S P A I N . 

ABSTRACT. 
The c o r r o s i o n b e h a v i o u r o f h o t d i p ( Zn an d A l ) s t e e l p a r t s 

h e a t e d a t d i f e r e n t t e m p e r a t u r e s a n d f o r v a r y i n g p e r i o d s o f t i m e s 
h a s b e e n i n v e s t i g a t e d . M a t h e m a t i c - s t a t i s t i c a l t r e a t m e n t o f 
r e s u l t s o b t a i n e d h a s b e e n a p p l i e d . T h i s w o r k show t h e b e t t e r 
p r o t e c t i o n o f s t e e l a t h i g h t e m p e r a t u r e w i t h t h e a l u m i n i z e d i n 
f r o n t o f g a l v a n i z e d . 

INTRODUCTION. 
I t i s w e l l know t h a t h o t d i p a l u m i n i z e d s t e e l i s more 

r e s i s t e n t t h a t g a l v a n i z e d [ 1 ] s t e e l t o e n v i r o n m e n t a l c o r r o s i o n 
[ 2 ] . The o b j e c t i v e o f t h e p r e s e n t w o r k i s p r o v e t h e c o r r o s i o n 
r e s i s t a n c e a t h i g h t e m p e r a t u r e o f t h i s p r o t e c t i o n ' s s y s t e m . 

EXPERIMENTAL PART. 
The r a w m a t e r i a l u s e d a r e s p e c i m e n s o f f e r r i t i c s t e e l w i t h a 

0,04 % c a r b o n . The a l u m i n i u m c o n t a i n e d 4,1 % s i l i c a n . The f l u x 
b a t h c o n s i s t e d o f a m i x t u r e o f s o d i u m c h l o r i d e , p o t a s s i u m 
c h l o r i d e a n d c r y o l i t e i n t h i s p r o p o r t i o n o f 2:2:1 b y w e i g h t . The 
g a l v a n i z e d c o n t a i n e d i n m e x e d z i n c . 

The a l u m i n i z e d s p e c i m e n s w e r e s u b j e c t e d t o t h e f o l l o w i n g 
o p e r a t i o n s : d e g r e a s i n g , w a s h i n g , p i c k l i n g , w a s h i n g , d r y i n g , 
f l u x i n g , a l u m i n i u m b a t h , d r i p p i n g a n d c o o l i n g . F i r s t t h e y w e r e 
i m m e r s e d i n a s o d i u m h y d r o x i d e b a t h a t 485QC f o r 15 m i n u t e s . Then 
t h e y w e r e w a s h e d a n d p l a c e d i n a 1 0 % s u l p h u r i c a c i d s o l u t i o n 
c o n t a i n i n g t h i o u r e a a t 70-80QC f o r 15 m i n u t e s . Once t h e t e s t 
s p e c i m e n s w e r e w a s h e d a n d d r y , t h e y w e r e p l a c e d i n a f u s e d s a l t s 
b a t h w h e r e t h e y w e r e k e p t a t 700SC f o r 10-15 m i n u t e s . N e x t t h e y 
w e r e i m m e r s e d i n t h e l i q u i d a l u m i n i u m , w h i c h was k e p t a t 700-
750QC. A f t e r t h a t t h e s u r p l u s a l u m i n i u m was r e m o v e d f r o m t h e t e s t 
s p e c i m e n s b y r e i m m e r s i o n i n t h e f u s i n g b a t h o r b y c e n t r i f u g i n g . 
T h e n t h e y w e r e c o o l e d i n w a t e r . 

Once t h e t e s t s p e c i m e n s h a d b e e n a l u m i n i z e d a n d g a l v a n i z e d , 
t h e y w h e r e e x p o s e d i n a e l e c t r i c h e a t - t r e a t m e n t f u r n a c e (AIM 
m o d e l 96) w i t h a i r a t m o s p h e r e . The s p e c i m e n s w e r e w e i g h e d b e f o r e 
i n t r o d u c t i o n i n t h e f u r n a c e a t p r e f i x e d t e m p e r a t u r e a n d a f t e r 
s c a l i n g a n d d r y i n g p r o c e s s . 

E v e r y s p e c i m e n was s c a l e d w i t h a v o l u m e o f 60 m l . a p r o x . 
s c a l i n g d i s s o l u t i o n , s h a k e n w i t h a s p a t u l a f o r f i v e m i n u t e s . The 
w a s h i n g was c a r r i e d o u t w i t h d i s t i l l e d w a t e r (80 m l a p r o x . ) , 
t w i c e c o n s e c u t i v e l y , s h a k e n w i t h a s p a t u l a a n d i n d i f f e r e n t 
g l a s s e s . F i n a l l y , t h e d r y i n g was c a r r i e d o u t i n a s t o v e a t 1502C 
f o r 1 h o u r , f o l l o w i n g t h e m e t h o d p r o p o s e d b y D.ITZMAK a n d 
S.MARUSH [3 1. The w e i g h t o f t h e p a r t , s c a l e d a n d d r i e d , was 
o b t e i n e d , f o r e v e r y one o f them, e i g h t m i n u t e s a f t e r c o m i n g o u t 
them o f t h e s t o v e . 
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RESULTS AND DISCUSSION. 
p i g s . 1-3 r e p r e s e n t t h e l o s s o f w e i g h t b y u n i t o f s u r f a c e 

a g a i n s t t i m e a t t h r e e différents t e m p e r a t u r e s ( 4 0 0 , 450 a n d 
500QC) f o r g a l v a n i z e d s t e e l s p e c i m e n s . 

The g r a p h i c s h a s b e e n a d j u s t e d b y a p o l y n o m i c r e g r e s s i o n 
o r d e r 3. 
Y= A x 3 + B x 2 + Cx + D, w i t h Y= i n c r e a s e o f w e i g h t / s u r f a c e 
(mg/cm 2), X= t i m e ( h o u r s ) . 
T=400SC y=3.59E-9x 3-8.23E-6x S r+6.36E-3x+0.46 (R=0.965; R 2=0.932) 
T=450QC y = 4 . 5 2 E - 9 x 3 - 1 . 0 5 E - 5 x 2 + 8 . 2 8 E - 3 x + 0 . 6 8 (R=0.966; R 2=0.933) 
T=500QC y = 5 . 0 5 E - 9 x 3 - l . 1 9 E - 5 x 2 + l . 0 2 E - 2 X + 1 . 0 3 (R=0.967; R 2=0.936) 

S i m i l a r y t h e s t e e l s p e c i m e n w i t h A l a t t e m p e r a t u r e 5 0 0 2 C 
600QC, 700QC y 800QC w i t h t h e f o l l o w i n g r e s u l t s : 
T = 500Q y= 7 . 3 5 E - l l x 3 - 2 . 9 1 E - 7 x 2 + 3 . 9 E - 4 x - 8 . 7 3 E - 3 (R=0.995 ;R 2 = 0.990) 
T=600Q y = - 1 . 7 9 E - 1 0 x 3 + 0 . 3 7 E - 8 x 2 + 9 . 3 7 E - 4 x - 2 . 3 5 E - 2 ( R = 0 . 9 9 9 ; R 2 = 0 . 9 9 8 ) 
T=7 00Q y= 9. 0 4 E - 1 0 x 3 - 3 . 7 4 E - 6 x 2 + 5 . 8 2 E - 3 X + 4 . 8 3 E - 2 ( R = 0 . 9 9 7 ;R 2 = 0.994) 
T=8009 y= 7 . 1 1 E - 9 x 3 - 7 . 3 7 E - 6 x 2 + 1 . 4 4 E - 2 x + 0 . 2 2 7 ( R=0 999 ; R 2=0 . 998 ) 

T h i s r e s u l t s h a s b e e n show i n f i g u r e s 4-7. The f i g . 8 
r e p r e s e n t c o n j o i n t l y b e h a v i o u r s t h e h o t d i p (Zn a n d A l ) s t e e l a t 
5009C. 

M i c r o g r a p h o f t h e a l u m i n i z e d l o w - c a r b o n s t e e l i s shown i n 
f i g u r e 9. 

CONCLUSION. 
The e x p e r i m e n t a l r e s u l t s o f t h e c o r r o s i o n r e s i s t a n c e a t h i g h 

t e m p e r a t u r e s o f t h e p l a t e d t h a t we h a v e s t u d y a r e a j u s t e d a t 
p o l y n o m i a l o r d e r 3. 

T h i s w o r k show* t h e b e t t e r p r o t e c t i o n o f s t e e l w i t h t h e 
a l u m i n i z e d i n f r o n t t o g a l v a n i z e d . 

The s t e e l g a l v a n i z e d p r e s e n t a b e h a v i o r p r a c t i c a l l y 
p a r a b o l i c a t 800 h o u r s o f e x p o s i n g . A t l o n g e r t i m e s , t h e 
v a r i a t i o n s o f t e m p e r a t u r e g i v e a a p p r e c i a b l e a l t e r a t i o n o f t h e 
s l o p e . 

The s t e e l p l a t e d w i t h a l u m i n i u m p r e s e n t t h e i n f l e x i o n a t 
h i g t h e r t i m e (1400 h o u r s ) a n d a i n c l i n a t i o n t o l i n e a r c o n d u c t 
w i t h t h e t e m p e r a t u r e i n c r e a s e i s o b s e r v e d . 
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F i g . 9.- E x t e r n a l and i n t e r n a l l a y e r s o f an a l u m i n i z e d l o w -
c a r b o n s t e e l , x 250 

CW T H E B E H A V I O U R A G A I N S T A N O D I C P O L A R I Z A T I O N O F 
A M O R P H O U S AT .1 O Y , M E T G L A S S 2 8 2 6 . 

JUAN DAVALOS PRADO 

UNIVERSIDAD NACIONAL DE I N G E N I E R I A . FACULTAD DE CIÊNCIAS 

A.P. 1301 LIMA-PERU. 

0. ABSTRACT. 

The evolution oi the polarization anodic curves of amorphous, Metglass 2826 alloys in 
S04 2~ , PCn 3 - dilute solutions, has been studied electrcchemically. 

These results show the ranges where they are active (fast metal dissolution) and or passive 
(formation of protective layers). The mechanisms and interaction parameters through the 
electrolyte/metal interface have been studied too. 

1. EXPERIMENTAL. 

S a m p l e s o f m e t a l l i c g l a s s , M e t g l a s s 2826 ( 4 0 % a t . F e , 38 N i , 
18 B, 4 Mo) w e r e p r e v i o u s l y c l e a n e d w i t h d i l u t e CI4H, a n d d e g r e a s e d 
w i t h a c e t o n . D i l u t e d s o l u t i o n s o f S O 4 2 " , P O 4 3 " were u s e d as 
e l e c t r o l y t e s . 

The a c i d i t y v a r i a t i o n s w ere c a r r i e d o u t a d d i n g i n a c o n v e n i e n t 
way d r o p l e t s o f K 2 S O 4 , H 3 P O 4 o r NaOH. A W e n k i n g POS-73 was u s e d 
f o r p o t e n c i o s t a t i c m e a s u r e m e n t s , w i t h a s c a n n i n g v e l o c i t y o f a b o u t 
l m V / s e g . A l l m e a s u r e d p o t e n c i a i s w e r e r e f e r r e d t o t h e S a t u r e d 
C a l o m e l E l e c t r o d e ( S C E ) . The e l e c t r o l y t i c s o l u t i o n s w e r e n e i t h e r 
s t i r r e d n o r a e r e a t e d . 

2. RESULTS AND DISCUSSION. 

a)EVOLUTION OF ANODIC POLARIZATION CURVES I N S O 4 2 - Q . 1 M SOLUTIONS. 

F i g . 2.1 shows t h e a n o d i c e v o l u t i o n o f M e t g l a s s i n a c i d 
s o l u t i o n s . T h e r e i s a s m a l l c h a n g e o f t h e maximum a n o d i c c u r r e n t 
d e n s i t i e s ( J m ) w i t h pH, f l u c t u a t i n g a r o u n d 58mA/cm 2 v a l u e , w i t h 
c o r r e s p o n d e n t t r a n s i c i o n a c t i v e - p a s s i v e p o t e n c i a i s a b o u t E=800mV. 

The p a s s i v a t i o n c u r r e n t d e n s i t i e s ( J P ) i n c r e a s e r a p i d l y 
b e t w e e n 0.55 a n d 2.8 mA/cm 2, a c c o r d i n g t o t h e d i s m i n u t i o n o f pH. 

T h e s e r e s u l t s w o u l d i n d i c a t e t h a t p a s s i v e l a y e r s became more 
u n s t a b l e as t h e s o l u t i o n ' s a c i d i t y d e c r e a s e s . 
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