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SOLAR SELECTIVE BLACK Ni-Cd ALLOY COATINGS FOR ELECTRO DEPOSITION 
PEREZ RODA, J u l i o , SCTO FERNANDEZ, Fernando and TRUJILLO ESPINOSA Fr a n 
c i s c o . 
ESCUELA UNIVERSITARIA DE INGENIERIA TECNICA INDUSTRIAL. ALGECIRAS 

INTRODUCTION.- E l e c t r o d e p o s i t e d b l a c k c o a t i n g s have g e n e r a l l y been u¬
sed f o r d e c o r a t i v e porpouses, however, the a p p l i c a t i o n o f these b l a c k 
e l e c t r o d e p o s i t s as s o l a r s e l e c t i v e c o a t i n g s has been o f g r e a t i n t e r e s t 
i n the p a s t 6 t o 8 y e a r s . A v e r i e t y o f b l a c k c o a t i n g such as b l a c k N i , 

1-3 
b l a c k Cr , a l l o y c o a t i n g s have been s t u d i e d by many a u t h o r s . 

I n t h i s paper the a u t h o r s r e p o r t the developmet o f b l a c k n i c k e l - c a d 
mium c o a t i n g s as a s e l e c t i v e s u r f a c e f o r s o l a r energy u t i l i z a t i o n . The 
e f f e c t o f c o m p o s i t i o n o f the e l e c t r o l i t e and o p e r a t i n g c o d i t i o n s on the 
appearance and perfomance o f the c o a t i n g has been s t u d i e d . 

EXPERIMENTAL.- The samples p l a t e d were 35x100 mm. metal p i e c e s . S t e e l 
s u b s t r a t e were n i c k e l p l a t e d t o a t h i c k n e s s o f 10 m i c r a s p r i o r t o de
p o s i t i o n o f b l a c k Ni-Cd. N i c k e l p l a t i n g was c a r r i e d out from a low con
c e n t r a t i o n N i e l e c t r o l y t e used i n our p r e v i o u s s t u d i e s . 

N i c k e l s u l f a t e 100 g/1 
Cadmium s u l f a t e 15 " 
Ammonium t h i o c y a n a t e .... 10 11 

Coumarin 0,1 . " 
Formaldehyde 0,1 ml/1 

A l l the Chemicals used were o f l a b o r a t o r y r e a g e n t grade. 
E l e c t r o l y t i c n i c k e l anodes were used f o r both H u l l c e l l s t u d i e s and 
p l a t i n g . To judge the q u a l i t y o f the c o a t i n g under a spectrum o f c u 
r r e n t d e n s i t i e s , H u l l c e l l experiments were c a r r i e d out w i t h s t a n d a r d 
267 ml c e l l . 
H u l l c e l l s t u d i e s were c a r r i e d out changuing the c o n c e n t r a t i o n o f 
n i c k e l , cadmium, t h i o c y a n a t e , a d d i t i o n agents and o p e r a t i n g parameters 
such as temperature, pH, c u r r e n t d e n s i t y and a c i d e t c h i n g time on the 
appearance o f the c o a t i n g . The code f o r r e c o r d i n g H u l l c e l l i s shown 
i n F i g . 1. 

The p l a t e d samples were s u b j e t e c t o t e r m a l c y c l i n g t e s t s c o r r o s i o n 
s t u d i e s were made w i t h 5% sodium c h l o r i d e n e u t r a l s a l t spray t e s t . 
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concontent, k e e p i n g a l l 
o t h e r v a r i a b l e s c o n s t a n t , 
i s shown i n F i g . 5. The 
c o n c e n t r a t i o n o f ammonium 
t h i o c y a n a t e was v a r i e d from 
5 t o 20 g/1. 
INFLUENCE OF pH.- The s o l u 
t i o n pH was a d j u c t e d e l e c -
t r o m e t r i c a l l y u s i n g d i l u t e 
s u l f u r i c a c i c and ammonia 
and v a r i e d from 3 t o 6. F i g 
6. shows the H u l l c e l l p a t 
tern a t d i f f e r e n t pH v a l u e s . 
THERMAL CYCLING TEST.-

To determine the coa
t i n g ' s a b i l i t y t o w i t h s t a n d 
s h o r t term o v e r h e a t i n g due 
to f a i l u r e t o e x t r a c t h e a t 
from the c o l l e c t o r , t h i s 
t e s t was c a r r i e d out by 
h e a t i n g the p a n e l s i n an 
e l e c t r i c oven t o 300°C 
w i t h i n 30 minutes and main
t a i n e d f o r next 8. hours. 
T h i s was c a r r i e d out f o r 12 
c o n s e c u t i v e days. 
CORROSION RESISTANCE.-

The c o r r o s i o n r e s i s t a n c e 
o f the c o a t i n g was t e s t e d 
w i t h a 5% n e u t r a l s a l t 
s pray t e s t u s i n g s t e e l p l a 
t e d w i t h 10 microns n i c k e l 
and b l a c k nickel-cadmium. 

CONCLUSION 
A b l a c k n i c k e l cadmium 

s e l e c t i v e c o a t i n g has been 

F i g . 4. I n f l u e n c e o f n i c k e l s u l f a t e 
c o n c e n t r a t i o n . 
N i c k e l s u l f a t e g/1: A) 50; B) 100; 
C) 150 

9 WWA + niiiiiiiiiiiiiir 
9 m-///m llllllllll 11+ 

4 
+• 
4 

+ + 
ÎÎ 

5. I n f l u e n c e o f ammonium t h i o -F i L 

c y a n a t e c o n c e n t r a t i o n . 
Ammonium t h i o c y a n a t e g/1: a) 5; 
b) 10; c) 20. 

F i g . 6. I n f l u e n c e o f pH. 
a) 3,5; b) 4,5; c) 6,0 

F i g . 7. I n f l u e n c e o f t e m p e r a t u r e : 
a) 20°C; b) 30°C; c) 40°C 

— 389 — 

RESULTATS AND DISCUSSION.-
INFUECE OF ADDITION AGENS.-
I n c i a l s p e r i m e n t s were c a r 
r i e d out i n a number o f 
e l e c t r o l y t e s c o n t a i n i g n i 
c k e l s u l f a t e , cadmium s u l 
f a t e and ammonium t h i o c y a 
n a t e . In a l l cases the coa
t i n g was found t o be s t r e a 
ky, non-uniform and c o a r s e 
g r a i n e d . 
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F i g 1. Code f o r r e c o r d i n g H u l l cëll 
p a t t e r n . 

To improve the q u a l i t y o f d e p o s i t v a r i o u s a d d i t i o n agent were i n c o r 
p o r a t e d i n the s o l u t i o n , such as ure a , t h i o u r e a , d i h e x i l s u l f o s u c c i n a -
t e , coumarin w i t h formaldehyde e t c . I n d i c a t e d t h a t coumarin w i t h f o r 
maldehyde i s the b e s t a d d i t i v e f o r promoting and adherent, u n i f o r m 
b l a c k c o a t i n g . 
INFLUENCE OF CADMIUM SULFATE CONCENTRATION.-

The cadmium s u l f a t e con
c e n t r a t i o n was v a r i e d e d 
from 0 t o 30 g/1 by k e e p i n g 
the c o n c e n t r a t i o n o f n i c k e l 
s u l f a t e 100 g/1, ammonium 
t h i o c y a n a t e 10 g/1, couma
r i n 0,1 g/1, formaldehyde 
0,1 ml/1, pH 4,5 and tempe
r a t u r e 30° C. 
INFLUENCE OF NICKEL SULFATE 
CONCENTRATION.-

N i c k e l s u l f a t e c o n c e n t r a 
t i o n was v a r i e d from 50 t o 
150 g/1. 

F i g u r e 4 shows the H u l l 
c e l l pattern u s i n g 2 A H u l l 
c e l l c u r r e n t f o r 60 secons. 
INFLUENCE OF THIOCYANATE 
CONCENTRATION.- The e f f e c t 
o f v a r i a t i o n o f t h i o c y a n a t e ' 
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F i g . 2. I n f l u e n c e o f a d d i t i o n a g e n t 
a) C o u m a r i n 0,1 g/1 a n d f o r m a l d e 

h y de 0,1 ml/1 
b) Sodium d i h e x i l s u l f o s u c c i n a t e 

0,5 g/1 
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F i g . 3. I n f l u e n c e o f cadmium s u l f a 
te c o n c e n t r a t i o n , a) 0 gr/1. B) 10 
gr/1. C) 15 g r / 1 . D) 30 gr/1. 
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s t u d i e d f o r s o l a r energy 
c o n v e r s i o n . 

Based on the i n v e s t i g a g a -
t i o n , the f o l l o w i n g compo
s i t i o n and o p e r a t i n g c o n d i 
t i o n s a re recomended: 
N i c k e l s u l f a t e .. 100 
Cadmium s u l f a t e . 15 
Ammonium t h i o c y a n a t e 10 
Coumarin 
Formaldehyde 
pH  
Temperature .... 
Cu r r e n t d e n s i t y 
P l a t i n g time . . 

g/1 

0,1 " 
0,1 ml/1 
4,5-5,0 
20-30° C 

. 2 3-4 a I dm 
45-60 s e c 

A/dm2 

6 5 4 
T ~ i — r 
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F i g . 8. I n f l u e n c e o f a c i d e t c h i n g 
a) before e t c h i n g ; b) a f t e r e t c h i n g 
i n 5% v / v h y d r o c h l o r i c a c i d 25 sec. 

The d e p o s i t immersed i n 5% v/v h y d r o c h l o r i c a c i d f o r 20 t o 30 secons 
to develop i s t f u l l b l a c k c o l o r . Based on t h i s i n v e s t i g a t i o n , a 5 l i t e r 
s o l u t i o n has been o p e r a t e d s a t i s f a c t o r i l y . 

F u r t h e r work i n ne c e s s a r y t o measure abs o r p t a n c e and e m i t t a n c e . 
C o r r o s i o n s t u d i e s i n d i c a t e d the s t a b i l i t y o f the c o a t i n g . Thermal c y 
c l i n g t e s t s a l s o show the d u r a b i l i t y o f the c o a t i n g f o r use i n h i g h e r 
temperature a p p l i c a t i o n s . 
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P O L A R I Z A T I O N CURVES OF THE ATMOSPHERIC CORROSION PHENOMENA 

J . A . González a n d E. O t e r o 

C e n t r o N a c i o n a l de I n v e s t i g a c i o n e s Metalúrgicas. M a d r i d (Spain) 

INTRODUCTION 
S i n c e a t m o s p h e r i c c o r r o s i o n i s a s l o w p r o c e s s , n a t u r a l t e s t s 
f o r t h e d i r e c t m e a s u r e m e n t s o f c o r r o s i o n r e q u i r e v e r y l o n g 
p e r i o d s o f t i m e . 

Many r e s e a r c h e r s h a v e s t r i v e n t o f i n d an a l t e r n a t i v e e l e c t r o 
c h e m i c a l a p p r o a c h t o r e p l a c e t h e c l a s s i c a l g r a v i m e t r i c p r o 
c e d u r e s . The p i o n e e r w o r k s o f T o m a s h o v ( 1 ) a n d S e r e d a ( 2 ) 
r e g a r d i n g t h e d e s i g n a n d u s e o f m u l t i l a m e l l a r e l e c t r o c h e m i c a l 
c e l l s known a s EACM ( E l e c t r o c h e m i c a l A t m o s p h e r i c C o r r o s i o n 
M o n i t o r s ) a r e w o r t h m e n t i o n i n g . 

A g r e a t d e a l o f p r o g r e s s i n t h i s l i n e i s , n e v e r t h e l e s s , due 
t o M a n s f e l d ( 3 - 5 ) a n d t o S w e d i s h a n d N o r w e g i a n r e s e a r c h 
w o r k e r s ( 6 - 8 ) who h a v e f o r w a r d e d a n e m p i r i c a l r e l a t i o n s h i p 
b e t w e e n t h e c u r r e n t f l o w i n g t h r o u g h t h e c e l l a n d t h e a t m o s 
p h e r i c c o r r o s i o n r a t e . 

MATERIALS AND METHODS 

W i t h t h e u s u a l EACM ( f i g u r e 1 a ) u s e i s made o f t h e d u a l e l e c 
t r o d e t e c h n i q u e f o r d e t e r m i n a t i o n o f t h e p o l a r i z a t i o n r e s i s 
t a n c e , R ( 9 ) . I t i s a s s u m e d t h a t t h e i m p o s e d p o l a r i z a t i o n , 
±10 mV, ? s e q u a l l y d i s t r i b u t e d b e t w e e n a n o d e s a n d c a t h o d e s , 
s i n c e t h e y a r e o f t h e same m a t e r i a l . F o r h i g h e r p o l a r i z a t i o n s , 
h o w e v e r , t h e s h a r i n g b e t w e e n a n o d e s a n d c a t h o d e s o f t h e A E 
i m p o s e d b y t h e p o t e n c i o s t a t i s u n k n o w n a n d p l o t t i n g o f p o l a 
r i z a t i o n c u r v e s i s i m p o s s i b l e . -Some a d d i t i o n a l i n f o r m a t i o n 
i s t h u s l o s t w i c h c o u l d be v a l u a b l e f o r a b e t t e r u n d e r s t a n 
d i n g s o f t h e a t m o s p h e r i c c o r r o s i o n p h e n o m e n o n . 

I n a a t t e m p t t o o v e r c o m e t h e l i m i t a t i o n m e n t i o n e d , t h e d e s i g n 
o f t h e u s u a l EACM was m o d i f i e d , a c e n t r a l m e t a l f o i l i s l e f t 
u n c o n n e c t e d t o t h e o t h e r s , s o t h a t i t c a n s e r v e a s a r e f e 
r e n c e e l e c t r o d e n o t p o l a r i s e d b y t h e p o t e n t i o s t a t d u r i n g 
t h e m e a s u r e m e n t ( f i g u r e 1 b ) . W i t h t h e new EACM t h e 3 - e l e c t r o d e 
t e c h n i q u e c a n b e u s e d , i n o r d e r t o a p p l y t h e h i g h p o l a r i z a t i o n s 
r e q u i r e d t o o b t a i n p o l a r i s a t i o n c u r v e s . 
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