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ELECTRODEPOSITION AND SURFACE T R E A T M E N T STUDIES H 
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A b s t r a c t 
Despite the high success rate with the use of stainless steel and t i tanium 
mater ia ls in or thopaed ic and dent i s t ry for hard t i ssue rep lacement , repai r 
and a u g m e n t a t i o n p r o c e d u r e s , it b e c a m e apparen t that biodégradation of 
these implan ts did occur . In order to inves t iga te the systemic effects of 
corros ion produc ts re leased from these meta l l ic implan t s , in vitro and in 
vivo s tud ies were u n d e r t a k e n . The resu l t s of these s tudies revels that 
significant levels of metal species are released into the biological t i ssues . 
The proper t ies and advan tages of microe lec t rodes makes them useful tools 
for quant i f ica t ion and charac te r i sa t ion of re leased metal species ei ther by 
p e r f o r m i n g in vitro or in vivo s tudies . Microe lec t rodes are also used to 
evaluate the surface modi f ica t ion and minera l i za t ion p rocesses that occurs 
at the implants surface. The goal of these studies is to develop a select ive 
microe lec t rode ' which should be able to monitor the species involved in the 
biodégradation and mine ra l i z a t i on p r o c e s s e s . 
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U n i t e d S t a t e s e a c h y e a r a p p r o x i m a t e l y 1 5 0 , 0 0 0 to ta l h i p and 1 0 0 , 0 0 0 total 
k n e e r e p l a c e m e n t s a re p e r f o r m e d . T h e i n d i c a t o r s a r e tha t t h e s e n u m b e r s 
wil l i nc r ea se in the near fu ture , due to the age ing of p o p u l a t i o n and a l so to 
the fac t t h a t a y o u n g e r p o p u l a t i o n is b e i n g s u b j e c t q u i t e o f t e n to 
r e p l a c e m e n t s in b o n e and tee th [1] , 

D e s p i t e the ef for ts d o n e in the m a t e r i a l s s c i e n c e a rea for d e v e l o p i n g 
n e w m a t e r i a l s such as p o l y m e r s , b i o c e r a m i c s , c o m p o s i t e s , m e m b r a n e s , e t c . , 
the i m p l a n t i n d u s t r y is a l m o s t e x c l u s i v e l y l im i t ed to the m e c h a n i c a l and 
c o r r o s i o n r e s i s t a n t m e t a l s [ 2 ] . H o w e v e r , s o m e a p a t i t e s a r e f i n d i n g 
i n c r e a s i n g app l i ca t i on in den t i s t ry as tooth f i l l ing m a t e r i a l s [3 ] . A l s o the use 
of s y n t h e t i c m a t e r i a l s ( e .g . P M M A , P V C , P A N I , e tc . ) for a p p l i c a t i o n s as 
s u r g i c a l i m p l a n t s h a v e r a i s e d a d d i t i o n a l q u e s t i o n s r e l a t ed to the s y s t e m i c 
ef fec ts p r o v o k e d by the r e l e a s e of m a t e r i a l s d e b r i s , m e c h a n i c a l p r o p e r t i e s 
and l i f e - t i m e . 

S u r g i c a l m a t e r i a l s in c o m m o n use for i m p l a n t s t oday i n c l u d e s t a i n l e s s 
s tee l s ( F e - N i - C r - M o ) , c o b a l t a l loys ( C o - C r - M o ) , t i t an ium a l loys ( T i - 6 A 1 - 4 V ) , 
and p u r e t i t a n i u m (Ti) [ 2 , 4 - 6 ] . In T a b l e 1 it is r e p r e s e n t e d the c h e m i c a l 
c o m p o s i t i o n of these a l loys in t e rms of e l e m e n t w e i g h t p e r c e n t a g e . F o r the 
d e n t a l f i e ld , a v a r i e t y of m e t a l s and a l l o y s h a v e b e e n c o m b i n e d for 
in t r ao ra l c r o w n and b r i d g e p r o s t h e s e s (e .g . Au and A u - C u - S n , Pd and Pd-
P t -Ag , A g - C u - S n , A g - C u - S n - H g , N i -Cr and N i - C r - B e , and C u - Z n ) [7] bu t their 
use is r a the r l im i t ed . 

T a b l e 1 - C h e m i c a l c o m p o s i t i o n of surgica l meta l a l loys (we igh t %) 
^ \ E l e m e n t (%) 

Alloy 
Fe Cr Ni Mo Mn Co Si Ti AI C V 

SS 3164 62 18 14 3 2 0.41 0.03 

Co-Cr-Mo 0.75 28.5 1 6 1 60 1 0.35 

TÎ-6AI-4V 0.25 89 6 4 

Ti 99.99 

T h e su rv iva l of s o m e of the m o r e success fu l i m p l a n t s is g rea t e r than 
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9 0 % at 10 y e a r s . H o w e v e r , no p r o s t h e s i s c a n b e e x p e c t e d to l a s t 
i nde f in i t e ly w i t h o u t s o m e a d v e r s e effects on the hos t . T h e r e f o r e t he c h o i c e 
of m a t e r i a l s to be used in any m e d i c a l d e v i c e has p r o v e n to be a c ruc i a l 
f ac to r for i t s s u c c e s s o r f a i l u r e . T h e o b j e c t i v i t y c r i t e r i a for c h o o s i n g a 
b i o m a t e r i a l a r e : i) m e c h a n i c a l p r o p e r t i e s ; i i) b iosa fe ty ; i i i) b i o c o m p a t i b i l i t y ; 
iv) b i o f u n c t i o n a l i t y . T h u s any b i o m a t e r i a l to b e i m p l a n t e d in the h u m a n 
b o d y m u s t b e safe for the pa t i en t , i .e . it m u s t be c o m p a t i b l e w i t h t i s sues 
[ 8 - 9 ] . A s a c o n s e q u e n c e , t h o s e b i o m a t e r i a l s a i m e d for p r o l o n g e d c o n t a c t 
w i th t he b o d y f lu ids , h a v e to be e v a l u a t e d wi th r e s p e c t to the i r b i o l o g i c a l 
safety and b i o c o m p a t i b i l i t y . T o p e r f o r m th is e v a l u a t i o n a w i d e va r i e ty of in 
vitro and in vivo p r o c e d u r e s h a v e b e e n u s e d , w i t h v a r y i n g d e g r e e s of 
s u c c e s s a n d a c c e p t a b i l i t y [ 1 0 - 1 3 ] . A r e c e n t r e v i e w on r e q u i r e m e n t s of 
m a t e r i a l s fo r m e d i c a l d e v i c e s w a s w r i t t e n by S o u s a [ 1 4 ] , w h e r e t he 
f u n d a m e n t a l f ea tu re s of the f u n c t i o n i n g , e v a l u a t i o n and i m p l i c a t i o n s of any 
d e v i c e w e r e a d d r e s s e d . 

In t h i s p a p e r , s p e c i a l a t t e n t i o n w i l l b e f o c u s e d in t h e u s e of 
m i c r o e l e c t r o d e s e i t h e r as q u a l i t a t i v e o r q u a n t i t a t i v e t o o l s in t h e 
b i o m a t e r i a l s f i e l d . T h e i r a p p l i c a t i o n in t h i s a r e a t o o k p l a c e a t o u r 
l a b o r a t o r y a l m o s t fou r y e a r s a g o a n d s i n c e t h e n s e v e r a l p a p e r s w e r e 
p u b l i s h e d in t h e l i t e r a t u r e o r p r e s e n t e d a t I n t e r n a t i o n a l S c i e n t i f i c 
C o n f e r e n c e s . S o m e f u n d a m e n t a l a p p l i c a t i o n s of m i c r o e l e c t r o d e s w i l l b e 
r e p o r t e d a n d d i s c u s s e d w h i c h e m p h a s i s e s t h e i r p o t e n t i a l u s e in 
biodégradation s t u d i e s , m e t a l l i c e l e c t r o d e p o s i t i o n and s u r f a c e t r e a t m e n t of 
b i o m a t e r i a l s . 

2. Biodégradation of metallic biomaterials 
T h e r e l e a s e of s o m e m e t a l i ons f rom i m p l a n t e d m e t a l l i c d e v i c e s in to 

t h e e l e c t r o l y t e of t h e h u m a n b o d y e n v i r o n m e n t is t h e r m o d y n a m i c a l l y 
i n e v i t a b l e . A f t e r s o m e a c c u m u l a t i o n of the r e l e a s e d s p e c i e s a t , n e a r o r 
far ther of the su r face of the m e t a l or a l loys o c c u r e d , h o w e v e r , c o n t i n u a t i o n 
and t he r a t e of r e l e a s e d e p e n d on c o m p l e x t h e r m o d y n a m i c , k i n e t i c and 
m e c h a n i s t i c f ac to r s . T h e biodégradation p r o c e s s is s h o w n in F ig . 1. In 1970 , 
F o n t a n a [ 1 5 ] h a s a l r e a d y s t a t e d t h a t c o r r o s i o n of m e t a l l i c m a t e r i a l s 
c o m p r e h e n d s 8 d i s t i n c t f o r m s b e i n g the m o s t r e l e v a n t c r e v i c e c o r r o s i o n , 
p i t t i n g , e r o s i o n a n d f r e t t i n g , a n d f i na l l y s t r e s s c o r r o s i o n a n d c o r r o s i o n 
e n h a n c e d f a t i g u e . 
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Interface 

AISI 316L SS 
61 - 68% Fe 
17 - 20% Cr 
13 -16% Ni 
2.3-3.5% Mo 

Biological tissue « 
• * • • • 

Fe * • • * 
C r * . • « 
Ni . • . • 
Mo • • 

• • • • • 
. Physiological fluids 

Eliminated 
(e.g. urine, faeces, 
reproductive systems, 
etc.) 

Accumulated 
(e.g. surrounding tissues, 
liver, kidney, splee, etc.) 

F i g u r e 1 - S c h e m a t i c r e p r e s e n t a t i o n of t he A I S I 3 1 6 L s t a i n l e s s s t e e l 
biodégradation p r o c e s s . 

T h e c o r r o s i o n of m o d e r n m e t a l l i c b i o m a t e r i a l s is so s m a l l t h a t a 
m a t e r i a l l o s s is a l m o s t n o n - v i s i b l e no r it c a n be w e i g h t e d . H o w e v e r , 
m i c r o s c o p i c a n a l y s i s of r e t r i e v e d i m p l a n t s h a v e s h o w n t h a t s u r f a c e 
c o r r o s i o n , i n d e e d , o c c u r s [ 2 , 1 6 ] . F u r t h e r m o r e the i n g e s t i o n of s p e c i e s of 
m e t a l c o m p o u n d s wi th n u t r i t i o n w h i c h e n t e r s the b l o o d s t r e a m , i .e . b e i n g 
m e t a b o l i s e d or s t o r e d in o r g a n s and t i s s u e s c o n t r i b u t e s for a r a t h e r 
i n c o m p l e t e l y k n o w n d i s t r i b u t i o n of the r e l e a s e d s p e c i e s on t he b o d y . 
A l t h o u g h t he a n s w e r to t he q u e s t i o n " w h a t a r e the n o r m a l m e t a l 
c o n c e n t r a t i o n in t i s s u e ? " d e p e n d s of seve ra l f unc t i ona l f ac to r s as we l l as 
from p e r s o n to p e r s o n , m e a n v a l u e s for i ron (Fe ) , n i cke l (N i ) , c h r o m i u m 
( C r ) , c o b a l t ( C o ) , e t c . , in b i o l o g i c a l s a m p l e s h a v e b e e n r e p o r t e d in the 
l i t e r a t u r e [ 1 6 - 1 7 ] . 

H i s t o l o g i c a l s t u d i e s p e r f o r m e d on b i o l o g i c a l t i s s u e s , s u r r o u n d i n g the 
m e t a l l i c i m p l a n t s e i t h e r in h u m a n s or test a n i m a l s h a v e d e m o n s t r a t e d the 
o c c u r r e n c e of p r o l i f e r a t i o n of p a t h o l o g i c a l ce l l s and t i s s u e v a s c u l a r i z a t i o n 
[ 1 8 - 1 9 ] . Q u a n t i f i c a t i o n of m e t a l s p e c i e s in t h e s e s u r r o u n d i n g t i s s u e s by 
a t o m i c a b s o r p t i o n s p e c t r o m e t r y ( A A S ) c l e a r l y i n d i c a t e s t h a t t h e y 
p r e f e r e n t i a l l y a c c u m u l a t e in this r eg ion . In Figs . 2 and 3 it is s h o w n this 
p a t t e r n of b e h a v i o u r for b i o l o g i c a l s a m p l e s of p ig l e t s h a v i n g i m p l a n t e d in 
o n e r e a r ea r e i t h e r A I S I 3 1 6 L s t a i n l e s s s tee l or p u r e t i t a n i u m i m p l a n t s , 
r e s p e c t i v e l y . T h e b i o m a t e r i a l s w e r e i m p l a n t e d in the b a c k r i g h t e a r 
w h e r e a s the con t ro l s a m p l e s were taken from the s a m e r eg ion of the left 
ea r . F r o m t h e s e f i g u r e s o n e c a n n o t say tha t the a m o u n t of m e t a l i ons 
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r e l e a s e d in to the b i o l o g i c a l t i s sues i n c r e a s e s w i t h t i m e , bu t tha t t hey are 
h i g h e r nea r the i m p l a n t , i .e. t he re m u s t be a b i o m a t e r i a l / t i s s u e r e a c t i o n . 

Iron 

Days of implant 

Nickel 

Days of implant 

Chromium 

Days of implant 

f-igure 2 - A t o m i c a b s o r p t i o n s p e c t r o m e t r y a n a l y s i s of b i o l o g i c a l t i s s u e s 
s u r r o u n d i n g an A I S I 3 1 6 L s t a i n l e s s s tee l i m p l a n t a n d c o n t r o l 
s a m p l e s : (A) i ron l eve l s ; (B) n icke l l eve l s ; (C) c h r o m i u m l eve l s . 
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Days of implant 

F i g u r e 3 - R e s u l t s of T i a n a l y s i s o b t a i n e d by a t o m i c a b s o r p t i o n 
s p e c t r o m e t r y in b i o l o g i c a l t i s s u e s s u r r o u n d i n g a t i t a n i u m 
i m p l a n t and c o n t r o l s a m p l e s . 

B a e s e t al . [20] h a v e s u g g e s t e d tha t the me ta l s r e l e a s e d f rom m e t a l l i c 
i m p l a n t s i n i t i a l l y f o r m s h y d r o x i d e s , h y d r o u s o x i d e s , a n d o x i d e s , i . e . 
s p a r i n g l y s o l u b l e sa l t s , and o c c a s i o n a l l y c o m p l e x e s , e .g . h a l i d e s . T h e c a s e s 
of n i c k e l , c h r o m i u m a n d t i t a n i u m s e r v e to i l l u s t r a t e th is b e h a v i o u r and is 
r e p r e s e n t e d in F ig . 4 . At p h y s i o l o g i c a l p H va lues , the f a v o u r e d s p e c i e s a re 
Ni(OH) (aq.), C r ( O H ) + and Ti (OH) ( a q . ) . 

3. M i c r o e l e c t r o d e s in biodégradation s t u d i e s 
T h e p r o p e r t i e s , a d v a n t a g e s and a p p l i c a t i o n s of m i c r o e l e c t r o d e s h a v e 

b e e n r e p o r t e d in t h e l i t e r a t u r e [ 2 1 - 2 4 ] . T h e y h a v e b e e n u s e d b o t h in 
f u n d a m e n t a l a n d a p p l i e d e l e c t r o c h e m i s t r y s t u d i e s and the i r p o p u l a r i t y has 
i n c r e a s e d b e c a u s e t hey i m p r o v e g r e a t l y the qua l i t y of e x p e r i m e n t a l d a t a , 
a l l o w s to a c c e s s nove l d a t a on c o n v e n t i o n a l s y s t e m s , and fac i l i t a te a r a n g e 
of n e w e x p e r i m e n t s . 

T h e c h a l l e n g e of d e v e l o p i n g r e l i a b l e i m p l a n t a b l e e l e c t r o c h e m i c a l 
s e n s o r s i s , h o w e v e r , c o n s i d e r a b l y g r e a t e r t h a n d e s i g n i n g s e n s o r s for 
d i s c r e t e in vitro tes t i n s t r u m e n t a t i o n . M i c r o e l e c t r o d e s t y p e d e v i c e s a re the 
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10 14 
pH VALUE 

Figu re 4 - D i s t r i b u t i o n of re l ea sed p r o d u c t s as s h o w n by B a e s and M e s m e r 
[20] in p h y s i o l o g i c a l s e rum. 

p re fe r r ed a p p r o a c h . I ndeed , t hese d e v i c e s can be used e i t he r in vitro or in 
vivo w i t h o u t c a u s i n g d i s t u r b a n c e in the e n v i r o n m e n t and at the s a m e t ime 
y i e l d i n g r e l i ab l e r e su l t s . T h e goal is to des ign and d e v e l o p p r o b e s tha t are 
sma l l e n o u g h to s l ide d o w n in the i n t e n d e d m e d i a so as to be in c o n t a c t 
wi th the i m p l a n t e d b i o m a t e r i a l s . In add i t i on , s ince it is d e s i r a b l e to p r o v i d e 
m u l t i p a r a m e t e r m e a s u r e m e n t s , i dea l ly the s e n s o r s need to be m i n i a t u r i s e d 
and m u s t be c a p a b l e of m e a s u r i n g the p a r a m e t e r of i n t e r e s t w i t h i n a 
d y n a m i c r a n g e c o m p a t i b l e w i th the e x p e c t e d p h y s i o l o g i c a l v a r i a b i l i t y of 
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t hose spec i e s in the b o d y [26] . T h e r e s p o n s e t ime of each s e n s o r s h o u l d be 
r a p i d (< 1 m i n . ) . O t h e r r e q u i r e m e n t s i n c l u d e t he a b i l i t y to s t e r i l i s e , 
b i o c o m p a t i b i l i t y , n o n - i n v a s i v e , a b s e n c e of s h a r p e d g e s , and the ab i l i t y to 
r e t a i n c a l i b r a t i o n s t a b i l i t i e s d u r i n g p r o l o n g e d e x p o s u r e in the b i o l o g i c a l 
e n v i r o n m e n t s . 

T h u s , b e a r i n g in m i n d the a b o v e s t a t e m e n t s and r e q u i r e m e n t s of 
e l e c t r o c h e m i c a l s e n s o r s , m e t a l l i c m i c r o e l e c t r o d e s h a v e been d e v e l o p e d at 
our g r o u p e s p e c i a l l y d e s i g n e d for m o n i t o r i n g m e t a l l i c s p e c i e s r e l e a s e d from 
m e t a l l i c i m p l a n t s [ 2 7 ] . S o far , o n l y q u a n t i t a t i v e a n d 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 s a t i o n of few m e t a l l i c spec i e s (e .g . F e 3 + , F e 2 + , N i 2 + , and T i 4 + ) 
h a v e been ca r r i ed out e i t h e r by p e r f o r m i n g in vitro or in vivo s t ud i e s in 
p h y s i o l o g i c a l so lu t ion ( H B S S w h i c h s i m u l a t e s the c o m p o s i t i o n of the b o d y 
e x t r a c e l l u l a r f lu ids ) and m i c e o r g a n s ( e . g . l ive r , k i d n e y and s p l e e n ) as 
r e p o r t e d e l s e w h e r e [ 2 8 - 3 4 ] . T h e a t t a i n e d r e s u l t s s t r o n g l y e n c o u r a g e s the 
i d e a of u s i n g m i c r o e l e c t r o d e s as a q u a n t i t a t i v e t e c h n i q u e to m o n i t o r 
fu r the r m e t a l ions r e l e a s e d from i m p l a n t e d m a t e r i a l s . Fo r i n s t a n c e , Au 
m i c r o e l e c t r o d e s w e r e u s e d to q u a n t i f y i ron l e v e l s in m i c e o r g a n s 
p r e v i o u s l y t r e a t ed ( s u b c u t a n e o u s i n j e c t i o n ) wi th a m e t a l l i c s l u r r y w h i c h 
s i m u l a t e s the c o m p o s i t i o n of the A I S I 3 1 6 L SS b i o m a t e r i a l c o r r o s i o n 
s p e c i e s . T h e o b t a i n e d c y c l i c v o l t a m m o g r a m for tota l i ron in a s p l e e n 
s a m p l e after ac id ic d iges t i on on a m i c r o w a v e oven is r e p r e s e n t e d in Fig . 5. 
' 1 . 0 0 E - 0 7 | l 

- 1 . 0 0 E - 0 7 -

< c 

- 3 . 0 0 E - 0 7 -

- 5 . 0 0 E - 0 7 -I 1 1 1 

- 1 . 5 - 1 . 0 - 0 . 5 0.0 

E / (V vs SCE) 

Figu re 5 - S t e a d y - s t a t e v o l t a m m o g r a m of iron in a m o u s e sp l een s a m p l e 
us ing a Au m i c r o e l e c t r o d e (d = 25 urn) at V = 500 m V / s . 
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F r o m the a m p l i t u d e of the l i m i t i n g c u r r e n t and m a k i n g u s e of the 
Cot t re l l e q u a t i o n , us ing a diffusion coef f ic ien t of 6.36 x 10"5 c m ^ / s [ 2 8 , 3 3 ] , 
a c o n c e n t r a t i o n of 2 . 0 5 0 p p m was a c h i e v e d . S i m i l a r s t u d i e s p e r f o r m e d for 
l iver and k i d n e y s a m p l e s h a v e a lso a l l o w e d to quan t i fy i ron l eve l s in these 
s a m p l e s . In o r d e r to ver i fy w h e t h e r t h e s e r e s u l t s w e r e r e l i a b l e or not , 
q u a n t i f i c a t i o n of iron leve ls in the s a m e s a m p l e s w e r e p e r f o r m e d by a wel l 
e s t a b l i s h e d s p e c t r o m e t r i c t e c h n i q u e , i .e . a t o m i c a b s o r p t i o n s p e c t r o m e t r y 
( A A S ) [ 3 3 - 3 4 ] . T h e r e su l t s o b t a i n e d by bo th t e c h n i q u e s a re r e p r e s e n t e d in 
T a b l e 2 . F r o m this t ab le it is c lear that , i ndeed , m i c r o e l e c t r o d e s is a very 
s u i t a b l e and p r o m i s i n g q u a n t i t a t i v e t e c h n i q u e . 

T a b l e 2 - Quan t i f i c a t i on of iron levels in m i c e o rgans (e .g . l iver , k i d n e y and 
s p l e e n ) by A A S and Au m i c r o e l e c t r o d e s . 

Organs EAA (ppm) VC (ppm) 

Liver 8.105 8.337 

Kidney 1.117 0.899 

Spleen 2.138 2.050 

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 s a t i o n of i ron s p e c i e s in p h y s i o l o g i c a l 
m e d i a u s i n g Pt m i c r o e l e c t r o d e s s h o w tha t t hey h a v e a q u a s i - r e v e r s i b l e 
b e h a v i o u r and that the p r o c e s s is diffusion con t ro l l ed [28 , 3 0 - 3 1 ] . A l s o the 
k i n e t i c p a r a m e t e r s s u c h as a , E° a n d k° w e r e e s t i m a t e d b o t h in 
p h y s i o l o g i c a l m e d i a [29 ,31] and o s t e o b l a s t - l i k e cel l c u l t u r e s m e d i u m [ 3 5 ] . 

C u r r e n t l y , q u a n t i f i c a t i o n of n i c k e l s p e c i e s in o s t e o b l a s t - l i k e ce l l 
c u l t u r e s a n d m o u s e o r g a n s ( e . g . l i v e r , k i d n e y a n d s p l e e n ) is b e i n g 
p e r f o r m e d u s i n g Au m i c r o e l e c t r o d e s at w h i c h a m e r c u r y film is g r o w n by 
p o t e n t i o s t a t i c m e a n s [ 3 6 - 3 7 ] . T h e q u a n t i f i c a t i o n of n i c k e l in t h e s e 
e n v i r o n m e n t s by p e r f o r m i n g s q u a r e w a v e v o l t a m m e t r y ( S Q V ) h a s p r o v e n 
to be a v e r y p r o m i s i n g t e c h n i q u e and e v e n m o r e r e l i a b l e t h a n A A S . 
F u r t h e r m e t a l ions to be i n v e s t i g a t e d and q u a n t i f i e d by m i c r o e l e c t r o d e s 
are c h r o m i u m and t i t a n i u m , s i n c e t hey are a l s o r e l e a s e d f rom m e t a l l i c 
i m p l a n t s d u e to biodégradation p r o c e s s e s . 



- 2 5 6 -

T h e w o r k a h e a d in th is a rea cons i s t s of m o d i f y i n g the m i c r o e l e c t r o d e 
t ip w i t h a p o l y m e r i c s e l e c t i v e m e m b r a n e , m a d e of a b i o c o m p a t i b l e 
m a t e r i a l . T h e a im is to p r o d u c e a re l i ab le e l e c t r o c h e m i c a l s e n s o r to use in 
situ for m o n i t o r i n g meta l ion levels in pa t ien t s c a r r y i n g a me ta l l i c i m p l a n t . 

4. E l e c t r o d e p o s i t i o n s t u d i e s 
S i l v e r is an i m p o r t a n t a l l o y i n g e l e m e n t in the p r o d u c t i o n of g o l d 

den ta l a l l o y s . In this g r o u p of b i o m a t e r i a l s the m o s t w i d e l y u s e d are A g -
Au, A g - P d , and A u - A g - C u . T h e i r c o m p o s i t i o n is r ep re sen t ed in T a b l e 3 [38 ] . 

T a b l e 3 - C h e m i c a l c o m p o s i t i o n of gold den ta l a l loys ( w e i g h t %) 

Alloy Au Ag Cu Pd 

Au - Ag - Cu 26.0 11.0 63.0 

Ag - Au 20.0 80.0 

Ag - Pd 0.86 74.0 0.14 25.0 

E l e c t r o d e p o s i t i o n s t u d i e s a r e u s e f u l for u n d e r s t a n d i n g t h e 
biodégradation b e h a v i o u r of a l l oys ove r a wide- r a n g e of p o t e n t i a l s . It is 
t h o u g h t t h a t t h e e l e c t r o d e p o s i t i o n b e h a v i o u r c h a n g e s w i t h t h e 
o v e r p o t e n t i a l d u r i n g the biodégradation p r o c e s s . For the a l l o y s c o n t a i n i n g 
n o b l e e l e m e n t s , it is k n o w n that they r e a r r a n g e and form an is land on the 
a l l o y s u r f a c e [39] . T h e r e f o r e , the k n o w l e d g e of the- e l e c t r o d e p o s i t i o n 
b e h a v i o u r e n a b l e s to i m p r o v e o u r u n d e r s t a n d i n g t o w a r d s t h e 
biodégradation p r o c e s s , n a m e l y t h e s t e p s i n v o l v e d , k i n e t i c s a n d 
t h e r m o d y n a m i c p a r a m e t e r s . 

S e v e r a l s t u d i e s d e a l i n g w i t h s i l v e r e l e c t r o d e p o s i t i o n u s i n g 
m i c r o e l e c t r o d e s have been p u b l i s h e d in the l i t e ra tu re [ 4 0 - 4 5 ] . T h e a im of 
those s t u d i e s w a s to c h a r a c t e r i s e the s i lve r c e n t r e s g r o w t h as wel l as to 
a c c e s s k i n e t i c a n d t h e r m o d y n a m i c p a r a m e t e r s on the e l e c t r o n u c l e a t i o n 
p r o c e s s . T h e a u t h o r s h a v e f o u n d tha t the g r o w t h of s i l v e r c e n t r e s is 
diffusion con t ro l l ed at long t imes w h e r e a s at shor t t imes ( l o w e r than l s) is 
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k i n e t i c a l l y c o n t r o l l e d . A l s o t he n u c l e a t i o n t y p e , i . e . p r o g r e s s i v e or 
i n s t a n t a n e o u s w a s a s s e s s e d . 

A m o r e c o m p r e h e n s i v e s tudy was p e r f o r m e d by S o u s a e t al . [ 4 6 - 4 8 ] , 
a i m i n g to i n v e s t i g a t e the s i l ve r e l e c t r o d e p o s i t i o n p r o c e s s at t he m o l e c u l a r 
l eve l , u s i n g c a r b o n m i c r o e l e c t r o d e s ( d i a m e t e r of 5 |xm) by p o t e n t i o s t a t i c 
m e a n s . T h e t y p i c a l v o l t a m m o g r a m for s i l ve r e l e c t r o d e p o s i t i o n , u n d e r t he 
e x p e r i m e n t a l c o n d i t i o n s u s e d is s h o w n in F i g . 6. T h i s v o l t a m m o g r a m 
d i s p l a y the c h a r a c t e r i s t i c f ea tu re s of n u c l e a t i o n and p h a s e g r o w t h , n a m e l y 
the la rge p e a k s e p a r a t i o n and c r o s s - o v e r on the c a t h o d i c b r a n c h . 

a? o :o5 
0/V vs- Ag 

F i g u r e 6 - C y c l i c v o l t a m m o g r a m for the d e p o s i t i o n of s i lve r o n t o v i t r e o u s 
ca rbon m i c r o e l e c t r o d e (d = 5 p m ) from 5.0 m M AgNC>3 in 0.1 M 
K N O 3 a q u e o u s so lu t ion (so l id l ine) and on ly in 0.1 M K N O 3 

(b roken l ine) at v = 100 m V / s . 

F i g u r e 7 s h o w s the c u r r e n t - t i m e t r ans i en t s for the g r o w t h of s i lve r at 
four o v e r p o t e n t i a l s i n v e s t i g a t e d . It is e v i d e n t tha t o n e c a n n o t o b s e r v e the 
t r a n s i t i o n f rom k i n e t i c to d i f f u s i o n g r o w t h w i t h i n c r e a s i n g t i m e as 
p r e d i c t e d by the t h e o r e t i c a l m o d e l s [ 4 7 - 4 8 ] but , n e v e r t h e l e s s , o n e w o u l d 
e x p e c t s o m e i n f l u e n c e of the t r ans i t i on from k ine t i c c o n t r o l at ve ry s h o r t 
t imes to di f fus ion con t ro l at longe r t i m e s . Indeed , the p lo t of i versus t , / 2 

(F ig . 8) i n d i c a t e s tha t at long t imes the c rys ta l g r o w t h p r o c e s s is e n t i r e l y 
d i f fus ion c o n t r o l l e d . 
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F i g u r e 7 - C u r r e n t - t i m e t r a n s i e n t s for the g r o w t h of Ag on a v i t r e o u s 
c a r b o n m i c r o e l e c t r o d e (d = 5 u rn) from 5.0 m M AgNC-3 in 0.1 M 
K N O 3 a q u e o u s so lu t ion at the ind ica ted o v e r p o t e n t i a l s . 
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F i g u r e 8 - T e s t of t he k i n e t i c s of g r o w t h of Ag c e n t e r s on c a r b o n 
m i c r o e l e c t r o d e s . 
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F r o m the i n d u c t i o n t i m e s and a s s u m i n g tha t the f o r m a t i o n of c e n t r e s 
at the m i c r o e l e c t r o d e s u r f a c e is a r a n d o m p r o c e s s ( f o l l o w i n g a P o i s s o n 
d i s t r i b u t i o n ) it w a s p o s s i b l e to a c c e s s t he f o r m a t i o n r a t e s for s i l v e r 
e l e c t r o d e p o s i t i o n . T h e a t t a ined resu l t s [47] c l ea r ly i n d i c a t e s tha t s i lve r o n c e 
a t t a c h e d to a su r f ace it r a the r s tays and p o s s i b l y g r o w s t h a n d e s e g r e g a t e s . 
T h u s the s i l v e r u s u a l l y m i g r a t e s to t he d e n t a l a l l o y s s u r f a c e , f o r m i n g a 
r e s i s t an t l aye r . F u r t h e r m o r e , S E M ana lys i s h a v e s h o w n tha t at the su r face a 
p a s s i v a t i o n f i lm of s i l ve r c h l o r i d e is f o r m e d d u r i n g the i m p l a n t a t i o n t i m e . 
T h i s p a s s i v e f i lm m a y b e the r e s p o n s i b l e for the l o n g d u r a t i o n of d e n t a l 
a l loys by a v o i d i n g the o c c u r r e n c e of p i t t ing and c r e v i c e c o r r o s i o n . 

A t the p r e s e n t t i m e , s imi l a r s tud i e s a re b e i n g p e r f o r m e d for t i t a n i u m 
s i n c e t h i s m a t e r i a l is b e c o m i n g m o r e a n d m o r e u s e d for h a r d t i s s u e 
r e p l a c e m e n t . W e h o p e t h a t i n t h e n e a r f u t u r e , a p l a u s i b l e 
e l e c t r o d e p o s i t i o n / d i s s o l u t i o n m e c h a n i s m fo r t i t a n i u m w i l l e n a b l e to 
e x t r a p o l a t e the in vitro resul t s to in vivo b e h a v i o u r . 

5. M i c r o e l e c t r o d e s role on sur face t r e a t m e n t 
M e t a l s s u c h as A I S I 3 1 6 L s t a i n l e s s s t ee l , c o b a l t - b a s e a l l o y s , p u r e 

t i t a n i u m a n d a l l o y s are c u r r e n t l y be ing u sed in c l in i ca l p r o c e d u r e s for h a r d 
t i s s u e r e p l a c e m e n t a n d a u g m e n t a t i o n . T h e y p o s s e s s h i g h s t r e n g t h a n d fair 
c o r r o s i o n r e s i s t a n c e bu t s h o w p o o r t i s s u e a d h e r e n c e and a c c e p t a n c e . T h u s , 
in t he p a s t t w e n t y y e a r s s e v e r a l m e t h o d s to p r o d u c e u n i q u e m o d i f i c a t i o n 
m a t e r i a l s u r f a c e s w e r e d e v e l o p e d . T h e s e i n c l u d e u t i l i s a t i o n of l a s e r s , i on 
a n d e l e c t r o n b e a m s , c h e m i c a l v a p o u r d e p o s i t i o n , p h y s i c a l v a p o u r 
d e p o s i t i o n , p l a s m a s p r a y e d o x i d e c o a t i n g s , and c e r a m i c c o a t i n g s [ 4 9 ] . 

Ion i m p l a n t a t i o n c o n s i s t s in the i n t r o d u c t i o n of o n e or m o r e a t o m i c 
spec ies in to the sur face of a me ta l l i c by us ing a h igh e n e r g y ion b e a m . T h i s 
r e s u l t s in m o d i f i e d p h y s i c a l a n d c h e m i c a l p r o p e r t i e s of t he n e a r s u r f a c e 
r e g i o n . T h e o t h e r i on s u r f a c e m o d i f i c a t i o n t e c h n i q u e is k n o w n as i on 
p l a t i n g w h i c h is a d e p o s i t i o n p r o c e s s d u r i n g w h i c h the b i o m a t e r i a l su r f ace 
is c o a t e d wi th a f i lm depos i t ed f rom a flux of h igh e n e r g y pa r t i c l e s f rom an 
a c t i v a t e d s o u r c e and a p r e - i n d u c e d i o n i s e d p l a s m a . 

T h e r m a l p l a s m a s p r a y is a n o t h e r t e c h n i q u e w h i c h e n a b l e s t he 
d e p o s i t i o n of a ve ry th in h o m o g e n e o u s f i lm of s in t e r ed c e r a m i c s or o t h e r 
ac t ive m a t e r i a l s at the b i o m a t e r i a l su r face . T h i s is a ve ry usefu l t e c h n i q u e 
to i m p r o v e the b i o c o m p a t i b i l i t y of m e t a l l i c b i o m a t e r i a l s . S i n t e r e d c e r a m i c s 
have been u s e d as b i o m a t e r i a l s for the i r c h e m i c a l i n e r t n e s s , a n t i - c o r r o s i o n , 
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b i o c o m p a t i b i l i t y and b i o s t a b i l i t y in b i o l o g i c a l e n v i r o n m e n t s [ 5 0 ] . A l t h o u g h 
c e r a m i c s a re s t r o n g , t h e y a re u s u a l l y b r i t t l e a n d l a c k t o u g h n e s s w h i c h 
m a k e s d i f f i c u l t to p r o d u c e t h i n , w i d e a n d s p e c i a l s h a p e d b i o m a t e r i a l s , 
l i m i t i n g t h e i r u s e as b i o a c t i v e m a t e r i a l s . T h u s if a m e t a l l i c s u b s t r a t e 
su r face is m o d i f i e d wi th a th in f i lm of an a p p r o p r i a t e c e r a m i c m a t e r i a l , the 
i n t e r a c t i o n w i t h the b i o l o g i c a l t i s sues is i m p r o v e d w h i l e , the t o u g h b u t less 
c o m p a t i b l e m e t a l s u b s t r a t e ac ts to p r o v i d e m e c h a n i c a l s u p p o r t . 

T h e f a v o u r i t e m a t e r i a l s for h a r d t i s s u e r e p l a c e m e n t or r e p a i r a r e 
t i t a n i u m a n d i ts a l l o y s [ 5 1 ] . T h e s e m a t e r i a l s a r e h i g h l y r e s i s t a n t in 
b i o l o g i c a l e n v i r o n m e n t s , s i n c e t hey p r e s e n t a r e l a t i v e l y b i o i n e r t b e h a v i o u r . 
T h e r e f o r e , t h e y d o n o t p r e s e n t a f a v o u r a b l e r e s p o n s e to o s t e o i n t e g r a t i o n , 
i .e . s u r f a c e m i n e r a l i s a t i o n is h a r d l y a c h i e v e d . T h e o n l y i m p l a n t m a t e r i a l 
w i th w h i c h b o n e c a r r i e s o u t a p r i m a r y b o n d i n g is h y d r o x y a p a t i t e c e r a m i c , 
i .e . an e n d u r i n g b o n d is c r e a t e d w h e n o s s i f i c a t i o n s t a r t s f rom t h e f i rs t 
m o m e n t at the i m p l a n t su r face . T h e p r o p e r t i e s and b i o l o g i c a l p ro f i l e of th is 
c a l c i u m p h o s p h a t e c e r a m i c h a v e b e e n a d d r e s s e d in the l i t e r a tu r e [ 5 2 ] . T h u s 
t he i d e a l b i o m a t e r i a l s h o u l d e n c o m p a s s a t i t a n i u m s u b s t r a t e c o v e r e d w i t h 
a b i o a c t i v e c a l c i u m p h o s p h a t e l aye r . T h i s h a s b e e n a c h i e v e d t h r o u g h an 
i n c u b a t i o n p r o c e s s of c a l c i u m p h o s p h a t e in s o l u t i o n s c o n t a i n i n g d i f f e r en t 
c o n c e n t r a t i o n s of t i t a n i u m . T h i s t i t a n i u m e n r i c h e d c a l c i u m p h o s p h a t e 
s u b s t r a t e g r e a t l y e n h a n c e s t he m i n e r a l i s a t i o n p r o c e s s . 

T h e s m a l l d i m e n s i o n s of m i c r o e l e c t r o d e s a l l o w s to p l a c e t h e m v e r y 
c l o s e to t h e m a t e r i a l s u r f a c e d u r i n g in vitro m i n e r a l i s a t i o n s t u d i e s . I t 
e n a b l e s to m o n i t o r t h e c a l c i u m a n d p h o s p h a t e p r o f i l e s a t t h e 
m a t e r i a l / t i s s u e i n t e r f a c e , i . e . s e l e c t i v e m i c r o e l e c t r o d e s c o u l d e n h a n c e o u r 
k n o w l e d g e a b o u t t h e m i n e r a l i s a t i o n p r o c e s s in t e r m s of k i n e t i c s a n d 
b i o a c t i v e s p e c i e s r o l e . A l s o t hey s h o u l d b e ab le to m o n i t o r the r e l e a s e of 
m a t e r i a l d e b r i s i n t o a d j a c e n t t i s s u e s . D u e to s o m e p r o b l e m s n o t y e t 
o v e r c o m e ( e .g . s t e r i l i s a t i o n , r e s p o n s e drif t , e t c . ) , o u r f i rs t a p p r o a c h is to 
p e r f o r m d i s c r e t e m e a s u r e m e n t s of c a l c i u m a n d p h o s p h a t e l e v e l s a t t he 
i n t e r f a c e r e g i o n . F u r t h e r w o r k n e e d s to be d o n e in th i s p a r t i c u l a r a r e a in 
w h a t c o n c e r n s t h e d e v e l o p m e n t a n d c h a r a c t e r i s a t i o n of m i n i a t u r i s e d 
s e l e c t i v e d e v i c e s to m o n i t o r o n l y the p a r a m e t e r s and b i o a c t i v e s p e c i e s of 
i n t e r e s t . 

- 261 -

R e f e r e n c e s 
1. R . D . M u l r o y and W . H . Harr i s , J. Bone Joint Surg., 72-B ( 1 9 9 0 ) 7 5 7 . 

2. " C o m p a t i b i l i t y of B i o m e d i c a l D e v i c e s " , ( E d s . ) P . K o v a c s a n d N . S . 
I s t e p h a n o u s , T h e E l e c t r o c h e m i c a l Soc i e ty , Inc . , P e n n i n g t o n , NJ , 1994 . 

3. J .E . L e m o n s , L . C . Lucas and B.I . J o h a n s s o n , Implant Dentistry, 1 ( 1 9 9 2 ) 
1 0 7 . 

4 . A n n u a l B o o k of A S T M S t a n d a r d s , 1 3 . 0 1 , A m e r i c a n S o c i e t y for T e s t i n g 
and M a t e r i a l s , P h i l a d e l p h i a , PA , 1 9 9 3 . 

5. " I m p l a n t s in S u r g e r y " , (Eds . ) D . F . W i l l i a m s and R. Roaf, W . B . S a u n d e r s , 
L td . , L o n d o n , 1 9 7 3 . 

6. " H a n d b o o k of B i o m a t e r i a l s E v a l u a t i o n " , (Ed.) A. von R e c u m , M a c M i l l a n , 
N e w Y o r k , 1986 . 

7. " C l i n i c a l R e s t o r a t i v e M a t e r i a l s and T e c h n i q u e s " , (Eds . ) K . F . L e i n f e l d e r 
and J .E . L e m o n s , L e a and Feb iger , Ph i l ade lph ia , PA, 1989 . 

8. D . W i l l i a m s , Medical Devices Technology, 1 (1991) 4 4 - 4 8 . 

9. " D e f i n i t i o n s in B i o m a t e r i a l s " , (Ed. ) D . F. W i l l i a m s , E l s e v i e r P u b l i s h e r s , 
A m s t e r d a m , 1 9 8 7 . 

10. M . F. H a r m a n d , Clinical Materials ,11 (1992) 145. 

11 . C. J. Ki rkpa t r i ck , D . Mue l l e r -Schu l t e , M . R o y e , G. H o l l w e g , C. G o s s e n , H. 
R ich t e r and C. M i t t e r m a y e r , Cells & Materials, 1(2) (1991 ) 9 3 . 

12. J . O . G a l a n t e , J. L e m o n s , M . Spec to r , P . D . W i l s o n and T M . W r i g h t , J. 
Orthopaedic Research, 9 ( 1 9 9 1 ) 7 6 0 . 

13. A. P izzofer ra to , G. Ciapet t i , S. Stea, E. Cenn i , C R . Arc io la , D . Granch i and 
L. S a v a r i n o , Clinical Materials, 15 (1994) 173. 

14. J .P . Sousa , in press at Biomaterials ( 1 9 9 5 ) . 

15. M . G Fon tana , Met. Trans., 1 ( 1 9 7 0 ) 3 2 5 1 . 

9 



- 2 6 2 -

16. " A t o m i c A b s o r p t i o n S p e c t r o m e t r y in O c c u p a t i o n a l a n d E n v i r o n m e n t a l 
H e a l t h P r a c t i c e " , (Eds . ) D . L . T s a l e v and Z .K. Z a p r i a n o v , V o l . 1, C . R . C . 
P re s s , B o c a R a t o n , F lo r ida , 1983 . 

17. M . A . Ba rbosa , Portugaliae Electrochimicq Acta, 7 ( 1989) 5 6 7 . 

18. J .P . S o u s a , P . L e m o s , P . L a r a n j o , G . S . C a r v a l h o and M L . P e r e i r a , in 
" B i o c o m p a t i b i l i t y of B i o m e d i c a l D e v i c e s " , (Eds . ) P . K o v a c s a n d N . S . 
I s t e p h a n o u s , V o l . 9 4 - 5 , T h e E l e c t r o c h e m i c a l S o c i e t y , I nc . , P e n n i n g t o n , 
NJ , 1994 , p p . 1 6 7 - 1 7 2 . 

19. R . B . T r a c a n a , M L . Pere i ra , A . M . Abreu , L P . Sousa and G .S . C a r v a l h o , in 
p re s s at J. Mater. Sic: Mater. Med., ( 1 9 9 5 ) . 

2 0 . " T h e H y d r o l y s i s of C a t i o n s " , (Eds . ) C .F . B a e s and R . E . M e s m e r , J o h n 
W i l e y & S o n s , N e w York , 1976. 

2 1 . R . M . W i g h t m a n , Anal. Chem., 53 (9 ) (1981 ) 1125A. 

2 2 . " M i c r o e l e c t r o d e s : T h e o r y a n d A p p l i c a t i o n s " , ( E d s . ) M . I . M o n t e n e g r o , 
M . A . Queirós a n d J . L . D a s c h b a c h , N A T O - A S I , K l u w e r A c a d e m i c 
P u b l i s h e r s , T h e N e t h e r l a n d s , 1 9 8 1 . 

2 3 . S. P o n s and M . F l e i s c h m a n n , Anal. Chem., 59 ( 1987 ) 1 3 9 1 A . 

24 . " U l t r a m i c r o e l e c t r o d e s " , (Eds . ) M . F l e i s c h m a n n , S. P o n s , D . R o l i s o n and P . 
S c h m i d t , D a t a t e c h S c i e n c e P u b l i s h e r s , M o r g a n t o n , N C , 1987 . 

2 5 . M. I . M o n t e n e g r o , Portugaliae Electrochimica Acta, 3 ( 1985) 165 . 

2 6 . C . E s p a d a s - T o r r e , M . T e l t i n g - D i a z a n d M . E . M e y e r h o f f , The 
Electrochemical Society Interface, 4 (1) (1995) 4 1 . 

27 . J .P . Sousa , S .B. M o r a i s , M . C . Pere i ra , M L . Pereira , G .S . C a r v a l h o and M . A . 
B a r b o s a , Biomaterials, 15 ( 10 ) ( 1 9 9 4 ) 8 2 1 . 

28 . J .P . S o u s a and M . C . Pere i ra , Portugaliae Electrochimica Acta, 12 ( 1 9 9 4 ) 
6 3 . 

2 9 . J . P . S o u s a , S . B . M o r a i s a n d M . C . P e r e i r a , 4 5 t h M e e t i n g of the 
I n t e r n a t i o n a l S o c i e t y of E l e c t r o c h e m i s t r y , P o r t o , P o r t u g a l , ( 1 9 9 4 ) . 

30 . J .P . Sousa , M . C . Pe re i ra , A . M . Abreu , S .B. Mora i s and G .S . C a r v a l h o , in 
" B i o c o m p a t i b i l i t y of B i o m e d i c a l D e v i c e s " , ( E d s . ) P . K o v a c s a n d N . S . 

- 2 6 3 -

I s t e p h a n o u s , Vo l . 9 4 - 5 , T h e E l e c t r o c h e m i c a l Soc i e ty , Inc . , P e n n i n g t o n , NJ, 
1994 , p p . 1 7 3 - 1 8 4 . 

3 1 . M . C . Pe re i r a and J .P . Sousa , 11th E u r o p e a n C o n f e r e n c e on B i o m a t e r i a l , 
P i sa , I ta ly , ( 1 9 9 4 ) . 

32 . S .B. M o r a i s , M . H . Fe rnandes , G .S . C a r v a l h o and J .P . Sousa , 11th E u r o p e a n 
C o n f e r e n c e on B i o m a t e r i a l s , P i sa , I ta ly , ( 1 9 9 4 ) . 

3 3 . A . M . A b r e u , R . B . T r a c a n a , G . S . C a r v a l h o and J .P . S o u s a , in p r e s s at 
Biomedical Letters, ( 1 9 9 5 ) . 

34 . M . C . P e r e i r a , A . M . A b r e u and J .P . S o u s a , S u b m i t t e d to Portugaliae 
Electrochimica Acta, ( 1995) . 

3 5 . S. M o r a i s and J .P . Sousa , VI I M e e t i n g of the P o r t u g u e s e E l e c t r o c h e m i c a l 
S o c i e t y , F a r o , P o r t u g a l , ( 1 9 9 5 ) . 

3 6 . M . C . P e r e i r a a n d J . P . S o u s a , V I I M e e t i n g of t he P o r t u g u e s e 
E l e c t r o c h e m i c a l S o c i e t y , Fa ro , P o r t u g a l , ( 1 9 9 5 ) . 

37 . M . L . Pe re i r a , F . Co r r e i a , I. F e r n a n d e s , M . C . Pe re i r a and J .P . S o u s a , V 
E u r o p e a n M e e t i n g on I m m u n o l o g y , A n t h e n a s , G r e e c e , ( 1 9 9 5 ) . 

38 . M . N a k a g a w a , S. M a t s u y a and M . Oh ta , / . Mater. Sic: Mater. Med., 3 
( 1 9 9 2 ) 1 1 4 . 

39 . A.J . For ty and P . Durk in , Phil. Mag. A, 4 2 ( 1 9 8 0 ) 2 9 5 . 

4 0 . G. G u n a w a r d e n a , G. H i l l s , I. M o n t e n e g r o , a n d B . S c h a r i f k e r , / . 
Electroanal. Chem., 138 ( 1 9 8 2 ) 2 2 5 . 

4 1 . G. G u n a w a r d e n a , G. Hi l l s and I. M o n t e n e g r o , J. Electroanal. Chem., 1 3 8 
( 1 9 8 2 ) 2 4 1 . 

42 . A . M i l c h e v , B . Schar i fker and G. Hi l l s , / . Electroanal. Chem., 1 3 2 ( 1982 ) 
2 7 7 . 

4 3 . J .P . Sousa , / . Electroanal. Chem., 3 7 2 ( 1994 ) 1 5 1 . 

44 . J .P . Sousa , S. Pons and M . F l e i s chmann , J. Chem. Soc: Faraday Trans., 9 0 
(13) ( 1 9 9 4 ) 1 9 2 3 . 



- 2 6 4 -

4 5 . J .P . Sousa , S. Pons and M . F l e i s chmann , Portugaliae Electrochimica Acta, 
11 ( 1 9 9 3 ) 2 6 5 . 

4 6 . J .P . Sousa , Portugaliae Electrochimica Acta, 11 ( 1 9 9 3 ) 19. 

4 7 . J .P . Sousa , P h . D . Disse r t a t ion , Univers i ty of Utah , 1 9 9 1 . 

4 8 . M . F l e i s c h m a n n , S. P o n s , J .P. Sousa and J. G h o r o g h c h i a n , J. Electroanal. 
Chem., 3 6 6 ( 1 9 9 4 ) 1 7 1 . 

4 9 . S .D. B r o w n , The Solid Films, 119 (1984) 127. 

50 . J .F . O s b o r n , Biomedizinische Technik, 3 2 (1987) 1. 

5 1 . J .F . O s b o r n , I n t e r n a t i o n a l T i t a n i u m S y m p o s i u m , Pa r i s , F r a n c e , ( 1 9 8 7 ) . 

5 2 . " I m p l a n t a w e r k s t o f f H y d r o x y l a p a t i t k e r a m i k - G r u n d l a g e n u n d K l i n i s c h e 
A n w e n d u n g " , (Ed. ) J .F . O s b o r n , Q u i n t e s s e n z ver lag , Ber l in , 1985 . 

E L I M I N A T I O N O F C O R R O S I V I T Y O F N A T U R A L W A T E R BY S I M U L T A N E O U S 
R E M O V A L O F O X Y G E N AND M I N E R A L S A L T S BY ION E X C H A N G E R S *,| 

R. Tosik 
Inst i tute of Genera l and Ecologica l C h e m i s t r y 

Technical University of Lodz 
36 Zwirk i S t r e e t , 90 -924 L o d z , P O L A N D 

A B S T R A C T 

Corrosivity of natural water controls concentration of soluble oxygen and amount of mineral 
salts. In order to decrease the corrosivity of water are applied deoxygenation and 
demineralization methods. This article presents investigations on oxygen and mineral salts 
removal by ion exchangers. A special kind of a bed which contained two ionic forms : sulphite 
and hydroxyl was investigated for simultaneous removal of oxygen and anions from water. The 
natural water from a deep well supplied the bed after its initial decationization on strong acid 
cation exchanger. The model solutions were used with hydrochloric and sulphuric acids in 
amounts equal to decationization of water from the well, too. 
It was stated that the removal efficiency of oxygen and anions was very high. The bed may be 
used as a difunctional ionic column for the simultâneos removal of oxygen and anions if 
demineralization process is designed by ion exchanger's method. The corrosivity of water may 
be eliminated and technological installation should be simplificied using such a bed. 

I N T R O D U C T I O N 

In oxygenated natural water, its corrosivity depends on electrochemical processes resulted with 
soluble oxygen and mineral salts. Oxygen causes cathodic reaction which potential is more than 
1 volt greater than hydrogen electrode and may be presented as a equilibrium potential which 
depends on : the concentration of OH" ions and the partial oxygen pressure pO, . 
E 1 = E° - RT / F In (OH ") + RT / 4F In pO , [ 1 ] ; 

0 1 + 2 H 1 0 + 4 e " = 4 OH " eq 1 
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