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ABSTRACT 

Role of b o r i c a c i d in the e l e c t r o w i n n i n g p r o c e s s of 

n i c k e l has been i n v e s t i g a t e d through eye 1 icvo 11aminetry. A d d i t i o n 

o f b o r i c a c i d to the n i c k e l e l e c t r o l y t e has been found to 

decrease the hydrogen e v o l u t i o n , a si d e r e a c t i o n at the cathode, 

as i n d i c a t e d by the f e a t u r e s of a voltammetric peak f o r the 

o x i d a t i o n of hydrogen codeposited in n i c k e l . C o n t r o l i n 

a l k a l i s a t i o n at the cathode v i c i n i t y has been d i s c u s s e d on the 

b a s i s of the tendency of b o r i c a c i d to r e l e a s e H + ions through 

complex formation with n i c k e l in the e l e c t r o l y t e . An attempt has 

a l s o been made to f i x up the amount of b o r i c a c i d r e q u i r e d on the 

b a s i s of eye 1icvoltammograms generated. 

K e y words: N i c k e l e l e c t r o w i n n i n g , B o r i c a c i d , C y c l i c voltammetry, 

I n h i b i t i o n of hydrogen e v o l u t i o n 

INTRODUCTION 

In the e x t r a c t i o n of n i c k e l from the n i c k e l b e a r i n g ore 

bo d i e s , e l e c t r o w i n n i n g i s an important stage where the c u r r e n t 

e f f i c i e n c y and p u r i t y of metal deposited c a l l f o r much a t t e n t i o n . 

When the n i c k e l i s electrowon from the sulphate e l e c t r o l y t e , the 

•free s u l p h u r i c a c i d content should be r e s t r i c t e d to a lower l e v e l 

and i t s higher contents d r a s t i c a l l y reduce the c u r r e n t e f f i c i e n c y 

f o r the n i c k e l d e p o s i t i o n . Simultaneous e v o l u t i o n of hydrogen at 

the cathode i s the obvious reason f o r t h i s as the e l e c t r o d e 
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p o t e n t i a l s f o r n i c k e l d e p o s i t i o n and hydrogen e v o l u t i o n are 

c l o s e r . Hydrogen e v o l u t i o n occuring as a s i d e r e a c t i o n in the 

p r o c e s s of n i c k e l d e p o s i t i o n would r a i s e the i n t e r f a c i a l pH, 

f a c i l i t a t i n g the chemical p r e c i p i t a t i o n of b a s i c n i c k e l s a l t s . As 

a r e s u l t , the y i e l d and q u a l i t y of the metal deposited are 

a f f e c t e d . Hence the pH of the e l e c t r o l y t e has to be c o n t r o l l e d 

by the a d d i t i o n of s u i t a b l e b u f f e r s and b o r i c a c i d i s one of them 

commonly employed f o r t h i s purpose. 

In the present work, evidence i s presented through 

c y c l i c v o l t a m m e t r y f o r the r o l e of b o r i c a c i d in i n h i b i t i n g 

hydrogen e v o l u t i o n as well as a l k a l i n i t y developed in the 

v i c i n i t y of the cathode during the process of n i c k e l d e p o s i t i o n . 

An attempt i s a l s o made to f i x up the c o n c e n t r a t i o n of 

b o r i c a c i d r e q u i r e d , on the b a s i s of voltammetric data generated. 

EXPERIMENTAL 

C y c l i c v o l t a m m e t r i c s t u d i e s were c a r r i e d out with 
2 

platinum d i s c of 0.2 cm , embedded i n a t e f l o n rod, as working 

e l e c t r o d e using a Wenking p o t e n t i o s c a n and an X-Y r e c o r d e r . A 

p l a t i n u m f o i l was used as the a u x i l i a r y e l e c t r o d e . An H-type 

g l a s s c e l l of 200 cm 3 c a p a c i t y was used. The e l e c t r o l y t e employed 

was 1M n i c k e l sulphate s o l u t i o n c o n t a i n i n g 20 g dm sodium 

s u l p h a t e . The c o n c e n t r a t i o n of b o r i c a c i d added, was v a r i e d from 

0 to 20 g dm - 3. The pH of the e l e c t r o l y t e was adjusted to 2.5 i n 

a l l the experiments. Platinum working e l e c t r o d e was chosen 

because i t i s r e l t i v e l y i n e r t and i t s e l e c t r o c h e m i s t r y i s well 

known. 

A scan r a t e of 10 mV s 1 was used i n a l l the 

experiments. C y c l i c voltammograms were recorded with 0.3V as the 
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i n i t i a l p o t e n t i a l and -1.0 V, 

p o t e n t i a l . Voltammetric charge 

hydrogen on n i c k e l was determin 

peak . 

A s a t u r a t e d calomel 

ref e r e n c e e l e c t r o d e . A l l potei 

t h i s reference u n l e s s otherwise 

RESULTS AND 

F i g . l shows the 

eye 1ic-voltammogram f o r the 

platinum i n n i c k e l sulphate 

s o l u t i o n without any a d d i t i o n 

of b o r i c a c i d . A cathodic 

peak seen at -0.50 V 

( i n d i c a t e d by A) i s due to 

adsorption of hydrogen on 

platinum, a phenomenon which 

i s well e s t a b l i s h e d C 1 3 . On 

f u r t h e r p o l a r i s a t i o n i n the 

c a t h o d i c d i r e c t i o n , a current 

r i s e occurs at -0.90 V 

( i n d i c a t e d by B) f o r n i c k e l 

d e p o s i t i o n with simultaneous 

e v o l u t i o n of hydrogen. The 

c u r r e n t r i s e ends i n a peak 

formation ( i n d i c a t e d by C) as 

the increased e v o l u t i o n of 

-1.1V or -1.25V as the r e v e r s a l 

f o r the o x i d a t i o n of codeposited 

ed by measuring the area und^r the 

e l e c t r o d e (SCE) was used as the 

l t i a l s are quoted with respect to 

s t a t e d . 

DISCUSSION 

121 1 I I 

03 - 0 - 1 -0-5 - 0 9 -1-3 

POTENTIAL ( V Vs SCE ) 

Fig.l Cyc1icvoItanwograw of Pt 
in 1M NiS0+ at 10 mV s~* Mith 
reversal potential of -1.25V 
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hydrogen d e p l e t e s n i c k e l c o n c e n t r a t i o n in the cathode v i c i n i t y . 

F u r t h e r p o l a r i s a t i o n r e s u l t s i n another c u r r e n t r i s e 

( i n d i c a t e d by D) which i s due to e v o l u t i o n of hydrogen. Current 

o s c i l l a t i o n s seen here are ob v i o u s l y due to r e s i s t a n c e a r i s i n g 

out of hydrogen gas bubble formation. 

When the p o t e n t i a l scan i s reversed in the anodic 

d i r e c t i o n , at the r e v e r s a l p o t e n t i a l of -1.25 V, there i s a 

ca t h o d i c peak at -0.82 V ( i n d i c a t e d by E ) . T h i s c a t h o d i c peak may 

be due to re d u c t i o n of n i c k e l hydroxide formed c h e m i c a l l y . When 

the e l e c t r o d e i s scanned to a high negative p o t e n t i a l of -1.25 V, 

hydrogen e v o l u t i o n i s promoted. As a r e s u l t , a l k a l i n i t y develops 

at m e t a l - s o l u t i o n i n t e r f a c e , r e s u l t i n g i n the chemical formation 

of n i c k e l hydroxide which,inturn,gets r e d u c e d , g i v i n g r i s e to a 

voltammetric peak in the reverse scan. On f u r t h e r scanning in the 

anodic d i r e c t i o n , a l a r g e , well d e f i n e d peak ( i n d i c a t e d by F) i s 

seen at -0.18 V f o r the o x i d a t i o n of code p o s i t e d hydrogen on 

n i c k e l , which has been already reported by Hoare i n the context 

of n i c k e l p l a t i n g from the Watts bath L21. It i s well known that 

hydrogen can d i s s o l v e i n n i c k e l to form Ni -H a l l o y C33. The 

height as w e l l as charge of t h i s hydrogen - o x i d a t i o n peak 

depends on the extent of cath o d i c scan, as i n d i c a t e d by the 

c y c l i c voltammograms i n F i g . 2 , where the curves 1 and 2 

correspond to the r e v e r s a l p o t e n t i a l of -1.10 V and -1.0 v" 

r e s p e c t i v e l y . As the r e v e r s a l p o t e n t i a l i s made l e s s negative, 

the tendency f o r the hydrogen e v o l u t i o n becomes l e s s , as 

i n d i c a t e d by the reduced peak height as well as charge f o r the 

o x i d a t i o n of hydrogen on n i c k e l . 
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Fig.2 Cyc1icvo1tammogran? of 
Pt in 1M N i St?-* at 10 mV s~* 
with reversal potential of 1, 
-1.IV and 2 , -1.0V 

0-3 -0-1 -0-5 - 0 9 _i-3 

POTENTIAL (V VJ 5CE ) 

Fig.3 CycIicvoltammograms of 
Pt in Id NiS0+ at lo' nV s~' 
with reversal potential of 
-1.25V containing 1, 1 g d m - 3 ; 
2, 5 g dm-3; 3, 1Q~* g d*>—* 
and 4. 20 g d » - j r of boric acid 

F i g . 3 s h o w s t h e c y c 1 i c v o l t a m m o g r a m s r e c o r d e d f o r t h e 

n i c k e l d e p o s i t i o n i n v o l v i n g b o r i c a c i d . The pea k f o r t h e 

r e d u c t i o n o f n i c k e l h y d r o x i d e , a s s e e n i n F i g . l , i s a b s e n t h e r e 

i n d i c a t i n g t h a t a l k a l i n i t y i s c o n t r o l l e d by t h e i n h i b i t i o n o f 

h y d r o g e n e v o l u t i o n b r o u g h t a b o u t by b o r i c a c i d . The s i z e o f t h e 

h y d r o g e n - o x i d a t i o n p e a k p r o g r e s s i v e l y g e t s r e d u c e d w i t h 

i n c r e a s i n g a m o u n t s o f b o r i c a c i d a d d e d . The c h a r g e , a s d e t e r m i n e d 

by m e a s u r i n g t h e a r e a u n d e r t h e p e a k , c a n be t a k e n as a meas u r e 
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of codeposited hydrogen. It 

can be i n f e r r e d that l e a s e r 

t h i s charge, lower w i l l be the 

ra t e of hydrogen e v o l u t i o n and 

hig h e r the rate of n i c k e l 

d e p o s i t i o n . 

F i g 4 shows the p l o t 

of voltammetric charge f o r the 

o x i d a t i o n of codeposited 

hydrogen against c o n c e n t r a t i o n 

of b o r i c a c i d added. The 

charge p r o g r e s s i v e l y decreases 

with c o n c e n t r a t i o n of b o r i c 

a c i d and the minimum of charge 

corresponds to 10 g dm which 

i s f i x e d up as the r e q u i r e d 

c o n c e n t r a t i o n of b o r i c a c i d . 

In the e l e c t r o -

d e p o s i t i o n of n i c k e l a l k a l i -

z a t i o n a r i s e s as a r e s u l t of hydrogen e v o l u t i o n C43. 

2H2O + 2e > 2 0 H ~ + H 2 

The hydroxyl ions produced at the cathode rea c t 

Ni ions to form s o l u b l e NiOH s p e c i e s . 

N i 2 + + DH~ > NiOH + 

N i c k e l d e p o s i t i o n proceeds mainly from NiOH + C53 

NiOH + + e > N i O H a d s 

N i O H a d a + NiOH + + 3 e > 2 N i + 2 0 H 

CONCENTRATION OF I0RIC ACID I 9 dm" ) 

Fig. 4 Plot of charge against 
concentration of boric acid 
for the oxidation of 
codeposited hydrogen in the 
cyclic-voltammetry of Pt in 1H 
NiSO* »ith reversal potential 
of (9) -1.25V and (o) -i.tOV 

w i th 

( 1 ) 

( 2 ) 

(3> 

(4) 
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When the r i s e in a l k a l i n i t y i s abrupt or i s not 

c o n t r o l l e d as in the case of unbuffered s o l u t i o n s , n i c k e l 

hydroxide i s p r e c i p i t a t e d . 

+ 2 0 H ~ > Ni<0H>2 <5> 

B o r i c a c i d , by v i r t u e of i t s b u f f e r i n g a c t i o n , 

decreases the a l k a l i z a t i o n . The b u f f e r c a p a c i t y i s g r e a t e r due to 
.2+ the complexation of Ni 

H3BO3 

N i 2 + •+ 2 H 2 B 0 3 " 

with b o r i c acid C63 

> H + + H-?BOr~ 

•> Ni (H2BO3) 2 

(6) 

(7) 

A d d i t i o n of b o r i c 

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

p o l a r i s a t i o n f o r n i c k e l 

d e p o s i t i o n as shown in F i g . 5 . 

C u rrent r i s e f o r n i c k e l 

d e p o s i t i o n occurs r e l a t i v e l y 

at lower c a t h o d i c p o t e n t i a l i n 

presence of b o r i c a c i d . N i c k e l 

d e p o s i t i o n takes p l a c e more 

e a s i l y from the complex formed 

between n i c k e l ions and b o r i c 

a c i d . T h i s i s a l s o obvious 

from the nature of the 

h y s t e r e s i s seen between the 

c a t h o d i c and anodic going 

sweeps i n the p o t e n t i a l region 

of n i c k e l d e p o s i t i o n . 

H y s t e r e s i s i s l a r g e r due to 

-05 -<w 
POTENTIAL 1 V V» SCE ) 

Fig. 5 Cyclicvoltammograms of 
Pt in 1M NiSO* at 10 mV s~* 
Mith reversal potential of 
-t.lV containing 1, 0 g d » _ J 

and 2, 10 g dm-' of boric 
acid. 
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s i m u l t a n e o u s h y d r o g e n e v o l u t i o n . A d d i t i o n o f b o r i c a c i d m a k e s i t 

s m a l l e r a s t h e h y d r o g e n e v o l u t i o n a s s o c i a t e d w i t h n i c k e l 

d e p o s i t i o n i s l a r g e l y a v o i d e d . 

C O N C L U S I O N S 

An a n o d i c p e a k o b t a i n e d f o r t h e o x i d a t i o n o f 

c o d e p o s i t e d h y d r o g e n , makes i t p o s s i b l e t o a s s e s t h e e x t e n t o f 

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

P r o g r e s s i v e d i m i n u t i o n i n i t s s i z e , b r o u g h t a b o u t b y t h e 

a d d i t i o n s o f b o r i c a c i d , i n d i c a t e s t h a t b o r i c a c i d i n h i b i t s 

h y d r o g e n e v o l u t i o n . 

C y c l i c v o l t a m m e t r y , i n r e c e n t y e a r s , h a s l e d t o t h e 

d e v e l o p m e n t o f a r a p i d a n d n o v e l m e t h o d , i n t h e m o n i t o r i n g o f 

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

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

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

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

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

REFERENCES 

1 . J . P . H o a r e , E l e c t r o c h i m . A c t a 2 7 , 1751 ( 1 9 8 2 ) 

2 . J . P . H o a r e , J . E l e c t r o c h e m . S o c . 1 3 3 , 2491 ( 1 9 8 6 ) 

3 . J . P . F a s t I n t e r a c t i o n o f M e t a l s a n d G a s e s , P . 9 2 . B a r n e s a n d 

N o b l e I n c . , New Y o r k ( 1 9 7 2 ) 

4 . L . B . H a r r i s , J . E l e c t r o c h e m . S o c . 1 2 0 , 1034 ( 1 9 7 3 ) 

5 . I . E p e l b o i n a n d R . W i a r t , J . E l e c t r o c h e m . S o c . 1 1 8 , 1577 

( 1 9 7 1 ) 

6 . B . V T i l a k , A . S . G e n d r o n a n d M . A . M o s o i u , J . A p p l . E l e c t r o c h e m . 

7 , 495 (1977) (Rece ived ,29 J u n i 1993 
Revi sed f o r m , 2 November 1993) 

T H E E L E C T R O P H O R E T I C E F F E C T 

E L E C T R O L Y T E S O L U T I O N S 

I N 

V i c t o r M . M . L o b o a n d A n a C F . R i b e i r o 
D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f C o i m b r a 
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A b s t r a c t 

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

K e y w o r d s : s o l u t i o n s , e l e c t r o l y t e s , e l e c t r o p h o r e t i c e f f e c t 

T h e i n t e r p r e t a t i o n o f t h e r m o d y n a m i c a n d t r a n s p o r t 
p r o p e r t i e s o f e l e c t r o l y t e s o l u t i o n s l e a d s t o m o d e l s 
c o n c e r n i n g t h e s t r u c t u r e o f t h o s e s o l u t i o n s a n d c o n c e p t s 
a b o u t t h e h y d r o d y n a m i c b e h a v i o u r o f i o n s m o v i n g t h r o u g h 
t h e i r m e d i a . O n e o f t h o s e c o n c e p t s i s c a l l e d 
electrophoretic effect. H o w e v e r , i t h a s b e e n p r e s e n t e d i n 
t h e l i t e r a t u r e i n a v a r i e t y o f d i f f e r e n t w a y s , s o m e t i m e s 
n o t e q u a l l y c l e a r . 

T h e t e r m e l e c t r o p h o r e t i c e f f e c t f i r s t l y a p p e a r s i n 
t h e l i t e r a t u r e i n 1 9 3 2 [ 1 ] a s f o l l o w s : 

" T h e r e a r e t w o d i f f e r e n t e f f e c t s t o b e c o n s i d e r e d , 
n a m e l y t h e d i r e c t t r a n s f e r o f e l e c t r i c f o r c e s b e t w e e n t h e 
i o n s a n d a h y d r o d y n a m i c e f f e c t , t h e s o - c a l l e d 
e l e c t r o p h o r e s i s . T h e l a t e r e f f e c t w a s r e c o g n i z e d b y D e b y e 
a n d H u c k e l , w h i l e t h e f o r m e r h a d b e e n e x p e c t e d f o r a l o n g 
t i m e b y t h o s e f a m i l i a r w i t h t h e p r o p e r t i e s o f 
e l e c t r o l y t e s . 

T h e electrophoresis i s m o s t s i m p l y d e s c r i b e d a n d 
e s t i m a t e d f o r t h e c a s e o f e l e c t r i c a l c o n d u c t i o n w h e r e , f o r 
a n e l e c t r i c f i e l d E , 

ko = 0 ; k i = e i E ( i = I , . . s ) 
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