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SUMMARY 

Porous carbon e l e c t r o d e s were prepared u s i n g carbon 

powders of d i f f e r e n t types u s i n g v a r i o u s c a t a l y s t s . P h y s i c a l 

p r o p e r t i e s of the prepared e l e c t r o d e s were e v a l u a t e d u s i n g 

s c a n n i n g e l e c t r o n microscopy (SEM), s u r f a c e a r e a a n a l y s e r e t c . 

Performance c h a r a c t e r i s t i c s of these e l e c t r o d e s were e v a l u a t e d by 

g a l v a n o s t a t i c p o l a r i s a t i o n a t v a r i o u s t e m p eratures i n 6M 

pota s s i u m and sodium h y d r o x i d e s o l u t i o n s . 

INTRODUCTION 

C h l o r i n e and c a u s t i c are almost e n t i r e l y produced by 

e l e c t r o c h e m i c a l means. Caught between h i g h energy c o s t and low 

prod u c t p r i c e s , ch I or-a. 1 ka I i producers world-wide a r e now t u r n i n g 

towards membrane c e l l t e c h n o l o g y f o r s u r v i v a l . Membrane based 

t e c h n o l o g i e s have improved so much i n r e c e n t yea.rs. One 

development i s the oxygen d e p o l a r i z i n g cathode p r o c e s s . In t h i s 

p r o c e s s , an a l t e r n a t e c a t h o d i c r e a c t i o n , t h a t i s , the r e d u c t i o n 

of oxygen r a t h e r than the c o n v e n t i o n a l d e c o m p o s i t i o n of wat e r , i s 

used f o r p r o d u c i n g c a u s t i c [ 1 1 . 

E l e c t r o c h e m i c a l power sources such as m e t a l / a i r 

b a t t e r i e s and f u e l c e l l s c o n t a i n carbon e l e c t r o d e s f o r oxygen 
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r e d u c t i o n . Coconut s h e l l c h a r c o a l has been empolyed as a 

s u b s t r a t e f o r f a b r i c a t i n g a i r e l e c t r o d e s i n a i r d e p o l a r i z e d c e l l s 

[ 2 - 4 ] . T e f l o n bonded m u l t i l a y e r carbon e l e c t r o d e s have been 

developed [5,61, M a t e r i a l s s e l e c t i o n and p r e t r e a t m e n t i s g i v e n 

prime importance [ 7 - 9 ] . The e l e c t r o d e b a k i n g s h o u l d have h i g h 

p e r m e a b i l i t y to gases, s t r u c t u r a l s t r e n g t h , c o r r o s i o n r e s i s t a n c e 

and h i g h c o n d u c t i v i t y [ 1 0 ] . The e l e c t r o c h e m i c a l p r o p e r t i e s of 

a i r - s o l u t i o n - c a r b o n e l e c t r o d e s depend not on l y on the k i n d , 

c o n t e n t s of the e 1 e c t r o a c t i v e m a t e r i a l , i n t e r a l s u r f a c e a r e a or 

the p a r t i c l e s i z e of the components, but a l s o on the p r e p a r a t i o n 

c o n d i t i o n s f o r example, an i n c r e a s e i n the temperature of 

s i n t e r i n g of t e f I on-bonded e l e c t r o d e s was found to r e s u l t i n a 

decrease of the e l e c t r i c a l r e s i s t a n c e of the e l e c t r o d e s , and 

s i m u l t a n e o u s l y i n a r i s e of the c u r r e n t d e n s i t y of oxygen 

r e d u c t i o n [ 1 1 , 1 2 ] . 

Hence, i n v e s t i g a t i o n s were c a r r i e d out on the chem i c a l 

and p h y s i c a l t a i l o r i n g of the a c t i v a t e d c h a r c o a l s u b s t r a t e f o r 

f a b r i c a t i n g porous carbon e l e c t r o d e s used i n ch 1 or-a.l k a l i c e l l s . 

EXPERIMENTAL 

P r e p a r a t i o n of Porous Carbon E 1 e c t r o d e 

A c t i v a t e d c h a r c o a l a v a i l a b l e from S.D.Fine c h e m i c a l s . , 

was used as such w i t h o u t f u r t h e r t r e a t m e n t . A c e t y l e n e b l a c k was 

used as hydrophobic m a t e r i a l . C a t a l i z a t i o n was done by chem i c a l 

r e d u c t i o n method as w e l l as thermal d e c o m p o s i t i o n method. 

The r e q u i r e d amount of carbon powder, f i l l e r m a t e r i a l 

and p o 1 y t e t r a f I u o r o e t h y I e n e (PTFE) e m u l s i o n was mixed w e l l by 

- 41 -

mechanical s t i r r e r . The whole m i x t u r e was f i l t e r e d , washed. w i t h 

d i s t i l l e d water and d r i e d i n a i r oven at about 370-380°K. Then, 

the m i x t u r e was p u l v e r i z e d . Double l a y e r e l e c t r o d e s were 

p r e p a r e d . The l a y e r f a c i n g the e l e c t r o l y t e (working l a y e r ) a l o n e 

c o n t a i n e d the c a t a l y s t . The m i x t u r e of r e q u i r e d amount of carbon 

powders was p e l l e t i z e d a t room temperature at a p r e s s u r e of 300 

kg/cm , f o l l o w e d by hot p r e s s i n g a t 620-630°K. A l l the e l e c t r o d e s 

had n i c k e l ( M i ) mesh as c u r r e n t c o l l e c t o r . 

E v a l u a t i o n of Phys i c a l Parameters 

The p a r t i c l e s i z e of carbon powders (both c a t a l y z e d and 

u n - c a t a l y z e d ) were determined u s i n g a p a r t i c l e s i z e a n a l y z e r . The 

s u r f a c e a r e a of the powders was a n a l y z e d u s i n g a. s u r f a c e area 

a n a l y z e r at l i q u i d a i r te m p e r a t u r e . The p o r o s i t y of the 

e l e c t r o d e samples were a n a l y z e d u s i n g mercury p e n e t r a t i o n 

p o r o s i m e t e r . The morphology of the i n t e r n a l s t r u c t u r e of the 

e l e c t r o d e s were a n a l y z e d u s i n g SEM. 

E l e c t r o c h e m i c a l Behav i our 

The prepared e l e c t r o d e s were s u b j e c t e d to steady s t a t e 

g a l v a n o s t a t i c p o l a r i z a t i o n u s i n g a c o n v e n t i o n a l H-type 

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

n i c k e l as cou n t e r e l e c t r o d e and Hg/HgO, OH
-

 as r e f e r e n c e 

e l e c t r o d e were used. E l e c t r o d e s were p o l a r i z e d at room 

temperature as w e l l as at 333°K. P o l a r i z a t i o n s t u d i e s were 

conducted i n 6M po t a s s i u m (KOH) and sodium h y d r o x i d e (NaDH) 

s o l u t i o n s . Oxygen gas f l o w and p r e s s u r e were measured by 

manometers. 
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RESULTS AND DISCUSSION 

V a r i o u s types of double l a y e r e l e c t r o d e s , both c a t a l y z e d 

and u n - c a t a l y z e d , were p r e p a r e d . The e l e c t r o d e s were c a t a l y z e d 

o n l y i n the l a y e r f a c i n g the e l e c t r o l y t e . The gas d i f f u s i o n l a y e r 

of a l l the e l e c t r o d e s were s i m i l a r , and the same amount of b i n d e r 

(PTFE) was used i n the p r e p a r a t i o n of a l l the e l e c t r o d e s . Other 

p r e p a r a t i o n c o n d i t i o n s such as te m p e r a t u r e , compacting p r e s s u r e 

e t c . , were a l s o m a i n t a i n e d the same. C a t a l y s t l o a d i n g and. 

p o r o s i t y of d i f f e r e n t e l e c t r o d e s are p r e s e n t e d i n Ta b l e I. There 

i s o n l y a ma r g i n a l d i f f e r e n c e (60 to 65%) i n the p o r o s i t y of 

these e l e c t r o d e s . 

Table I : Amount of C a t a l y s t and P o r o s i t y of D i f f e r e n t Type of 
E1 e c t r o d e s 

E 1 e c t r o d e 
Number 

Type of 
E1 e c t r o d e 

C a t a l y s t Amount 
(mg/cm ) 

Poros i ty 
{%) 

1 U n-cata1yzed -- 63. 4 

2 N i - c a t a I y z e d 10 62. 5 

3 N i - c a t a 1 y z e d 15 62. 1 

4 R u - c a t a l y z e d 5 64. 8 

5 R u - c a t a l y z e d 8 64 6 

6 P t - c a t a I y z e d 1 65 0 

7 P t - c a t a 1 y z e d 2 65 2 

8 P t - c a t a l y z e d 3 65 5 

However, p o r o s i t y d e c r e a s e s s1 ' Lghtly i n the case of N i - c a t a l y z e d 

e l e c t r o d e s . By o b s e r v i n g the gas f l o w r a t e and gas o v e r - p r e s s u r e 
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on the e l e c t r o d e s u s i n g manometers, i t was found t h a t the 

e l e c t r o d e s c a t a l y z e d w i t h p l a t i n u m had good gas d i f f u s i o n 

c h a r a c t e r i s t i c s i n comparison w i t h those c a t a l y z e d w i t h e i t h e r Ni 

or ruthenium (Ru). The porous c h a r a c t e r of the e l e c t r o d e s may be 

i n c r e a s e d by u s i n g a c t i v a t e d c h a r c o a l of h i g h q u a l i t y . 

The s p e c i f i c s u r f a c e a r e a of the powders were 

a n a l y s e d u s i n g BET method and are r e p o r t e d i n Table 11. The 

powder i n the working l a y e r of the e l e c t r o d e and (which i s the 

bes t e l e c t r o d e ) has h i g h s u r f a c e a r e a compared w i t h N i - c a t a l y z e d 

powders. 

Table II : S p e c i f i c S u r f a c e Area (m
2

/cc) of V a r i o u s Carbon 
Powders Used i n the P r e p a r a t i o n of E l e c t r o d e s 

E I e c t r o d e No. Layer Spec i f i c S u r f a c e Area 

1 Gas Layer 0 . 080 

1 Working Layer 0 180 

2 Working Layer 0 034 

3 Working Layer 0 860 

4 Working Layer 0 046 

5 Wor k i ng L ay e r 0. 048 

6 Working L ay e r 0, 050 

7 Working L ay e r 0, 054 

8 Working Layer 0. 060 

The e l e c t r o d e t h i c k n e s s was found to be i n the range of 1.35 to 

1.45 x 10~
3

m. 

The morphology of the e l e c t r o d e samples were a n a l y s e d 
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u s i n g SEM. The morphology of the gas d i f f u s i o n l a y e r (common f o r 

a l l the e l e c t r o d e s ) i s shown i n F i g . I . S i m i l a r l y the working 

l a y e r of e l e c t r o d e s 1,6 and 8 are shown i n F i g . 2 , 3 and 4 

r e s p e c t i v e l y . F i g . 4 c l e a r l y shows t h a t p l a t i n u m ( P t ) i s d i s p e r s e d 

u n i f o r m l y i n the e l e c t r o d e . T h i s can be compared w i t h the 

morphology of the w o r k i n g l a y e r of unca.ta. 1 yzed e l e c t r o d e i n 

F i g . 2 . The morphology of the working l a y e r of the e l e c t r o d e s 

which c o n t a i n d i f f e r e n t amounts of p l a t i n u m a r e p r e s e n t e d i n 

F i g . 3 and 4 and shows s i m i l a r morphology. SEM a n a l y s i s of the 

working l a y e r of e l e c t r o d e s 2,3,4,5 a.nd 7 were found to have 

s i m i l a r c h a r a c t e r i s t i c s . 

WW: 

Î'SKU S'600. 3127 1@. 0U CECPI 

F i g . 1.SEM micrograph of the Fig.2.SEM microgra.ph of the 
gas d i f f u s i n g l a y e r working l a y e r of E l e c t r o d e N o . l 

The e l e c t r o c h e m i c a l behaviour of a l l the e l e c t r o d e s were 

s t u d i e d by steady s t a t e g a I v a n o s t a t i c t e c h n i q u e . The p o l a r i s a t i o n 

was done at v a r i o u s temperatures i n p o t a s s i u m and sodium 

h y d r o x i d e s o l u t i o n s . The p o l a r i s a t i o n b e h a v i o u r of e l e c t r o d e s 

1,2,4,6 and 8 i n 6M KOH a t 333°K i s shown i n F i g . 5 . The 
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performance of the e l e c t r o d e 1131 i s a l s o shown f o r comparison. 

D u r i n g p o l a r i s a t i o n , the oxygen gas over p r e s s u r e was maintained, 

a t 30 - 40 mm mercury (Hg). 

Fig.3 .SEM micrograph of the Fig.4.SEM micrograph of the 
w o r k i n g l a y e r of E l e c t r o d e No.6 working l a y e r of E l e c t r o d e No.8 

From F i g , 5 , the un-cata1yzed e l e c t r o d e (No.l) i s found 

to have poor performance w h i l e the e l e c t r o d e No,8 which c o n t a i n e d 

maximum amount of p l a t i n u m , showed very good performance. The 

p o l a r i s a t i o n c u r v e s are almost r e c t i l i n e a r i n d i c a t i n g t h a t the 

F i g . 5 . G a I v a n o s t a t i c p o l a r i s a t i o n i n 6M KOH s o l u t i o n 
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r a t e of e l e c t r o d e r e a c t i o n i s not c o n t r o l l e d by i r r e v e r s i b l e 

charge t r a n s f e r p r o c e s s . The i n f l u e n c e of oxygen gas over 

p r e s s u r e on the e l e c t r o d e w i t h i n the range 30 - 40 mm Hg i s not 

subs t a n t i a l . 

P o l a r i s a t i o n s t u d i e s i n 6M KOH a t room temperature 

showed s i m i l a r b e h a v i o u r . The open c i r c u i t p o t e n t i a l (OCV) of a l l 

the e l e c t r o d e s ( T a b l e I I I ) i s very low i n the case of un-

c a t a l y z e d e l e c t r o d e and very h i g h i n the case of e l e c t r o d e No.8. 

The OCV of the e l e c t r o d e s i n c r e a s e s w i t h i n c r e a s e i n e l e c t r o d e 

performance, d u r i n g p o l a r i s a t i o n . The steady s t a t e g a l v a n o s t a t i c 

Table III : Open C i r c u i t P o t e n t i a l (mV) of D i f f e r e n t E l e c t r o d e s 
i n 6M KOH and 6M NaOH S o l u t i o n s a t 333°K 

E l e c t r o d e Open C i r c u i t P o t e n t i a l vs Hg/HgO, OH 
Number 

6M KOH 6M NaOH 

1 0 047 + 0 040 

2 + 0 052 + 0 047 

3 + 0 058 + 0 051 

4 0 060 + 9 053 

5 0 064 + 0 058 

6 • 0 115 + 0 103 

7 + 0 147 + 0 137 

8 + 0 160 + 0 150 

p o l a r i s a t i o n of a l l the e l e c t r o d e s were s t u d i e d i n NaOH s o l u t i o n 

both w i t h r e s p e c t to c o n c e n t r a t i o n and temperature ( F i g . 6 ) . 

The e l e c t r o c h e m i c a l b e h a v i o u r of a l l the e l e c t r o d e s 
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200 

CURRENT DENSITY, A/m
2 

Fig.6.Galvanostatic p o l a r i s a t i o n i n 6M NaOH s o l u t i o n 

( T a b l e I I I ) a r e low i n NaOH as compared to KOH s o l u t i o n s . 

However, the order of performance remains the same and showed 

h i g h s t a b i l i t y ( > 48 h o u r s ) . 

CONCLUSION 

I t may t h e r e f o r e be co n c l u d e d t h a t the performance of 

gas d i f f u s i o n e l e c t r o d e s c o u l d be enhanced by the i n c o r p o r a t i o n 

of p l a t i n u m as c a t a l y s t and a l s o by the use of carbon powders 

ha v i n g l a r g e s u r f a c e a r e a and low p a r t i c l e s i z e . F u r t h e r 

improvements c o u l d be a c h i e v e d by u s i n g the carbon powder of good 

q u a l i t y and by u s i n g v a r i o u s c a t a l y s t s l i k e p o r p h o r i n , 

p t h a I o c y a n i n e e t c . 
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NON-LINEARITY O F CALIBRATIONS IN T H E ANALYSIS O F ANIONS B Y 

I O N - C H R O M A T O G R A P H Y WITH SUPRESSED C O N D U C T I V I T Y D E T E C T I O N 

.1. Costa Pessoa*, A. Gameiro, M.C. Gonçalves,-A.S. Fv.rmino 

Instituto Superior Técnico -Departamento de Química, Av . Rovisco Pais, 

10ye LISBOA C O D E X , P O R T U G A L 

A B S T R A C T 

Non-linearity of calibration in the determination of anions by ion-

chromatography with supressed conductivity detection is re-examined. With a 

carbonate eluent, the curvature is demonstrated for NGg, Br" and SO*" calibrations 

using plots of the logarithm of the normalized peak area against the logarithm of the 

anion concentration. These graphs were also evaluated theoretically assuming the peak 

shape is Gaussian. It is demonstrated that for sufficiently low concentrations linear 

calibrations are obtained and that deviations are to be found in the middle of the 

concentration range. Several procedures are discussed to avoid having large errors in 

analysing samples over a wide range of concentrations. 

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

The term "ion-chromatography", introduced by Small et al in 1975 [1], 

originally was used to describe a system of ion-exchange chromatography using a low 

capacity ion-exchange column, a suppressor column and a conductivity detector. More 

recently, the definition has been broadened so that "ion-chromatography" is now 

generally applied to any modern chromatographic method for determining inorganic 

and organic ions. The word "modern" implies that the separation is high performance 

(or rapid) and that automatic detection is employed. 

Suppressed anion and cation chromatography employ post-column chemistry to 

reduce the background signal and allow conductometric detection of sample ions [2]. 

Ion determinations by single column ion-chromatography are performed with the 

separation column connected directly to the detector [3]. 

Ion chromatography is a useful and sensitive method for the determination of 

ions, specially for inorganic anions and has found widespread application. When a 
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