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Introduction 

The analysis of mixtures of gases i s in many instances a d i f f i c u l t 

problem e s p e c i a l l y when the information i s required f o r on-line t r e a t ­

ment. As a rule i t i s more s a t i s f a c t o r y to analyse the products of a che­

mical process by a physical method and to allow f o r the e l e c t r o n i c trans­

mission of the r e s u l t s . 

There are a number of chemical and physical procedures which may be 

used to determine the concentration of sulphur dioxide present e i t h e r i n 

qaseous streams or in solutions (1), (2). 

In t h i s work an i n v e s t i g a t i o n i s reported on the use of an e l e c t r o ­

chemical method to determine the concentration of sulphur dioxide i n gaseous 

mixtures containing oxygen, nitrogen and up to 10% sulphur dioxide by vo-

1 ume. 

The Sulphur Dioxide Measurement Device 

The sulphur dioxide probe consists p r i n c i p a l l y of an electrode that 

measures the p a r t i a l pressure of sulphur dioxide i n s o l u t i o n . The concen­

t r a t i o n of sulphur dioxide i s detected by measuring i t s e f f e c t on the pH 

of an a c i d i f i e d s u l p h i t e or b i s u l p h i t e i n t e r n a l f i l l i n g s o l u t i o n which i s 

separated from the sample by a gas-permeable hydrofobic membrane. The 

other device employed i n the system i s an expanded scale pH meter. 
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When the probe i s in contact with the sulphur dioxide solutions the 

gas d i f f u s e s through the gas-permeable membrane u n t i l the p a r t i a l pressure 

in the i n t e r n a l f i l l i n g s o l u t i o n equals that in the sample s o l u t i o n . 

Consequently the pH of the former varies with the concentration of sulphur 

dioxide in the sample and these changes-are sensed by the glass electrode/ 

reference electrode system provided. 

The response of the probe i s reported to be l i n e a r l y r e l a t e d to the 
_2 

logarithm of the sulphur dioxide concentration i n the range 5x10 M to 

5x1O - 0 M (2). I t has also been found to be almost independent of gradual 

v a r i a t i o n s in the range 273-213 K (same author). 

(a) Adaptation f o r on-stream gas analysis 

The probe must be immersed in l i q u i d to prevent the electrode end 

from drying out of f i l l i n g s o l u t i o n . Consequently i t s d i r e c t use in the 

gas stream i s not possible. 

pH 
M e t e r 

502 P robe 

( C o m b i n a t i o n 

pH e l e c t r o d e ) 

Thermostatic 
Bath 

S A M P L E 

Figure 1 Arrangement f o r On-stream 

Gas Analysis 

Figure 1 shows the arrangement used in t h i s work. The gas to be 

analysed was passed into water contained in a narrow c y l i n d e r in which 

the probe was immersed. It was assumed that the concentration of sulphur 

dioxide would r a p i d l y a t t a i n saturation l e v e l . This concentration i s 

related to the p a r t i a l pressure of the sulphur dioxide i n the gas stream 

enabling a r e l a t i o n s h i p to be obtained o f t h i s l a t t e r v a r i a b l e with the 

pH meter reading. 

- 25 -

It i s c l e a r that the p a r t i a l pressure of i n the gas i n e q u i l i b r i u m 

with a given concentration i n the s o l u t i o n w i l l increase with the temperature 

(3). In other words the higher the temperature the wider the p a r t i a l pres­

sure range f o r a same range of S0.? concentration i n s o l u t i o n . 

In + h i s work the system was kept i n a thermostatic bath at 309 K 

which i s near the higher l i m i t of the working temperature range recommended 

by the probe manufacturers (298 - 313 K). 

(b) Study of the probe range and response 

_2 

The l i m i t i n g value of 5x10 M f o r l i n e a r response, corresponds at 

309 K to a p a r t i a l pressure of of around 25 mm Hg i n the gas phase 

( i . e . a concentration of 3.2 mole percent SO2 at atmospheric pressure). 

Tests were c a r r i e d out to see i f t h i s range of SO2 concentration could 

be widened. The technique used was that eventually developed to c a l i b r a t e 

the instrument - a procedure which had to be repeated frequently. 

The r e s u l t s of a t y p i c a l t e s t are presented in f i g u r e 2. 

3 I ; ; 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 ' ' 1 • ' I : 
433 415 433 44S 450 475 

Voltage, mV 

Figure 2 Response of Sulphur Dioxide Probe (showing also 

hysteresis e f f e c t s ) 



- 26 -

The f o l l o w i n g conclusions can be reported: 

( i ) In the range of 3.8 to 25 mm Hg the following r e l a t i o n s h i p holds -

P S 0 2

 = e x p ( ~ 1 4 - 1 8 + 0-03839 V) (1) 

where V i s the pH meter reading i n mV 

and PC-Q i s the p a r t i a l pressure of sulphur dioxide in mm Hg. 

The r e l a t i v e e rror of the f i t t i n g i s less than 1.5%. 

( l i ) In the range of 3.8 to 72 mm Hg ( i . e . up to 9.5% of SG^ by volume) 

A r e l a t i o n s h i p of the form of equation 1 does not give a reasonable 

f i t (dotted l i n e i n f i g u r e 2). 

Instead, the f o l l o w i n g exponential-quadratic r e l a t i o n s h i p holds -

P S Q = exp (8.909 - 0.07000 V + 1.270 x 10" 4 V 2) (2) 

with a maximum percentage e r r o r of 4.8%. 

( i i i ) No hysteresis e f f e c t s were detected when the use of the probe 

was l i m i t e d to streams with S0£ concentrations below 6.33% by volume 

( i . e . p^g < 48.1 mm Hg ). 

( i v ) Hysteresis e f f e c t s were observed a f t e r the probe had been subject­

ed to conditions where the p a r t i a l pressures of SO^ were greater than 

48.1 mm Hg. 

As a consequence i t s use i s l i m i t e d to streams with less than 6.33% 

of SO2 by volume (p^Q < 48.1 mm Hg ). At 309 K t h i s corresponds approx­

imately to concentrations of 0.07 M SO2 . 

(v) The dynamic response was generally poor. Step changes of around 

3% i n the molar concentration of SO2 i n the gaseous stream gave response 

times between 5 and 8 minutes - depending on the sign of the step. 

Equilibrium i s reached more quickly a f t e r an increase in the concentration 

of the species. 

( v i ) The probe potential frequently d r i f t e d during the 7-10 hours 

working period. This d r i f t was of the order of 3-5 mV i n magnitude which 

was somewhat greater than the value of 1 mV in 12 hours admitted by the 

manufacturers. This may possibly be due to the fact that the conditions 

of the a p p l i c a t i o n i n t h i s work are d i f f e r e n t from the "closed f l a s k " 

environment f o r which the probe has been designed. To a l l e v i a t e t h i s problem 

the f i l l i n g s o l u t i o n was changed more frequently than advised by the manu­

facturers and the probe was r e c a l i b r a t e d every three hours. 
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