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ABSTRACT 

A new dynamic response method [1] for the measurement 

of volumetric mass transfer coefficient, kLa,,  in a 

mechanically agitated contactor is proposed, which involves 

bubbling of pure CO2  continuously into a batch stirred 

aqueous liquid phase and measuring the change in electrical 

conductivity of the aqueous phase caused by the formation of 

carbonic acid continuously as a function of time. A 

mathematical model is proposed with the help of which the 

value of kLa can be determined by using a nonlinear least 

squares method. The present method is an improvement over 

the steady state method of Kojima et al. [2] who studied 

absorption of pure CO2  gas in a continuous flow stirred tank 

reactor. Experiments were conducted in 0.164, 0.295, 0.41m 

diameter standard tanks agitated by six flat blade disk 

mounted turbines. The following correlation was obtained: 

kLa = 5.390 x 10-2 (pg/v)0.49 vs0.75  

where P /V is power consumption in watts/m3  predicted by 

using the equations of Rushton [3] for homogeneous liquid 

systems and the equation of Hughmark [4] for gas sparged 

systems, and Vs  is superficial gas velocity in m/sec. The 

values of kLa obtained by using the above correlation 

equation were found to be close to the kLa values obtained 

by using the correlation of Stenberg and Anderson [5], 15 - 

25% lower than the kLa values obtained by using equation of 



Linek et al [6], and 20 - 25% higher than the kLa values 

obtained by using the equation of Kojima et al [2]. 

The electrical conductivity method of measuring kLa was 

extended to the desorption case. Water presaturated with 

pure CO2  was desorbed into, pure nitrogen in a mechanically 

agitated contactor. The transient electrical conductivity 

data of water obtained during desorption were used to obtain 

the value of kLa with the help of a mathematical model which 

took RTD of the gas phase into account. The kLa data 

obtained by absorbing/desorbing CO2  from/into nitrogen were 

found to be on the higher side when compared with the kLa 

data obtained by absorbing pure CO2. The values of kLa 

obtained under conditions of desorption into air it, 

were however found to be even higher than the corresponding 

values of kLa obtained when CO2  was absorbed from N2  - 

CO2  mixture or, disorbed into N2. The high value of kLa 

found in the above experiments were attributed to 

supersaturation accompanied by bubble nucleation as 

predicted by Brian et al. [7]. Some experiments were 

carried out by desorbing CO2  into air from water which was 

presaturated with a gas containing CO2  and 02  in the ratio 

of 75:25 by volume. The presaturation with 02-0O2  was done 

to prevent absorption of 02  during desorption of CO2  which 

could have otherwise resulted in enhancement in mass 

transfer rate due to supersaturation and consequent bubble 

nucleation. The results on desorption obtained by using 



water presaturated with oxygen were found to be in agreement 

with the results obtained by absorbing pure CO2  into water. 

Studies on the effect of process variables [8) like 

liquid temperature, additives like alcohol, CMC, and solids 

on kLa were also made. The values of kLa were found to 

increase (1) with an increase in temperature of the liquid, 

(2) with an increase in the amount of dissolved alcohol (3) 

with an increase in solids concentration from 0-7%. The-  "gr  

value of kLa was found to decrease, (1) with an increase in 

viscosity (2) with an increase in solids concentration 

beyond 7%. Quantitative explanations for the observed 

effects of various variables on kLa have been also given. 

Assuming that the interfacial area (a) correlation 

given by Calderbank is valid, values of kb  were calculated 

from the kLa data obtained in the present work corresponding 

to the conditions for which the correlation of Calderbank 

for interfacial area is valid. 	The value of kL were also 

calculated by using the different correlations available in 

the literature. The kb  values are found to differ very much 

from each other and also appear to increase with stirring 

rate. The data on kL  obtained in the present work were 

fitted to obtain the following equation: 

kL  = 0.132 (g 	p01/3(D,, 1 L,A,L)1/2 (_e_)0.15 



Gas holdup was also measured experimentally in the 

present work. The values of gas hold up for tap water were 

found to be higher than the corresponding values for 

distilled water. Gas hold up was found to increase with an 

increase in the concentration of alcohol content upto 4% by 

volume. 

The correlation of Hughmark for P /V was also confirmed 

by conducting power input measurement studies by using a new 

method in the present work. The new method [9] for 

determining power input consists of measuring the 

temperature rise data obtained during stirring of a liquid 

in a mechanically agitated contactor with the help of a four 

junction thermopile in 0.164m and 0.21m dia. tanks under 

ungassed and gassed conditions. Majority of the experimental 

data were found to agree with the data predicted by using 

the correlations of Rushton et al 
	

( 3 ) and Hughmark (4) 

within -5 % to + 11.0%. 
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