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ABSTRACT 

The chemical process industry utilizes many operations, such as liquid-liquid ex-

traction and multiphase reactors, that rely upon a solute transferring between two 

immiscible liquids. In these systems mass transfer occurs during the phenomena of 

drop breakup, free movement of the drops throughout the vessel, drop oscillations, 

and drop-drop collisions resulting in gather coalescence or rebounding. Thus, the 

objectives of this study were first to develop models for interfacial mass transfer dur-

ing each of these processes. These models were used to derive expressions for the 

individual dispersed and continuous phase mass transfer coefficients for each event. 

Subsequently, these expressions were assembled into a simulation routine that pre-

dicted the rate of mass transfer and the transient Sauter-mean drop diameter in 

batch agitated dispersions. Using sixteen different expressions, eight of which were 

developed in this study, the transient fractional mass transfer was felt to be well 

predicted with a ± 20% average deviation for all four combinations of the directions 

of diffusion and dispersion, when no adjustable parameters were used. However, to 

further enhance the simulation, one constant in the breakage frequency was varied 

that improved predictions to ± 15% for 10 simulations, regardless of the directions 

of diffusion and dispersion or surfactant concentration. Furthermore, the transient 

Sauter-mean drop diameter was predicted with a ± 8% average deviation for these 

simulations. 

The second objective was to determine the effect of reversing both the direction 

of diffusion and dispersion on the rate of solute transfer in order to elucidate one or 

more optimal contacting schemes for design purposes. Variations in the solute trans- 

, fer rate for these four permutations could have resulted from Marangoni instability 

or hydrogen bonding between the solute and the solvent that initially contained it. 

Coalescence frequencies also depend on the transfer direction, and this constituted an 



additional modification. The third objectiie was to determine the effect of surfactant 

concentration on the rate of mass transfer, since surfactants are frequently encoun-

tered as contaminants in liquid-liquid extractors. Compounds that behave surface 

actively are also secreted by cells in fermentors while surfactants are purposely added 

in emulsion polymerizers. 

The second and third objectives were examined with a full factorial analysis ex-

perimental design with the following variables: four surfactant (Triton X-100) con-

centrations (one with no surfactant; one that produced a minimal interfacial tension, 

and two intermediate concentrations), two impeller diameters (0.1015 and 0.0631 m); 

two volume.fractions of the dispersed phase (0.07 and 0.03); four impeller speeds 

(above the minimum impeller speed for complete dispersion); and both directions of 

diffusion and dispersion. Water and chlorobenzene were the solvents with tetrabuty-

lamMonium bromide, TBAB, transferring across the interface. A cylindrical vessel 

(diameter of 0.2135m), filled to a height equal to its diameter, with four 8.9% baf-

fles wasp used in conjunction with a centrally mounted six flat-blade turbine impeller. 

Photographs of the dispersion were used to obtain the interfacial area so that area -

free mass transfer coefficients, K, could be obtained. 

When the direction of dispersion and diffusion were varied, several observations 

were made. First, the mass transfer coefficient was enhanced with diffusion from 

chlorobenzene drops at low surfactant concentrations, [SAA]. However, K was not 

increased in this case at high [SAA]. Second, transfer of TBAB from the continuous 

chlorobenzene phase was slightly greater, on average, than that with diffusion in the 

opposite direction at low [SAA]. But, at the two highest surfactant concentrations, 

the direction of mass transfer when water was dispersed did not influence K. 

When the [SAA] was varied, two different results were obtained that de-

pended upon which solvent initially contained the TBAB. With solute transfer from 
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chlorobenzene, the mass transfer coefficient decreased rapidly for [SAM < 0.10 wa-

ter. However, at higher concentrations, it either reached a constant value or was 

slightly enhanced. When TBAB transferred from the aqueous phase, increasing sur-

factant concentrations resulted in augmented mass transfer coefficients. 

) 
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