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Name: HIRAYAMA Mikiro

This thesis focuses on elucidating characteristics of mass-transfer as well as flow behavior of
novel column-type extraction equipment called emulsion-flow column. The column achieves a high
extraction ratio of the target material with a simple operation of supplying both aqueous and organic
phases as droplets. In the middle of the column, the layer of droplets occurs and the height of the
layer is kept constant by rapid drop coalescence at both ends of the layer. Thanks to the layer, mass-
transfer between two-phases progresses effectively and a stable counter-current flow attains
successfully.

Chapter 1 introduces the background of liquid-liquid extraction. The contribution of chemical
industry was described in terms of history and development of apparatus. Various types of extraction
equipment were described and their characteristics were summarized. In the course of the
development, emulsion column has been invented and both the strength and weakness were illustrated.
The major weakness is a lack of rational design method for the scaling-up. Since the method strongly
needs correlations of mass-transfer parameters and operating conditions. Therefore, studies were
conducted to obtain those correlation.

In Chapter 2 suggested correlations were of overall mass-transfer capacity coefficient based
on aqueous phase, Kwa and the height of droplet bed, H and various operating conditions. In iodine
extraction, velocity of organic phase had a stronger effect on H. Furthermore Kwa was correlated
with a root of H. This fact suggests that the velocity of organic phase plays a major role in mass-
transfer in emulsion flow operation.

Chapter 3 discusses the strength of axial mixing of the emulsion-flow column. Peclet numbers
were determined for various flow conditions. Furthermore, the degree of axial mixing of the
emulsion-flow column was compared with a number of conventional spray and packed columns by
plotting the droplet Peclet number against the droplet Reynolds number. Points of the Peclet numbers
of emulsion-flow column located in the middle of the spray and the packed columns, which suggests
that the strength of axial mixing in the emulsion-flow column is in between spray and packed columns.

In Chapter 4, the performance of iodine extraction in the emulsion-flow column was evaluated
using an indicator of difficulty in separation, height of transfer unit, H7U and of the number of
theoretical plates, Nm. Observed HTU values were compared with those of many conventional
extraction columns with or without mechanical agitation. The emulsion-flow column showed a top-
level performance of extractors without mechanical agitation, such as packed and spray columns.
Also, that performs in the middle range of agitated extractors. However, structure and operation of
the emulsion-flow column is far simpler than those agitated extractors. From an engineering view, a
method for this point provides a big advantage for the practical application.

Chapters 5 and 6 summarize the results of this study, and subjects for future works were
presented.



