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Background

Liquid-liquid processes are widely encountered in the chemical industry. Most extractors used for liquid-liquid processes, like the Kuhni column and the mixer-settler combination, 
are space consuming, require a significant processing time, and involve severe safety challenges. Therefore equipment with a larger productivity is desired.

Aim

Here we demonstrate the liquid-liquid mass transfer rates in a counter-current operated single stage extractor. The extractor is based on spinning disc technology, which is known 
for its excellent liquid-liquid, liquid-gas, and liquid-solid mass transfer rates [Van der Schaaf, 2011]. The presented liquid-liquid mass transfer rates are two orders of magnitude 
higher than for conventional equipment, and are same order of magnitude as those measured for co-current operated microchannels.

Methods

The extractor is schematically shown in Figure 1. The extractor consists of an impeller (light grey) which is enclosed by a co-rotating cylindrical housing (dark grey). Two weirs are 
co-rotating adjacent to the cylindrical housing. Liquids present between the rotating housing and the weirs, are susceptible to the centrifugal force. Heptane droplets (blue) are 
therefore forced radially inwards. The impeller is similar to impellers used in centrifugal pumps, and pumps heptane from left to right (A to F). Simultaneously, the water (yellow) is 
fed from right to left (G to L). Both liquids are intensely contacted at the impeller outlet (C) where heptane is dispersed into the water. This yields intense mixing of the liquids. The 
impeller diameter is 170 mm. The spacing between the impeller and the rotational outside is between 1 and 3 mm. The volume of a single stage is equal to 102 mL. The residence 
time for each phase varies from 2 to 70 seconds. For visualization purposes, the housing of the extractor is made of poly(methylmetacrylate). The maximum rotational disc speed is 
750 RPM. Full separation of water and heptane was obtained at the extractor outlets in all experiments.

The overall liquid-liquid mass transfer rate is measured by continuously contacting a benzoic acid in n-heptane flow with a benzoic acid free water flow [Visscher, 2011, 2012]. The 
liquid-liquid mass transfer rate is calculated from the steady state benzoic acid concentrations in both liquids. These concentrations are measured by UV-VIS spectroscopy. Water 
and heptane are counter-currently contacted at aqueous to organic flow ratios ranging from 1:1 to 5:1 with a maximum total flow rate of 5 m³ total liquid per day (200 kg/hr).

Results

The liquid-liquid mass transfer rates equals 0.47 m³ORG m-3
R s-1 for a rotational speed difference of 150 RPM (NIMPELLER=200 RPM, NOUTSIDE=350 RPM), and 0.94 m³ORG m-3

R s-1 for 
a rotational speed difference of 250 RPM (NIMPELLER=100 RPM, NOUTSIDE =350 RPM). The overall liquid-liquid mass transfer rate increases with the difference in rotational disc 
speed. These mass transfer rates are in the same order of magnitude as those measured for liquid-liquid slug flow in co-current operated microchannels, and two orders of 
magnitudes larger than those measured in packed columns [Kashid, 2007].
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