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Introduction

During the recent decades, microchannels have taken
into account for solvent extraction due to providing
a high surface to volume ratio [1] and augmented
mass transfer coefficients [2,3], as compared to the
conventional contactors. The mass transfer during
solvent extraction in microchannels can be still
enhanced by several methods, e.g., injection of an
inert gas into the system. In this study, liquid-liquid
and gas-liquid-liquid flows through a microchannel
were experimentally investigated, and the results were
compared to evaluate the role of injecting a neutral gas
into the system on the mass transfer phenomenon.

Materials and Methods

The employed microchannel was made of glass,
having a cross-shaped junction with three inlets and a
rectangular cross section. The channel width and height
were 800 and 700 pm, respectively. The central inlet
was allocated to the gas phase while the organic and
aqueous phases were introduced into the microchannel
using two other inlets. The aqueous solution of 0.005
M NaOH with a trace amount of phenolphetalein was
the aqueous phase. The organic phase was 0.7 M acetic
acid in n-hexane and the gas phase was nitrogen. The
color of the aqueous phase was firstly red due to the
presence of phenolphetalein. However, the aqueous
phase became colorless along the microchannel as the
acetic acid was transferred from the organic phase into
the aqueous phase and neutralized NaOH.

NaOH +CH COOH —CH COONa+H O 6))

The liquids were injected in the microchannel by
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syringe pumps. The gas was injected from a nitrogen
storage tank, while the flow rate was controlled by
a precise flow controller. The photographs of the
multiphase flow inside the microchannel were captured
employing a digital camera with an appropriate lens.
The dimensions of the slugs were then extracted from
the photographs to estimate the specific interfacial area
using the following equation [4].
The liquids were injected in the microchannel by
syringe pumps. The gas was injected from a nitrogen
storage tank, while the flow rate was controlled by
a precise flow controller. The photographs of the
multiphase flow inside the microchannel were captured
employing a digital camera with an appropriate lens.
The dimensions of the slugs were then extracted from
the photographs to estimate the specific interfacial area
using the following equation [4].

2L (D+W )+S
‘ WDL.
The overall volumetric mass transfer coefficient was
also estimated as follows:

Y C,

Ka= o m[ G ] ®
4,.L, (1 _Vg /Vm )(1 +q) Corg _qCNaOILaq

Results and Discussion

The liquid-liquid flow regime was slug flow while the
gas-liquid-liquid flow formed gas-in-organic-in-water
slugs. Increasing the organic to aqueous phase flow
rate ratio from 0.5 to 2 resulted in an average decrease
of 50% in the overall volumetric mass transfer
coefficient.

Despite the previous studies showing enhancement of
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the mass transfer coefficient with the gas phase flow
rate at a constant flow rate of the liquids [5], a non-
monotonic variation trend was observed in this study.
In other words, an increase in the gas flow rate from
0 to 10 mm3/s decreased the overall volumetric mass
transfer coefficient and then improvement of the mass
transfer was observed by increasing the gas phase flow
rate from 10 to 20 mm3/s. This is due to the fact that
injection of the gas into the microchannel resulted
in two consequences, affecting the mass transfer
coefficient in opposite ways: (1) the organic phase
slugs were enlarged, and (2) the mixing in the system
was augmented. The former and the latter resulted in
an increase and decrease, respectively, of the mass
transfer resistance inside the organic phase. At low
gas phase flow rates, the first effect was the dominant
influence, while the second effect overcome the other
one at high gas phase flow rates.

Conclusions

In this study, gas-liquid-liquid flow in a glass
microchannel was investigated, and the effect of the
gas phase on the liquid-liquid extraction inside the
microchannel was investigated. Enlargement of the
organic phase slugs with the gas phase flow rate was
the dominant effect at low gas flow rates, resulted in
a deterioration in the overall volumetric mass transfer
coefficient, however, augmentation of the mixing

at high gas flow rates was the dominant influence,
leading to the increase in the mass transfer coefficient.

References

1. Tang J, Zhang X, Cai W, Wang F (2013) Liquid-
liquid extraction based on droplet flow in a
vertical microchannel, Experimental Thermal and
Fluid Science, 49: 185-192.

2. Dessimoz AL, Cavin L, Renken A, Kiwi-Minsker
L (2008) Liquid-liquid two-phase flow patterns
and mass transfer characteristics in rectangular
glass microreactors, Chemical Engineering
Science, 63, 16: 4035-4044.

3.  DiMiceli Raimondi N, Prat L, Gourdon C, Tasselli
J (2014) Experiments of mass transfer with
liquid-liquid slug flow in square microchannels,
Chemical engineering science, 105: 169-178.

4. Sattari-Najafabadi M, Nasr Esfahany M, Wu
Z, Sundén B (2017) Hydrodynamics and
mass transfer in liquid-liquid non-circular
microchannels: Comparison of two aspect
ratios and three junction structures, Chemical
engineering journal, 322: 328-338.

5. Assmann N, von Rohr PR (2011) Extraction in
microreactors: Intensification by adding an inert
gas phase, Chemical engineering and processing:
process intensification, 50, 8: 822-827.



