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Abstract: Heat and mass transfer are very important in the petroleum, chemical and biotechnology
engineering. For example, the phenomenon like wax deposition can be analysed by heat and mass transfer
studies. In Proton exchange membrane fuel cells also, interphase mass transfer investigations have become
important.Many investigations are based on the volume-of-fluid model. In many applications, studies on air
liquid interphase mass transfer are important. Heat and mass transfer in two phase system is affected by the
interfacial phenomenon, bubble sizes, viscosity, density, temperature, pressure and many other system
specific factors. Many investigators have carried out investigations on interphase mass transfer.
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1. INTRODUCTION

Various theories were proposed in past to explain interphase mass transfer. For the case of gas liquid
interphase mass transfer, it is well known fact that for every concentration in one phase, there is
equilibrium concentration in other phase. The departure from this equilibrium state is causing the
mass transfer. Wetted wall column experiments were considered for understanding of two resistance
concepts [1,2]. Theories namely Film theory, penetration theory and surface renewal theory were
proposed by various investigator to explain the interphase mass transfer and relation between
diffusivity and mass transfer coefficient. Interphase mass transfer has been interesting area of
investigation because of its complexity and importance in mass transfer in many processes[3,4].

Heat and mass transfer are very important in the petroleum, chemical and biotechnology engineering.
For example, the phenomenon like wax deposition can be analysed by heat and mass transfer
studies[5]. In Proton exchange membrane fuel cells also, interphase mass transfer investigations have
become important[6].Many investigations are based on the volume-of-fluid (VOF) model[6-8]. In
many applications, studies on air liquid interphase mass transfer are important[9,10]. Heat and mass
transfer in two phase system is affected by the interfacial phenomenon, bubble sizes, viscosity,
density, temperature, pressure and many other system specific factors[11-15]. Many investigators
have carried out investigations on interphase mass transfer. This review summarizes some recent and
important investigations on this topic.

2. LITERATURE ON INTERPHASE MASS TRANSFER

In industrial processes, mass transfer takes place simultaneously by diffusion and convection [16]. For
accurately defining a process design, accurate representation of the mass transfer area and mass
transfer coefficient is very important[16,17]. Packed beds are used generally with different types of
internals for absorbing gases. Monoethanolamine(MEA) is used for investigations on carbon dioxide
absorption in the mass transfer studies. As the reaction between MEA and Carbon dioxide(CO,) is
fast both gas and liquid side mass transfer coefficient are significant but cannot be determined due ti
rapid reaction. Volumetric mass transfer coefficient is relatively constant throughout the
experiments(17). To compare the experimental results, Proceed Process Simulator (PPS) was used by
Pinto et al.[17]. The results were in perfect agreement with each other. The film theory was used to
calculate enhancement factor. Billet and Schultes correlation corelations were used by them to
estimate The interfacial area and the liquid side mass transfer coefficient[18]. They calculated gas side
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coefficient from Onda and coworkers correlation[19]. According to these studies volumetric mass
transfer coefficient was 0.2 m/s for all runs. They observed that there is a strong interaction between
the liquid side mass transfer coefficient, gas side mass transfer coefficient and interfacial mass
transfer area. This is the reason for appearance of constant volumetric mass transfer coefficient.

Single drop experiments for estimation of mass transfer coefficient is very promising method[20]. In
this, behaviour of a single drop determines the performance of extraction column. Huang et al. used
chloroform-ethanol-water system for the mass transfer system. In this system, Chloroform forms the
continuous phase while deionized water, the dispersed phase. Ethanol is the solute. Wilke-Chang
equation is used for calculation of the diffusion coefficients. They observed that The overall mass
transfer coefficient increased with the drop size and temperature. Also, it decreased with the initial
solute concentration. For larger diameter or higher solute concentration, higher level of instability was
observed.

Morsi and Basha studied various concepts, theories and models for gas-liquid, gas-solid and gas
liquid-solid systems[21].They also discussed various aspects of Slurry Bubble Column Reactors.
According to them, mass transfer in multiphase system is critical for the development of numerous
industrial processes.

An investigation on mass transfer in isolated bubbles was carried out by Roudet et al.[22]. They
analysed interface mass fluxed of pure oxygen rising in the bubble. They identified two main regions
of interfacial oxygen transfer and transport. They observed that in the thin film between the bubble
and wall the oxygen is transported by molecular diffusion. External flow sweeps the bubble, and the
oxygen is transferred in the wake. According to them, convection modifies the mass boundary layer
and enhances the mass transfer.Their analysis indicated that the liquid films are far from being
saturated in oxygen. It was also observed that , the mass fluxes measured either for the total mass
transfer or for the transfer in the films are not so different.

The effects of surfactant monolayers on natural convection heat transfer and evaporative mass transfer
were studied by Bower[23]. They observed that the surfactants changes hydrodynamic boundary
condition at the interface from shear-free for the case of the clean surface to one that supports shear.
According to them convective motion of water is dampened by the presence of surfactants.

Pappas investigated the interfacial mass transfer of acids (by-products) from the organic to the
aqueous phase in the halobutyl rubber production process[24]. In this investigation, they studies the
effect of parameters, such as organic phase viscosity and presence of calcium stearate solids. the size
and stability of the emulsion in the presence calcium stearate. They used butyl rubber for modifying
the viscosity of the solution. There was sharp decrease in mass transfer coefficient with increase in the
organic phase viscosity. They observed that calcium stearate addition enhanced the mas transfer
coefficient till 5 g/l. Further addition affects adversely the mass transfer coefficient due to stearic acid
formation which hinders the contact.

Zhang et al. carried out investigation on the hydrodynamics variation and mass transfer characteristics
of Taylor flow along long serpentine microchannels[25]. Taylor flow is gas—liquid flow pattern that
consists of elongated bubbles with equivalent diameter usually having diameter many folds that of
the channel diameter which is separated by liquid slugs[26]. They investigated the gas-liquid mass
transfer process of CO, in water. Also they studied length, velocity and the mass transfer
performance. Findings in this investigation provided important information to understand the dynamic
change of gas-liquid Taylor flow mass transfer in microchannels.

Baniamerian et al. studied annular flow regime for entrainment mass transfer[27]. They used carbon
dioxide as a refrigerant. In annular flow, high pressure vapour phase produce waves on liquid surface.
These waves play important role in entrainment mass transfer. According to them, undercutting of the
waves causes liquid droplets transfer into vapor core. They observed that entrainment decreases with
increasing the fluid surface tension. Also there is a decrement in number of interfacial waves with
wavelength. According to these studies, decrease in the number of waves prevails the increase in
wave’s amplitude. This investigation underlined that the least mass transfer ratio among the widely-
used refrigerants.
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Colombet et al. investigated rising bubbles in homogeneous swarm for studying the dynamics and
mass transfer phenomenon[28]. They observed that presence of surfactants causes slight increase of
the liquid film thickness around the bubble.

Sherwood number was identical with single bubble rising at same Reynold’s number. Ammonia-
Water Desorption in Microchannel Geometries was investigated by Determan[29]. Their study
indicated that the compact geometry was suitable for all components in an absorption heat pump.

A semiempirical two-zone model was proposed for the gas liquid interfacial area by Larachi et al.[30].
It was possible to determine volumetric mass transfer coefficient by using this model. Liquid and gas
non idealities were considered while applying rigorous thermodynamic model. In this investigation,
effect of pressure, gas and liquid superficial velocities, liquid viscosity, and packing size on the gas-
liquid interfacial mass transfer on interfacial mass transfer was examined. They concluded that an
increase in pressure at the expense of increased pressure drops and gas holdups. Also they found that
the interfacial areas increase in trickle flow regime with increase in viscosity and spherical and
nonporous particles had the lowest interfacial areas. They identified two zone flow patterns with a
liquid-free gas continuous phase and a gas-liquid film emulsion flowing down the packing.

In many mass transfer applications, drops and bubbles are dispersed in another immiscible phase[31].
Major parameters in mass transfer operations are the interfacial area between the two phases and the
transport properties of solute components in the bulk and at the interface. The phenomenon of
formation of droplets has numerous applications in petrochemical and metallurgical processes,
pharmaceutical productions, food processing technologies, particle production, microencapsulation
and generation of emulsions. Generally formation, free-fall, and coalescence are three stages in the
lifetime of a drop[31].

Low solubility of CO and H in the liquid mediumis the limiting factor for the syngas (mixture of CO,
H2 and CO2) fermentation[32]. Liu et al. measured the overall volumetric mass transfer coefficient
for oxygen in sparged and non-sparged vessel[32]. They observed that by increasing the air flow rates
and agitation speeds, the mass transfer coefficient of oxygen increased. At high pressure lower
volumetric gas rate causes the decrease in mass transfer coefficient.

Haghnegahdar et al. carried out an investigation on effect of surfactants on bubble shape and size in a
milli channel[33]. They used high-resolution microfocus X-ray imaging for this investigation. They
observed that presence of surfactants causes slight increase of the liquid film thickness around the
bubble.

Nosratinia et al. carried out investigation on mass transfer coefficients under jetting conditions
[34]. They chose n-Butanol-succinic acid-water with low interfacial tension for these liquid liquid
extraction experiments. They investigated factors affecting mass transfer coefficients such as jet
velocity, nozzle diameter and the height of the continuous phase above the nozzle.With increase in
nozzle diameter, the mass transfer coefficient increased. This investigation highlighted the importance
of mass transfer during g the jet formation and breakage.

Kharangate et al. investigated vertical up flow condensation in a circular tube[35]. They explored
condensation of FC-72 fluid for mass transfer studies. They used An axisymmetric 2-D computational
model for void fraction and heat transfer coefficient.

Maesa and Soulaine explored volume of fluid method for simulation of species transfer across
interface[36]. Volume of fluid method can be geometric or algebraic. Geometric method can achieve
better precision with accurate interface reconstruction as this do not create numerical diffusion. For
complicated geometries, algebraic method is suitable.

Martin and Hudson carried out investigation on two phase flow[37]. They investigated Mass transfer
and interfacial properties in microchannel flow. According to them, molecular mass transfer and drop
circulation affect the performance of microfluidic devices. Emulsion behaviour is also affected by
interfacial properties. In their investigation, they used mineral oil as continuous phase. They observed
that surfactant adsorption affects the Interfacial flow. A mixed kinetic-diffusion limited model
described the surfactant mass transfer[21].
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Singler droplet experiments are used for studying mass transfer for liquid liquid extraction[38].
Droplet formation, rise and coalescence ate three steps in the droplet experiments. Their results
indicated that major part of the resistance is located at the interface between the phases. They used
two film theory for this purpose.

Interfacial mass transfer rates are affected by the presence of surface contamination[39]. Their
research indicated that the mass transfer thickness thickens because of presence of the contamination.

3. CONCLUSION

Interfacial mass transfer rates are affected by the presence of surface contamination. Their research
indicated that the mass transfer thickness thickens because of presence of the contamination. Singler
droplet experiments are used for studying mass transfer for liquid liquid extraction. Droplet formation,
rise and coalescence ate three steps in the droplet experiments. Molecular mass transfer and drop
circulation affect the performance of microfluidic devices. Emulsion behaviour is also affected by
interfacial properties. Presence of surfactants causes slight increase of the liquid film thickness around
the bubble. presence of surfactants causes slight increase of the liquid film thickness around the
bubble. The mass transfer in multiphase system is critical for the development of humerous industrial
processes.
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