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Abstract

Separation of liquid-liquid dispersion is an integral part of a variety of processes; for
example, crude oil processing (crude desalting), hydrometallurgy (solvent extraction), etc.
Mixer—settlers are widely used in the solvent extraction because of their advantages over the
other equipment. In a mixer—settler, two immiscible liquid phases enter the mixer, and the
organic phase is dispersed into the aqueous phase in the mixer (used for extraction) and then
the dispersion flows into a large-sized gravity settler. The dispersion undergoes binary and
interfacial coalescence that occur within the dispersion band inside the settler and results in
phase separation. While there exist many reports available on mixer operations, a limited
information reported on the separation phenomena in gravity settlers in the literature. The
separation performance inside the settler depends on operating parameters (e.g., dispersion
flow rate, dispersed phase volume fraction and drop size), geometrical parameters (e.g., settling
area and dispersion inlet position) and rates of interfacial and binary coalescence. Therefore,
an understanding the role of aforementioned parameters in phase disengagement is very
important to improve the separation performance of settlers, which in turn can help in the
optimization and design of settlers. Further, for the design and scale-up of gravity settlers, it is
important to develop the CFD models that account for the binary and interfacial coalescence

processes.

In the present work, experimental investigations of liquid-liquid disengagement are
performed in a laboratory-scale continuous gravity settler. The effects of different operating
and geometrical parameters on the phase disengagement are investigated. Based on the
measurements and the data reported in the literature, an empirical correlation is proposed to
predict the dispersion—band height. Further, to develop an understanding of the drop
coalescence process, the micro-scale experiments are performed to measure the frequency of

interfacial and binary coalescence in the presence of single isolated drops and multiple drops.
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These measurements provide crucial database required to develop kernels for the interfacial
and binary coalescence rates. Such kernels are important to predict the drop size distribution

using the population balance (PBM) or integrated CFD+PBM models.

Further, the Eulerian multi-phase model is developed in the open-source CFD code
OpenFOAM to simulate the gravity separation process. In addition, a stand-alone PBM is
developed and integrated with the multi-phase CFD model to predict the drop size distribution
and dispersed phase volume fraction within the dispersion band. Moreover, since the interfacial
coalescence governs the separation process in the settler, the interfacial coalescence module is
incorporated in the CFD model. Initially, the developed CFD+PBM model is used to simulate
the batch settler to build confidence on the predictive capabilities in the relatively simple
system (due to the absence of convective flow in comparison to the continuous gravity settler).
To validate the developed model, the batch settling experiments are performed in a laboratory-
scale batch settler. Later, the CFD+PBM solver is used to perform the simulations of liquid-
liquid disengagement in the continuous-gravity settler to predict the dispersion band height,
drop size and dispersed phase volume fraction distribution within the dispersion band and
predictions are validated with measurements. The computational model developed in this work
will be useful to predict the separation process in gravity settlers and to optimize their

separation performance.
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Aa
An
By
Be
Cp
ds2

db

Nomenclature

settling area, m?

settler cross-sectional area, m?

surface area of drop, m?

Hamaker constant!, 2.15 x 102! kg m?/s?
birth due to breakage, -

birth due to coalescence, -

drag coefficient, -

Sauter mean diameter, m

drop diameter, m

hydraulic diameter of settler cross—section, m
loss due to breakage, -

loss due to coalescence, -

E6tvos number (as defined in Table 2.3), —
buoyancy force, kg m/s?

interfacial tension force, kg m/s?
gravitational acceleration, m/s’

height of interface from the bottom, m
height of dispersion band, m

height of dispersion inlet opening baffle, m
height of end plate, m

height of settler, m

height of dispersion inlet baffle opening, m
length of settler, m

mass of a drop, kg

momentum exchange between the phases,
number of drops, —

dispersion number (as defined in Table 2.3), —
drop number density, -

pressure inside a drop, N/m

pressure outside a drop, N/m

pressure, N/m?

radius of draining film, m

rate of binary coalescence, m*/s

rate of interfacial coalescence, m’/s
Reynolds number, -

dispersed phase flow rate, L/h (m?/s in correlation (Eq.2.11)
total flow rate, L/h

Reynolds number, —

drop radius, m

time, S

time of interfacial coalescence, s

phase residence time in mixer, s

phase residence time in settler, s
coalescence time, s

continuous—phase film drainage time, s
relative velocity, m/s

average velocity, m/s
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vV volume of settler, m?

Va volume of a droplet, m

ur rise velocity, m/s (used in Eq. 2.7)

Vin volume of mixer, m*

Vin dispersed phase velocity at inlet, m/s

Vr terminal rise velocity, m/s

Wo width of dispersion inlet opening, m

x" dimensionless settler length (I/1s), —

V' dimensionless settler height (h/H;), —

Greek Letters

00 dispersed phase volume fraction, —

04 continuous phase volume fraction, —

p mass source of binary coalescence

Y mass source of interfacial coalescence

pd dispersed phase density, kg/m?

Pe continuous phase density, kg/m?

Ap density difference, kg/m’

70 time of drop coalescence, s

o interfacial tension, N/m

&c dispersed phase volume fraction at coalescing interface, —
Ue continuous phase viscosity (kg/ms)

Ud dispersed-phase viscosity, kg/m s

v rate of interfacial coalescence per unit area, m*/s—m?
I rate of binary coalescence, m®/s

0 separation distance between the two drops, m
Or critical film thickness at rupture, m

o interfacial tension, N/m

o* standard deviation

o1 frequency of interfacial coalescence, 1/s

W3 frequency of binary coalescence, 1/s

b, rate of drop collision, m>/s

Qe coalescence efficiency, -

€ rate of dissipation, m?/s>

Ap density differences between the liquid phases, kg/m?

Subscript/Superscript

in inlet

bd buoyancy—driven collision

sd shear—driven collision

Acronyms

Al Active Interface

CFD Computational Fluid Dynamics

DSD Drop Size Distribution

Dw Demineralized Water

DLVO Derjaguin B., Landau L., Verwey E., Overbeek J.
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EDL
PBM
PMMA
PI

PISO
PIMPLE
RPM
RDC
RMSD
SDS
SIMPLE
1BP

Electrostatic Double Layer

Population Balance Modeling

Poly Methyl Methacrylate

Passive Interface

Pressure Implicit with Split Operator

Pressure Implicit Method for Pressure Linked Equations
Revolution Per Minute

Rotating Disk Contactor

Root Mean Square Deviation

Sodium Dodecyl Sulfate

Semi Implicit Method for Pressure Linked Equations
Tri—Butyl Phosphate
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