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Introduction

If a gas to be imported into the liquid faster than the
phases disengaged, foam or froth is formed. Froths
from foam in acid gas treating with amine solutions
processes will be diagnosed by breaking time and
disengagement. If the formation and breaking time
of foam are equal, we have stable foam. So far
alkanolamines solutions are widely were used for
acid gas removal from gas streams and flue gases.
Foam plays important role in serious problems in
amine plants such as loss of solvent and reduction of
capacity of gas absorption, reduction of efficiency of
mass transfer in gas treating systems and increases the
operating costs [1-3]. Therefore, formation of foam
in gas sweetening plants has to control. Temperature,
pressure, surface tension of liquid, fine particles,
various chemicals, gas and liquid composition are the
effective parameter in foam formation [4-5]. It has
been found that the surface tension is an indication of a
solution’s tendency to formation of foam. The surface
tension (y) acts parallel to the surface force to prevents
any effort to the expanding of surface area. Molecules
of liquid have to transfer from inside of liquid to the
surface for expanding of surface. There are some
forces interior of liquid such as hydrogen bonding and
dipolar effects which molecules requires overcoming
them. A nonpolar liquid has the low value of hydrogen
bonding and therefore requires little work to expand
its surface and has a low surface tension and tend to
foam. On the other hand, polar aqueous alkanolamine
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solutions have a high surface tension and have low
tendency to foam.

There are some foams in the trays of the absorption
tower in gas refineries. These foams are not stable
and are normal. But, the presence of stable foam is a
problem. This problem involves increasing of pressure
drop of the absorption tower and sudden increase in
the pressure of the absorbing tower. The present study
focused on foam characters and surface tension of
nanofluid consists of amine functionalized UiO-66
and MDEA solution and developing of foaming model
based on Pilon for use in gas sweetening process.
In this model, we have to fit results and obtain three
dimensionless numbers, Capillary number, Ca, Froude
number, Re, and Reynolds number, , for estimation
of in Pilon model. In addision, the Bikerman model
[6] was used to show relationship of superficial gas
velocity of N, and foam formation.

Materials and Methods

Materials

All of the materials were reagent grade and used
without further purification. A ultrasonic water
bath (FUNGILAB, model UA10MFD) was used
to degassing of deionized water at 353.15 K and
frequency of 40 kHz for about half an hour before
starting the experiments.

Foam apparatus and testing method Figure 1 shows the
schematic foam apparatus system according to ASTM
D-892-03.
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Fig. 1 Schematic foam apparatus system.

125 mL of solution was loaded to a 1000 ml graduated
foam vessel and water bath was controlled the
temperature of experiments. Experiments were carried
out at 313.15, 323.15 and 333.15 K. Before starting
each experiment, a flowrate of 20 ml min-1 of N,
was bubbled for 30 min into the liquid to remove
any adsorbed gases. For remove of moisture form
N,, the silica gel trap was used before entering of gas
into the liquid. The blowing time of N, was about 20
min through the gas diffuser and after that the height
of foam was recorded by a graduated cylinder. The
average foam height were used instead of the actual
foam height to reduce errors due to data readings. In
these experiments, the height of foam and breaking

time was obtained for solutions. Temperature was
adjusted within accuracy of +0.01 K and the flow rate
of Nitrogen (N,) was controlled by a flowmeter. All
of measurements were repeated for three times and
results checked with each other and average value
were used.

The breaking time of foam was considered as foam
stability and measured after the gas flow completely
was stopped till the foam was disappeared. Table 1
represents the values of stability and height of foam
in 0.4 mass fraction of MDEA solution and 0.4 mass
fraction of MDEA + 0.001 mass fraction of UiO-66-
NH, solution. Figure 2 shows dependence of foam
height to temperature.

Table 1 Values of stability and height of foam in 0.4 mass fraction of MDEA and 0.4 mass fraction of MDEA + 0.001 mass

fraction of UiO-66-NH, solutions.

. Height of Foam (mL) Foam Stability (s)
Solutions
303K 313K 323K 333K 303 K313 K 323K 333K
40 % MDEA 40 33 27 20 6.50 4.78 2.56 1.80
40 % MDEA+ 0.1% UiO-
0% 0.1% Ui0 30 25 20 15 5.80 3.59 1.59 0.94
66-NH,
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Fig. 2 Dependence of height of foam to temperature, filled symbols represents the 0.4 mass fraction of MDEA solution and
open symbols represents the 0.4 mass fraction of MDEA+0.001 mass fraction of UiO-66-NH,.



Results and Discussion

It is clear that increasing of temperature decreases
the intermolecular forces and increases the molecular
movements, therefore foam height reduces. This
argument is valid about foam stability, so, stability of
foam decreases with increasing of temperature. On
the other hand, with increasing of temperature, the
surface viscosity reduced and it causes decreasing
of height and stability of foam. The foam is also a
function of elasticity calculated based on surface
tension values. Results show that with increasing of
temperature, the surface tension of samples is reduced.
It is because of faster movement of sample molecules.
Since, the reduction of surface tension is directly
related to the increasing of foam tendency, and we
expect the stability and height of foam increase with
decrease of surface tension. Forasmuch as dissolving
of UiO-66-NH, in MDEA solutions done by creating
of new hydrogen bonding in the solution media, the
intermolecular forces in solution increases and as a
result the surface tension of solution consists of UiO-
66-NH, increases respect to MDEA solution. This
result causes decreasing of height and stability of
foam in MDEA+UiO-66-NH, solution. Results show
that addition of UiO-66-NH, to the MDEA solution
decreases up to 25% in foam volume and up to 47 % in
foam stability and increases surface tension of liquid
up to 0.8 %. Hydrophilic solids increase the surface
viscosity and are known as foam stability factor. On the
other hand, hydrophobic solids decrease the elasticity
of foam with increasing of surface area, therefore these
solids increase the surface tension of solution and acts
as instability factor for foam formation. Since the
UiO-66-NH, is considered as hydrophobic solid, can
be expected the foam formation of solution of amine
in presence of UiO-66-NH, have low foam tendency.

Conclusions
Surface tension and height and stability of solutions
of 0.4 mass fraction of MDEA and 0.4 mass fraction
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of MDEA with 0.001 mass fraction of UiO-66-NH,
MOF were studied and results showed that due to
intermolecular interaction between UiO-66-NH, and
MDEA and water molecules, surface tension in MDEA
solution is little less than MDEA solution contain of
UiO-66-NH, nanofluid and as a result, stability and
height of foam are bigger than it. The Bikerman model
was used to investigate foam property and highlights
that solutions behave linearly in decreasing foam
formation and surface tension with an increasing
temperature, as it expected. Moreover, results show
that addition of UiO-66-NH, to the MDEA solution
decreases up to 25% in foam volume and up to 47 % in
foam stability and increases surface tension of liquid
up to 0.8 %. A foaming model based on Pilon et al.
was successfully developed, and results show good
agreement between experimental data and model.
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