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Introduction

The significant contribution of carbon dioxide to
global warming has prompted worldwide concern due
to increasing industrial activities. Over the past 159
years, the global surface temperature has risen by 0.3
to 0.6 °C. Industries such as thermal power generation,
oil refining, cement production, iron and steel, and
petrochemicals are major sources of atmospheric
carbon dioxide.

Preventing the release of this harmful gas is crucial
for Earth's future. Many developed countries are
committed to reducing greenhouse gas emissions
under agreements like the Kyoto Protocol, assisting
developing nations in research and development [ 1, 2].
Various methods, including physical and chemical
absorption, solid adsorption, and membrane processes,
are used to capture carbon dioxide. Gas hydrates,
a newer approach, are explored due to their high
enthalpy of formation and potential use as secondary
refrigerants [3-17].

Gas hydrates, forming ice-like compounds, result from
water molecules interacting with appropriately sized
gas species like methane, ethane, and carbon dioxide,
creating distinct structures. However, challenges in
thermodynamics and kinetics hinder industrial gas
hydrate formation. Research has aimed to enhance
kinetics and thermodynamics using surfactants like
SDS and biobased alternatives from sunflower oil.
Additives such as SDS, Tween, nanoparticles, and
carbon nanotubes have also been studied for their
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impact on hydrate formation kinetics [6, 17-22].
Agitator speed in a reactor has been examined for
its effects on hydrate formation kinetics, revealing
different optimal speeds identified by various
researchers.

Materials and Methods

Experiments conducted using a stainless-steel reactor
grade 316 with a jacket, capable of withstanding
pressures up to 200 bar and having an internal volume
of 169 cm®. The reactor is equipped with valves for
solution injection, mixture discharge, and temperature
control through coolant flow. A 50% ethylene glycol-
water coolant is used to minimize energy loss.
Temperature and pressure sensors are employed
for measurement. The kinetic experiments focus on
carbon dioxide hydrate formation, involving reactor
preparation, coolant injection, and pressure decrease
as the process proceeds. Agitator speed’s effect on
kinetic parameters is investigated, revealing varying
mass transfer between liquid and gas phases under
different conditions.

Results and Discussion

To investigate the effect of agitator speed on the kinetic
parameters of carbon dioxide hydrate formation,
distilled water was subjected to experiments under
vertical and horizontal steady-state conditions and
at speeds of 2, 4, and 10 rpm. The experiments were
carried out at a temperature of 276.15 K and an initial



pressure of 9.2 MPa.

Figure 1 illustrates the amount of gas uptake inside
the reactor (relative to one mole of water) during the
carbon dioxide hydrate growth process in the steady-
state condition and at speeds ranging from 2 to 10 rpm
at a temperature of 276.15 K and an initial pressure
0f 9.2 MPa. As observed in this figure, the gas uptake
level in the stagnant vertical condition is the lowest
throughout the hydrate formation process compared to
other conditions.
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Fig. 1 The effect of the stirrer speed on the amount of gas
uptake in the process of carbon dioxide hydrate formation
in the stagnant state and at speeds of 2 to 10 rpm at a
temperature of 276.15 K and an initial pressure of 2.9 Mpa.

The reason for the slowest kinetic hydrate formation
in the stagnant vertical condition is the lower mass
transfer rate compared to other conditions, resulting
in the lowest gas consumption rate. Additionally,
the stagnant horizontal condition exhibits higher gas
absorption due to greater gas-liquid contact surface.
The use of an agitator at a speed of 2 rpm promotes
fluid-phase mixing and enhances mass transfer
compared to the stagnant condition, leading to
increased gas absorption. In this scenario, the final
amount of absorbed carbon dioxide is 27.7% higher in
comparison to the vertical and horizontal steady-state
conditions.

Increasing the agitator speed to 4 and 10 rpm improves
liquid-phase mixing and reduces mass transfer
resistance, thereby, enhancing the mass transfer
coefficient and increasing gas uptake over time. The
gas consumption rate at 10 rpm is 91.99 mmol/mol,
indicating an increase in 4.84% and 5.78% compared
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to the vertical and stagnant horizontal conditions,
respectively.

Conclusions

In this study, the effect of agitator speed on gas uptake,
hydrate growth rate, storage capacity, and water-to-
hydrate conversion was investigated. The results of the
experiments demonstrated that the use of an agitator
improved mixing and reduced mass transfer resistance,
leading to an increase in the mass transfer coefficient
and enhancement of kinetic parameters for hydrate
formation. The best outcomes were observed with the
use of an agitator at 10 rpm. At this speed, the amount
of gas uptake increased by 84.4% and 78.5% compared
to stagnant vertical and stagnant horizontal conditions,
respectively. Additionally, the storage capacity
increased by 72.7% and 67.0% compared to vertical
and stagnant horizontal conditions, respectively.
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