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Introduction

The reservoir pressure drops when oil extraction starts
unless another fluid flow replaces the extracted oil. As a
result, the well requires increased extraction methods.
Water or gas injection are the first methods that come
to mind to increase the yield. Normally, water injection
has less capabilities because gas has a lower density
than water, so it tends to the upper parts of the reservoir,
and when oil is in the upper part of that reservoir, gas
injection is very important to increase the yield. The
method of increasing extraction through CO, injection
is a well-known technology. This is a cost-effective
method, and since the gas hydrate phenomenon
occurs in the gas injection line to the reservoir during
the cold seasons of the year, it is crucial to use an
anionic ionic liquid to prevent the formation of CO,
gas hydrate [1-8]. Furthermore, kinetic studies in gas
hydrate formation aim to investigate parameters such
as induction time and storage capacity. In general,
kinetic studies in this field with and without improving
materials, unlike thermodynamic studies in this field,
are very limited. For this reason, many kinetic data
on the formation of gas hydrates and clathrate-like
gas hydrates are incomplete. Therefore, the kinetic
study of the formation of hydrates, especially pseudo-
clathrates, can be the priority of research in this field
[9-13]. This study examined the impact of ammonium
salts on the kinetics of CO, gas hydrate formation
in a laboratory setting. We assessed the effect of
tetrabutylammonium hydroxide salt as an inhibitor for
the first time.

Materials and Methods
Materials

Accepted: November/08/2023

The materials utilized in the work include the
following:

1- Carbon dioxide gas

2- Tetrabutylammonium bromide

3- Tetramethylammonium hydroxide

4- Deionized water

Carbon Dioxide Gas

Carbon dioxide gas with a purity of 99.99% was used,
which was purchased from Arvand Industrial Gas
Company.

Tetrabutylammonium Bromide Tetrabutylammonium
bromide (TBAB) product of Sigma Aldrich Company
was added to the system as a solvent and hydrate
formation analysis with defined concentrations.
TetramethylammoniumHydroxide Tetramethylammonium
hydroxide (TMAH), a product of Merck, is a colorless
liquid with a strong smell of ammonia, although its
commercial form is an aqueous solution.

Demineralized (DM) water: DM water was used to
prepare the solutions.

Methods

In this research study, a device for hydrate formation was
used (Fig. 1). The device operates under high-pressure
and low-temperature conditions, with all parts made of
carbon steel, processed, and recorded by connecting
temperature and pressure sensors to the computer.

The hydrate formation reactor, all connections, and
refrigerant fluid transmission pipes are well insulated
to reduce energy loss. To measure the temperature
inside the reactor, a Pt-100 type platinum temperature
sensor was used with an accuracy of K + 0.1. A BD
sensor measured the tank pressure with an accuracy of
0.01 MPa. Moreover, we used a reciprocating stirrer



to ensure proper mixing in the main hydrate formation
tank and a pump to create a vacuum inside the reactor.
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Fig. 1 Design of hydrate equipment.

Materials

The most important goals in kinetic experiments are
to obtain parameters such as induction time, storage
capacity, water-to-hydrate conversion rate, hydrate
number, and hydrate growth rate constant. Kinetic
tests of hydrate crystal production are performed at a
constant temperature, unlike thermodynamic tests. In
this work, after setting the initial conditions and keep-
ing the temperature constant, CO, gas is injected at
a certain average pressure. The gas that is absorbed
into the water and used to produce hydrate crystals
is not compensated, so the pressure of the system is
constantly reduced, and according to the three-phase
equilibrium curve of the hydrate, with the decrease in
pressure, the amount of driving force is also reduced.
In all tests, the temperature and pressure of the system
are recorded at 20-second intervals. In all experiments,
first, the hydrate production reactor is washed with dis-
tilled water and then the air inside it is evacuated using
a vacuum pump. Also, at the end of the experiment,
the reactor was washed to prevent the memory effect
in the experiments.

Results and Discussion
Statistical Analysis

In this work, Design Expert software version 11 was
employed to design the experiment. For statistical
analysis, the response surface test design method and
Central Composite method were utilized.

In this case, four effective parameters on the process
of carbon dioxide hydration in water—the amount of
pressure and temperature, the concentrations of TBAB
and TMAH, and an answer—which is the induction
time in one run and the storage capacity in the oth-
er—were defined for the software. The software con-
siders a range of pressure changes from 40 bar to 50
bar, temperature changes from 274 K to 278 K, TBAB
amounts from 0 to 3% by weight, and TMAH concen-
trations from 0 to 1000 ppm. The software randomly
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designed 25 experiments.

Conclusions

In this research study, the impact of TBAB and TMAH
salt on the induction time of hydrate formation and the
storage capacity of carbon dioxide gas was investi-
gated. For this purpose, Design Expert software was
utilized to design the experiment. Finally, the statisti-
cal analysis of parameters affecting the induction time
of hydrate formation showed that TMAH can increase
the induction time of hydrate formation compared to
other additives. This point is about how tetrabutylam-
monium hydroxide stops the formation of CO, gas
hydrate compared to the pure system. It can be very
helpful when talking about how to increase the yield
by injecting CO, gas into oil extraction and making
sure that no hydrates form. The system containing the
largest amount of this additive has the most optimal in-
duction time reduction. In evaluating the effect of vari-
ables on the storage capacity of carbon dioxide gas,
we concluded that increasing the amount of TBAB salt
and pressure had the greatest effect on increasing the
storage capacity of carbon dioxide gas compared to the
rest of the parameters.
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