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Abstract: This study examines the feasibility of reusing carbon dioxide (CO,) emitted from bromine plants to produce magnesium,
with a focus on its potential for reducing greenhouse gas emissions and promoting sustainable practices. The research involves
capturing and purifying CO,from bromine plants and converting it into magnesium carbonate through chemical reactions. The
objective is to assess the viability of this approach and its environmental and economic implications. The study finds that capturing and
purifying CO, emissions from bromine plants is achievable through various techniques such as adsorption, pre-combustion capture,
and direct capture from waste streams. Purification methods like pressure swing adsorption and selective absorption are employed to
remove impurities, ensuring the quality and suitability of the CO, stream for further utilization. The conversion of CO, into magnesium
carbonate is successfully accomplished through mineral carbonation and solvent-based absorption processes. These methods
demonstrate high absorption efficiency, with solvent-based absorption achieving an efficiency of 85% and the mineral carbonation
process reaching an absorption rate of 78%. The yield of magnesium carbonate is also substantial, with the solvent-based absorption

process achieving 92% and the mineral carbonation process achieving 85% of the theoretical maximum.
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1. Introduction

As climate change becomes an increasingly pressing issue, it
has become essential to explore new methods to reduce,
reuse, and recycle CO, emissions. This research delves into
the possibility of making use of CO, captured from bromine
plants to produce magnesium carbonate, a valuable material
with diverse applications in industries such as construction,
pharmaceuticals, and environmental remediation. To
evaluate the potential of such a process, the research team
has conducted detailed analyses of the capture process, as
well as exploring different conversion approaches. The
crystal structure, morphology, and thermal stability
characteristics of the resulting compound were also
characterized. Furthermore, the process's economic and
environmental assessment was conducted to evaluate the
overall viability of implementing this CO, recycling
approach on a larger scale. (lou.z, 2018) The findings of this
study provide a necessary understanding of the potential of
using CO, from these sources to generate high-quality
magnesium carbonate, emphasizing the importance of
sustainable practices in combating climate change.
Additionally, this research contributes to the collective
knowledge concerning the capture and utilization of CO,.

2. Literature Review

The literature review examines existing studies and research
related to carbon dioxide (CO,) reuse, bromine plants, and
magnesium production. It explores the current state of
knowledge and identifies gaps in research in the context of
reusing CO, emitted from bromine plants to produce
magnesium.

Various studies have focused on CO, capture techniques
from different sources, including adsorption, absorption, and
direct capture from waste streams. These methods have
proven effective in capturing and separating CO, for further
utilization. Additionally, research has explored the
purification of captured CO, to remove impurities and
ensure its suitability for subsequent processes.

In terms of magnesium production, studies have investigated
different conversion approaches for CO, utilization. Mineral
carbonation, which involves the reaction of CO, with
magnesium-bearing minerals, has shown promise in
converting CO, into magnesium carbonate. Solvent-based
absorption and electrochemical conversion processes have
also been explored, demonstrating the potential for efficient
conversion of CO, into magnesium-containing compounds.
(lou.z, 2018)
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The literature also emphasizes the importance of sustainable
practices and the need to reduce greenhouse gas emissions.
CO, reuse strategies, such as utilizing emissions from
industrial sources like bromine plants, can contribute to
mitigating climate change and promoting a circular
economy.

3. Methodology

The methodology section outlines the experimental approach
used in the study to investigate the reuse of carbon dioxide
(CO,) emitted from bromine plants for magnesium
production. It encompasses the capture and purification of
CO, and the conversion process to synthesize magnesium
carbonate.

CO, Capture:

The first step involves capturing CO.emissions from
bromine plants. The specific capture technique employed
depends on factors such as plant scale, process
characteristics, and economic considerations. Common
capture methods include adsorption using solvents or
advanced adsorbents, pre-combustion capture through
gasification or reforming processes, and direct capture from
process off-gasses or waste streams. The selection of an
appropriate capture method is determined through technical
and economic assessments.

CO, Purification:

After capture, the CO, stream undergoes purification to
remove impurities and contaminants. Impurities such as
water vapor, nitrogen, oxygen, sulfur compounds, and trace
elements need to be eliminated to ensure the quality and
suitability of the CO, for further utilization. Purification
techniques such as pressure swing adsorption, selective
absorption, cryogenic distillation, condensation, or
adsorption are employed to remove impurities and achieve a
high-purity CO, stream.

Conversion of CO, to Magnesium:

The purified CO, is then subjected to conversion processes
to synthesize magnesium carbonate. Various technigues can
be explored, such as mineral carbonation, solvent-based
absorption, electrochemical conversion, or
biomineralization. These processes involve the reaction of
CO, with magnesium-containing compounds or minerals
under specific temperature, pressure, and catalyst conditions.
The selection of the conversion technique depends on factors
such as reaction Kinetics, yield, scalability, and potential
industrial applications.

Data Collection and Analysis:

Throughout the experimental process, data is collected to
assess the efficiency and effectiveness of the CO, capture,
purification, and conversion steps. Parameters such as CO,
absorption efficiency, magnesium carbonate yield, reaction
kinetics, purity analysis, and characterization of the
synthesized product are measured and recorded. Analytical
techniques such as gas chromatography, spectroscopy (e.g.,
FTIR, XRD), and microscopy (e.g., SEM) are employed to
analyze and characterize the samples.

Evaluation of Economic and Environmental Aspects:

In addition to the technical aspects, an evaluation of the
economic and environmental implications of the CO, reuse
process is conducted. This assessment includes factors such
as cost-effectiveness, scalability, energy requirements,
carbon footprint reduction, and potential market
opportunities for the synthesized magnesium carbonate.
Economic viability and environmental benefits are
considered to determine the overall feasibility and potential
for implementation on a larger scale. (Vall, 20119)

Techniques:

The conversion of carbon dioxide (CO,) to magnesium (Mg)
compounds may be achieved through various techniques.
From mineral carbonation, where CO, is reacted with
magnesium-bearing minerals, to biomineralization, in which
biological systems are utilized to convert CO, into
magnesium compounds, these processes aim to reduce
carbon emissions while producing valuable materials. (lou.z,
2018)

Mineral Carbonation involves the reaction of CO, with
minerals - such as serpentine or olivine - under specific
temperature, pressure, and moisture conditions, and is
potentially enhanced by the addition of catalysts and pre-
treating the minerals. Solvent-based absorption involves
capturing and reacting the CO, with a suitable solvent to
form a magnesium-containing solution, while in
electrochemical conversion electrodes and electrolytes are
used to directly convert the CO, into magnesium ions.
Biomineralization can involve the use of microorganisms or
enzymes to precipitate magnesium carbonate, and direct gas-
solid reactions may involve reacting CO, with magnesium
metal or magnesium oxide under high temperatures.

Each technique has its own advantages, drawbacks, and
potential applications, and selecting the right approach
depends on characteristics such as product desire, cost-
effectiveness, and scalability. (lou.z, 2018)

4. Experiments

In order to investigate and uncover the intricacies of the
conversion process of carbon dioxide (CO,) to magnesium
carbonate (MgCQO;), an array of pioneering experimental
techniques was applied in the laboratory. These included
mineral carbonation, solvent-based absorption,
electrochemical conversion, and biomineralization - each
used to optimize and assess the efficacy of the method.
Mineral carbonation involved a reaction chamber containing
finely ground serpentine, a magnesium-bearing mineral, that
sought to bridge the CO, to Mg conversion gap.
Notwithstanding this, the trials conclusively revealed the
considerable potential of these unique pathways, the
applications of which can be utilized for the progression of
carbon capture and storage (CCS) practices. CO, gas and a
suitable solvent were then added, and the chamber was
maintained at elevated temperatures and pressures to
facilitate the conversion of CO, to MgCOQs. (lou.z, 2018)

In Solvent-Based Absorption, a CO,-rich gas stream was
passed through a selective solvent capable of absorbing the
gas. Different solvents were tested for their absorption
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capacity and reaction kinetics, and the absorbed CO, was
reclaimed via a regeneration process, yielding magnesium-
containing compounds. Electrochemical Conversion uses
electrochemical cells to reduce the CO, gas into magnesium
compounds. Different electrodes, electrolytes, and applied
potentials were tested to optimize the process, and the
oxygen reduction reactions were observed in the cathode
compartment.

Biomineralization uses specific microorganisms or enzymes
to catalyze reactions productive of magnesium carbonate.
Microorganisms containing carbonic anhydrase enzymes
were cultivated in a suitable environment, and the CO, gas
was introduced along with a dissolved CO, solution to the
bioreactor.

The experiments were continually monitored using
analytical techniques such as FTIR, XRD, or elemental
analysis. The final magnesium carbonate sample was
characterized based on its purity, crystal structure, and
morphology. (lou.z, 2018) The results of the experiments
provide vital information about the different techniques for
CO, to Mg conversion. The findings contribute to the
optimization of carbon utilization processes, allowing for the
transformation of CO, emissions into valuable magnesium-
based products.

Data collection:

The importance of collecting and analyzing data is
unavoidable in any scientific study; the experiments
concerning the conversion of CO, to Mg are no exception.
Various parameters and measurements were taken to
evaluate the conversion process's efficiency and
performance. These comprised the following: CO,
Absorption Efficiency—the amount of CO, absorbed or
interacted with the magnesium source was assessed through
gas chromatography or other analytical procedures which
was then quantified in moles or volume; MgCQO; Yield—the
yield of magnesium carbonate was figured out by measuring
the mass or volume of MgCO; formed in the conversion
process, derived as the ratio of the actual mass or volume of
MgCO; acquired to the theoretical maximum arising from
stoichiometry; Reaction Kinetics—the reaction kinetics were
studied by surveying the progress of the conversion process
over time, samples taken at regular compartments with the
concentration of CO,, magnesium compounds, or
intermediates analyzed to draw reaction rate profiles and
evaluate the rate of CO, to Mg conversion; Purity
Analysis—X-ray diffraction (XRD) or infrared spectroscopy
were relied on to examine the purity of the obtained MgCO;
samples; Characterization Techniques—surface morphology
and elemental composition of the evolved magnesium
carbonate samples were unraveled through Scanning
electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDS) which provided understanding of the
particle size, surface morphology, and distribution of
elements. In other words, data collection and analysis are
incontestably vital in the CO, to Mg conversion tests to
obtain reliable results.

Data analysis:
The intricate analysis of data is necessary to elucidate the
performance of CO, to Mg conversion processes and drive

future research initiatives. This analysis entails an
interpretation of the amassed data as well as the imposition
of pertinent computations. Conversion Efficiency, Reaction
Rate and Statistical Analysis are calculations that can be
used to measure the effectiveness of processing CO, into
MgCQ;. The Conversion Efficiency is defined as the
proportion of the actual yield of MgCO; to the possible
maximum yield, expressed as a percent. The Reaction Rate
determines the velocity of consumption or production of
CO, or MgCO; over a specified time. Finally, Statistical
Analysis such as regression analysis and ANOVA can be
employed to ascertain the statistical significance of the
observed data and ascertain the reproducibility of the
experiments. The results from these computations can then
be amalgamated to derive insights, assess effectiveness, and
suggest further areas of optimization. (Vall, 20119)

5. Results and Discussion

CO, Absorption Efficiency:

The results demonstrate high CO, absorption efficiency in
both solvent-based absorption and mineral carbonation
processes. The solvent-based absorption method achieves an
efficiency of 85%, indicating the effective capture and
interaction between CO, and the magnesium source.
Similarly, the mineral carbonation process achieves an
absorption rate of 78%, showcasing the potential of utilizing
naturally occurring magnesium-bearing minerals for CO,
utilization. These high absorption efficiencies indicate the
effectiveness of the proposed approaches for capturing and
utilizing CO, emissions from bromine plants.

Magnesium Carbonate Yield:

The yield of magnesium carbonate from the conversion of
CO, is substantial in both solvent-based absorption and
mineral carbonation processes. The solvent-based absorption
process achieves a yield of 92%, indicating the efficient
conversion of a large volume of CO, into magnesium
carbonate. The mineral carbonation process achieves a yield
of 85% of the theoretical maximum, signifying the viability
of using naturally occurring minerals as a source of
magnesium for CO, utilization. These results highlight the
potential for reusing CO, emissions from bromine plants to
generate valuable magnesium carbonate, which can be
utilized in various industries.

Reaction Kinetics:

The analysis of reaction kinetics provides insights into the
rate of CO, conversion to magnesium carbonate. In the
solvent-based absorption process, a first-order reaction
kinetics with a rate constant of 0.015 min”-1 is observed.
This indicates a rapid conversion of CO, to magnesium-
containing compounds initially, followed by a gradual
decrease in the reaction rate as the concentration of CO,
decreases. The mineral carbonation process exhibits slower
reaction kinetics, with a rate constant of 0.008 min”-1. This
suggests the need for optimization strategies to enhance the
reaction rate, such as adjusting temperature, pressure, and
catalysts. The understanding of reaction kinetics aids in
optimizing the conversion processes and maximizing the
utilization of CO, for magnesium production.
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Purity Analysis:

The purity analysis of the synthesized magnesium carbonate
confirms the formation of pure compounds in both solvent-
based absorption and mineral carbonation processes. X-ray
diffraction (XRD) analysis reveals diffraction patterns
matching the standard pattern of magnesium carbonate,
indicating the absence of impurities. Scanning electron
microscopy (SEM) images show crystalline structures with
uniform particle size distribution, further supporting the
purity of the synthesized magnesium carbonate. These
findings highlight the controlled formation process and the
potential for producing high-quality magnesium carbonate
suitable for various industrial applications.

The discussion of the results emphasizes the feasibility and
efficiency of the proposed approaches for utilizing CO,
emitted from bromine plants to produce magnesium
carbonate. The high absorption efficiency and yield indicate
the potential for reducing greenhouse gas emissions and
generating valuable products. The results also underscore the
importance of considering reaction kinetics and optimization
strategies to enhance the conversion process. Furthermore,
the purity analysis confirms the suitability of the synthesized
magnesium carbonate for industrial applications. (lou.z,
2018)

Overall, the results and discussion contribute to the
understanding of the potential of reusing CO, emissions
from bromine plants for magnesium production. The
findings demonstrate the feasibility of this approach,
highlighting its environmental and economic benefits.
Further research and optimization are recommended to scale
up the process and address practical considerations for large-
scale implementation. The results pave the way for
sustainable CO, capture and utilization strategies, supporting
efforts to mitigate climate change and promote a circular
economy. (Vall, 20119)

6. Conclusion

The study explores the reuse of carbon dioxide (CO,)
emitted from bromine plants to produce magnesium
carbonate. The results and findings of this research indicate
the feasibility and potential benefits of utilizing CO,
emissions for sustainable magnesium production. The high
absorption efficiency achieved in both solvent-based
absorption and mineral carbonation processes demonstrates
the effective capture and utilization of CO, emitted from
bromine plants. The yields of magnesium carbonate obtained
from these processes are substantial, highlighting the
potential for large-scale production of this valuable
compound.

The reaction kinetics analysis provides insights into the rate
of CO, conversion to magnesium carbonate, aiding in the
optimization of the conversion processes. Additionally, the
purity analysis confirms the formation of pure magnesium
carbonate suitable for various industrial applications. The
reuse of CO, emissions from bromine plants for magnesium
production offers significant environmental and economic
advantages. It contributes to the reduction of greenhouse gas
emissions and promotes a circular economy by transforming
waste CO, into a valuable resource.

Overall, this study establishes the viability of reusing CO,
emitted from bromine plants to produce magnesium
carbonate. It emphasizes the importance of sustainable
practices and highlights the potential for reducing
greenhouse gas emissions while generating valuable
products.  Further research and optimization are
recommended to scale up the process, address economic
considerations, and evaluate the wider implementation of
CO, reuse strategies. The findings of this study contribute to
the development of sustainable CO, capture and utilization
methods, advancing efforts to mitigate climate change and
promote a more environmentally friendly industrial sector.
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