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Abstract

This paper presents a study on CO, atmospheric transformation which was
reacted directly with lithium hydroxide solution and metallic lithium. This so-
lution was obtained through the reaction between metallic lithium and deio-
nized water where hydrogen is produced and by exposing the metal at am-
bient conditions. In the transformation process, atmospheric CO, gas reacts
directly with LiOH solution, in both cases, the CO, transformation kinetics
was different. For this purpose, reactions between CO, and LiOH solution
were carried out under controlled temperature and the second process only
with metallic lithium, which was exposed at room temperature, however, in
these two processes lithium carbonate oxide was formed and identified. Ac-
cording to the results, the efficiency in CO, transformation is a function of
temperature value which was variable until completely obtaining the by-product,
its XRD characterization indicated the formation only of Li,CO, in both pro-
cedures. Under laboratory conditions lithium compounds selectively reacted
with CO,. In the same way, there is an alternative procedure to obtain LiOH
and Li,CO, for different applications in various areas.

Keywords
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1. Introduction

Currently, air pollution is considered one of the most important problems for

humanity because in recent decades atmosphere deterioration has been increas-
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ing. Hence the interest in improving air quality both inside housing, offices, su-
permarkets and in general all closed spaces used by people, as well as externally.
Unfortunately, the emissions of pollutants released into atmosphere will contin-
ue as long as fossil fuels continue to be burned, particularly in transportation
and industry sectors, among others. In particular, the concentration of carbon
dioxide (CO,) has drawn a lot of attention because it has significant impacts on
environmental problems and, as consequence, on human health [1]. CO, is the
main indicator that allows knowing air quality inside closed spaces, also consi-
dered as one of main greenhouse gases [2]. Unfortunately, CO, concentration in
atmosphere has been increasing despite the agreements obtained in various po-
litical and economic forums worldwide to reduce these gas emissions and natu-
ral disasters that can occur with temperatures above 1.5°C caused by the green-
house effect [3] [4]. In order to maintain an adequate quality of air inside closed
spaces, CO, capture found in the atmospheric air commonly called “air capture”
is an effective method to control the concentration of ambient CO, [5] [6] [7].
Its capture and concentration is a very promising strategy to mitigate CO, emis-
sions, while at the same time having a benefit related to the production of val-
ue-added products, for example, obtaining fuel or its use in various industries
[8]. On the other hand, in relation to the availability of lithium hydroxide, vari-
ous methods for its synthesis have been studied, including thermochemical, ion
exchange, Bipolar membrane electrodialysis (BMED), electrolysis, among others
[9] [10]. The precipitation method to synthesize high purity LiOH has also been
reported [11]. Subsequently, lithium hydroxide monohydrate (LiOH-H,O), an
important lithium salt, is the most widely used CO, adsorbent in the last 40 years
due to its high storage capacity whose reported value has been ~30% by weight
[12] [13]. The main reaction mechanism between LiOH and CO, is described in
Equation (1):

2LiOH +2H,0 + CO, — Li,CO, +3H,0 (1)

Other important applications of this hydroxide have also been reported, for
example it is considered a crucial precursor for the production of cathode ma-
terial for lithium-ion batteries [14] [15]. Multiple technological applications of
lithium compounds have been investigated, where some of them, such as lithium
ion, play an important role in energy storage systems [16]. Thus, development of
new, high-capacity CO, capture materials (dry adsorption) is necessary for im-
provement of CO, capture and storage technology. It is one of a few technology
solutions that can reduce energy-related CO, emissions and this process should
operate under room temperature and ambient conditions [17] [18]. By other
hand, hydrogen is considered a vector of clean and renewable energy, being a
very important and promising alternative to replace fossil fuels. Hydrogen can
store and provide energy that can be used in various sectors, mainly in industry,
but normally it does not exist in nature and must be produced from compounds
that contain it, including oil derivatives or in water as a renewable resource. Hy-

drogen is a very abundant element in many hydrogenated compounds, including
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water, and the most available renewable energy vector for future energy systems,
mainly fuel cells [19] [20]. In hydrogen production from any type of fossil fuels,
mainly reforming process of natural gas or methane, the products of hydrocar-
bon gasification with water mainly include not only hydrogen, but also carbon
monoxide and CO,. CO, adsorption has been carried out using different tech-
nologies focused on materials whose mechanisms are mainly focused as good
absorbents or/and adsorbents, such is the case of amines, zeolites, carbons, alu-
minas, organometallic compounds, basic oxides, hydrotalcites, etc.; each of these
materials has its own advantages and disadvantages in trapping this gas [21] [22]
[23] [24] [25]. Therefore, the development of technologies to mitigate CO, con-
centrations has been of great interest from the practical point of view. The objec-
tive of this work was to use lithium compounds in two different forms, to carry
out the reaction under certain temperature conditions with atmospheric CO,,
one as lithium hydroxide solution and as metallic lithium where hydrogen was

generated, and in both cases Li,CO; was formed as a by-product.

2. Experimental

2.1. Lithium Hydroxide Preparation

To prepare lithium hydroxide solution, following procedure was carried out:
quantities of 100 mg of metallic lithium were weighed (Alfa Aesar, granular par-
ticle sizes of 1 - 3 mm and purity 99.4%), which were placed in 20 mL glass vial.
The container was sealed with a rubber stopper and an aluminum sealing ring.
This process was carried out in a glove box with controlled atmosphere to avoid
direct contact between metal and ambient gases. Subsequently, 3 mL of deio-
nized water were added with a syringe, which is at average temperature of 20°C.
The reaction is exothermic and kinetics was very fast, the time to completely
react was on average 2.5 min. During the reaction between lithium and water
hydrogen was generated. The system where the reaction is carried out has a
rubber plug with a device through which hydrogen generated is released without
exposing solution to environment. After reaction, a transparent solution was
obtained. Later, when temperatures of system and environment were equal, the
20 mL glass vial was opened and pH of solution was measured. Finally, this solu-
tion was used to transform atmospheric CO, by evaporation. In some experi-
ments, the solution evaporation was carried out depending on temperature and
under vacuum, that is, without presence of CO, to avoid Li,CO, formation dur-

ing this process and to obtain only lithium hydroxide in solid form.

2.2. CO; Transformation

The lithium hydroxide solution obtained in this process was used to carry out
CO, transformation from environment. The transparent lithium solution (3
mL) was placed in a petri dish, which was put in contact with environment la-
boratory conditions. Subsequently, the petri dish was placed on a tempera-

ture-controlled heating rack, it was carried to complete evaporation at a tem-
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perature of 25°C which was maintained for 2 hours. To know environmental
CO, concentration, laboratory was monitored with a Testo 535 probe that
presents high precision and efficiency, it has two LCD lines, it has a measure-
ment range of 0 to 9999 ppm, its resolution is 1 ppm, and operating tempera-
ture 0°C to 50°C. On the other hand, in another series of experiments, CO,
transformation process was carried out quickly, for which Li solution in petri
dish was heated on the electric grill, programming different temperature in-
tervals which were from 25°C to 50°C, each was evaporated to dryness. At
these temperatures CO, atmospheric reacted and a transparent solid was ob-
tained. Secondly, to determine behavior of lithium in environment, metallic Li
particles were placed in a glass container and exposed to atmospheric air of
laboratory for 60 days where average temperature was 20°C. Under these con-
ditions, after one week the particles began to form a white film on their sur-
face, as time passed, a white powder was formed until its complete transforma-

tion. Subsequently, all solids were characterized.

2.3. Materials Characterization

The lithium solids obtained at different temperatures and white powder pro-
duced from metallic lithium exposed to environment were characterized by X-ray
diffraction. The samples were placed in a holder of lucite and then on the goni-
ometer of the diffractometer. Some parameters used in determination by this
technique were, a Ka radiation source from Cu anode was selected with a dif-
fracted beam monochromator at 40 kV and 40 mA, 26 steps of 0.02°, and pro-
grammed times of 20 min to acquire the data X-ray patterns, with intensities
high enough for further identification. The interval considered to acquire the
spectrum was from 15° to 80° in 26. The diffractograms were collected by a
Bruker D8 Advance X-ray powder diffractometer and an energy-dispersive
one-dimensional detector in order to identify the phases formed. Identification
and quantification of crystalline phases were carried out by DIFFRAC.EVA and
TOPAS software. This software supports a reference pattern database derived
from Crystallography Open Database (COD) and the Powder Diffraction File
(PDF) for phase identifications.

Morphology and elemental composition. Another technique such as Scanning
Electron Microscopy (SEM) to characterize the different solids was also used to
study the morphology of the lithium-based materials through a scanning elec-
tron microscope, JEOL 5900 LV, at 20 kV. The samples were mounted on an
aluminum holder with aluminum conductive tape and later covered with a gold
layer approximately 200 A thick using a sputtering mark Denton Vacuum model
Desk II, this procedure was for to avoid an electrical overload on the powder
surfaces. In all cases, with a backscattered electron detector the images were ob-
tained. The electron microscope is equipped with a microanalysis energy disper-
sive X-ray (EDAX) probe to determine the morphology and semi-quantitative

elemental composition of the samples with an EDAX-4 spectrometer.
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2.4. Hydrogen Generation and Analysis

The reaction between metallic Li and humidity of environment to first form li-
thium hydroxide, which in turn reacts with atmospheric CO, and forms lithium
carbonate, was carried out as follows: particles of metallic lithium were placed in
a plastic tube, with small holes in the bottom for direct air contact with particles.
The tube was attached to a plastic jar and perforated with four openings around
it to allow interaction with the environment. An inverted glass vial was placed
on top of the plastic jar, which wraps the plastic tube to contain the hydrogen
generated by metallic lithium during the time exposed to environment. In this se-
ries of procedures, three systems were used to perform these reactions. The li-
thium material was left in the laboratory for 3 months, to determine the presence
of hydrogen, the vials were analyzed after 30, 60 and 90 days. After programmed
time, the vial was hermetically covered with a rubber stopper and an aluminum
ring to prevent the release of hydrogen before analysis. In order to characterize
the produced gas, gas chromatography (GC) and mass spectrometry (MS) mea-
surements were performed. The gas generated after the programmed time was
repeatedly injected and analyzed using a chromatograph (Gow-Mac 580 instru-
ment) equipped with a 5 A molecular sieve column at 35°C and an injector con-
trolled by Clarity V.7.0.01.402 software. Argon was used as carrier gas at 20
mL-min™". The effluent gases were monitored with a portable mass spectrometer
(BELMass, MicrotracBEL Corp.).

3. Results and Discussion

3.1. Physicochemical Characterization of LiOH and LiCO3
Morphology and Elemental Composition

The LiOH and Li,CO, considered in this work were analysed in powders. In
conjunction with electron microscopy, elemental composition was determined.
Figure 1 represents two images of lithium hydroxide crystals. Image A shows a
photo which was taken with a cell phone, on the surface of the Petri dish during
the evaporation of the LiOH solution at a temperature of 25°C. On image, a se-
ries of channels appear which are distributed in all directions. At beginning of
crystallization, small crystals such as those that appear in lower right part of im-
age were observed and then fused to form the crystalline structure. The time
considered during evaporation to form lithium hydroxide crystals was approx-
imately 2 h, under these temperature conditions and the time considered, a small
amount of lithium carbonate could be formed, as observed in the analysis car-
ried out by X ray diffraction. Figure 1(B) corresponds to LiOH crystals once
removed from Petri dish, they do not present a specific morphology, the particle
size depends on the way in which they were separated from Petri dish, particle
surfaces appears to be a homogeneous sample. The image was carried out at 100
magnification. In this Figure, it can be observed that surface is mostly smooth
and compact, apparently with free spaces. Another analysis performed on this

sample was by EDAX to determine elemental composition. According to results,
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Figure 1. Lithium hydroxide during evaporation, photo (A) and its particles micrograph

(B).

in LiOH sample the quantified elements were O, C and Au, which are reported
in atomic percentages. The presence of O corresponds to the one that forms the
hydroxide, the C may be due to lithium carbonate formed with low percentage
under these temperature conditions, and Au is due to the coating that was done
on sample to avoid an electrical overload at time of analysis.

Figure 2 corresponds to a lithium carbonate micrograph. In the image, clus-
ters of various sizes are observed, their crystals do not present a defined mor-
phology and according to the scale the size of the particles are smaller than 10
microns. This material was evaporated at 50°C.

The image was obtained at 1000 magnification. On the right side of the mi-
crograph is represented the X-ray spectrum of Li,CO,. The spectrum was ob-
tained by EDAX to know the elemental composition, the C, O peaks at low
energies as components of lithium carbonate were recorded. The third peak that
appears at an energy of 2.17 keV corresponds to Au, which was used as a protec-
tive layer on the sample to avoid an electrical overload when carrying out the
analysis. Although the analysis is semi-quantitative, the results give a good ap-
proximation of its percentage composition.

According to the results expressed in atomic percentages, the atomic ratio
between carbon and oxygen in the lithium carbonate molecule agrees with the
theoretical value. Therefore, in the Li,CO,; molecule, the C/O atomic ratio is 3,
and the one obtained in this work according to the experimental values of 76.44
* 1.35 for carbon and 23.56 + 1.34 for oxygen was 3.24 in average, that is, the
material is homogeneous and only one phase was formed.

3.2. Lithium Hydroxide XRD Characterization Units

The LiOH and Li,CO, considered in this work were analyzed in powders. In
conjunction with electron microscopy, elemental composition was determined.

Figure 3 shows the diffraction spectrum of the solid LiOH sample.
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Figure 2. Micrograph and X-ray spectrum of lithium carbonate.
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Figure 3. X-ray Powder Diffraction (XRD) of the solid LiOH hydrate sample.

The image shows 6 peaks of higher intensity, 5 of which are in an interval of
30 to 40 in 26 degrees, as well as many of small intensities but all correspond to
the same analyzed species. Through card PDF 25-0486, its identification was
carried out, which indicates hydrated lithium hydroxide as only phase. Likewise,
by means of this card, its crystalline form is reported, which indicates that it is a
monoclinic system and whose space group is determined by the number 183, al-
so its reported crystal lattice parameters are: a = 6.95000 A, b = 8.28000 A, ¢ =
3.20000 A, B =95.230°, "= 120°. The 6 peaks whose values in 26 angles are:
30.064, 31.937, 33.730, 34.971, 36.963, and 52.488, to which diffraction are attri-
buted to planes (011), (101), (220), (130), (-121), (231), respectively. The spec-
trum corresponds to the product obtained after evaporation of the lithium solu-
tion, In this series of experiments, when the lithium hydroxide solution evapo-
rates without CO,, result LiOH crystals formation, the evaporation was per-
formed at certain temperature and under vacuum to avoid the formation of
Li,CO;. Therefore, only in the spectrum the LiOH crystals were identified. The
LiOH solution was prepared by reacting metallic Li and deionized water. It is
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well known that the metallic elements that are indicated in the first group of the
periodic table react easily with water to generate hydrogen and as a by-product
form the corresponding hydroxide. In the case of the reaction of lithium with
deionized water, its behavior as a hydroxide is more similar to physicochemical
properties of hydroxides of the second group. The reaction carried out between

metallic lithium and deionized water is represented in Equation (2):

2Li+2H,0 — H, + 2LiOH )

where for every 2 moles of Li, one mole of hydrogen is generated and 2 of li-
thium hydroxide.

The transformation from the liquid phase by evaporation at low temperature
to the solid phase is carried out where the same compound is maintained, that is,
lithium hydroxide crystals. In this type of reaction, hydrogen was generated
which was released through a syringe needle connected to a rubber hose. With
this gas release procedure, exposing the solution to the environment with the
probability of reacting with CO, was avoided, since the reaction between Li and
water is exothermic. Thus, lithium hydroxide solution was obtained. The pH of
the solution was 14, according to this value it is a strongly basic solution which
easily reacts with CO, as described later. The water used in the reaction does not
contain other types of ions, especially carbonates that could react with the LiOH
solution. All peaks observed in the spectrum correspond to the crystalline phase
of LiOH. It is important to note that neither phase appeared in the spectrum in-
dicating that the reaction between metallic lithium and water formed only one

by-product after hydrogen production.

3.3. CO; Transformation

To know the CO, concentration inside the laboratory, 5 measurements were car-
ried out per day during the months that metallic Li was exposed to environment
as well as during evaporation of Li hydroxide solution, to keep a statistic during
experimental part and take into account the concentration of this gas that
reacted with lithium compounds. Both in solid and liquid form. The average
CO, values that prevailed during the experimentation were 552.32 + 12.46 ppm.
Figure 4 shows the X-ray spectra according to evolution in CO, transformation
with LiOH solution at different temperature values.

Spectrum A corresponds to lithium hydroxide that crystallized at temperature
of 25°C in laboratory conditions. 6 most important intensities of this phase ap-
pear in interval from 30 to 55 degrees in 2 theta, the rest of peaks cannot be ap-
preciated well due to scale when plotting all the spectra in this way. However,
Figure 5 shows individual spectrum with each lines which correspond to Li,CO,
spectrum solid phase. In order to know if at higher temperatures the reaction
between LiOH solution and atmospheric CO, increases carbonate formation,
solution evaporation was thermally controlled for which crystallization was pro-
grammed at a higher temperature. Spectrum B is the result of analysis whose Li

solution evaporation was carried out at 27°C. In diffractogram two phases appear,
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Figure 4. X-ray diffractogram of lithium carbonate and lithium hydroxide in atmospheric
CO, transformation as function of temperature.
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Figure 5. X-ray diffractogram of Li,CO, formed from lithium hydroxide solution exposed
to atmospheric CO, evaporated at 50°C.

on one hand LiOH and on the other small intensities are observed which cor-
respond to Li,CO, phase identified with their corresponding PDF cards. Under
these temperature conditions, the CO, reaction with LiOH was favored despite
minimal difference in temperature (2°C), the additional energy was enough to
carry out CO, transformation more efficiently. As indicated by first peak that
appears in spectrum with a value of 21.239 in 2 theta degrees, which corresponds
to Li,CO;. Spectrum C corresponds to one obtained at 30°C. In this spectrum,
mixture of two lithium phases (LiOH and Li,CO;) appears more clearly. Under
these conditions, CO, transformation with LiOH solution was carried out more

efficiently. As seen on spectrum, highest intensity of LiOH peaks have signifi-
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cantly decreased, while those of Li,CO, have increased. Spectrum D corresponds
to that obtained when Li solution was evaporated at 40°C, at this temperature
LiOH solution has practically reacted with atmospheric CO,, however signals are
observed that correspond to two LiIOH greater intensity peaks whose values ap-
pear at 2 theta angles of 30.064" and 33.730°, indicating that lithium hydroxide
solution has not fully reacted. At this temperature, practically all Li,CO, peaks
are observed. Finally, spectrum E corresponds to lithium carbonate sample. On
this occasion lithium hydroxide solution reacted completely, where evaporation
was carried out at 50°C. At this temperature, CO, transformation with lithium
hydroxide solution was complete as indicated by this spectrum, where all peaks
correspond to lithium carbonate verified with PDF card 09-0359. From this tem-
perature, it was possible to obtain lithium carbonate under environmental con-
ditions that prevail in laboratory from lithium hydroxide solution.

According to these results, a relative approximation of reaction was made to
know the percentage of lithium carbonate formation as function of temperature,
for which the area under the peak was considered whose value is 23.329 degrees
in 2 theta. To determine the area, ten values of each side of this intensity were
taken. This peak is located in a region where no other has an influence, that is,
the peak is isolated and corresponds to lithium carbonate. Another parameter
considered was the counting time, which was the same for each sample. There-
fore, as the carbonate forms with increasing temperature, there is no interference
with hydroxide peaks. Lithium solution reacts very little with CO, at a tempera-
ture of 25°C, therefore percentage formation was 5%. By increasing evaporation
temperature to 27°C, the reaction was favored with additional energy despite
small temperature difference between these two values, increase in carbonate
formation was 11.32% on this occasion. Subsequently, when evaporating solu-
tion at 30°C, transformation percentage reached 13.5%, as can be seen in spec-
trum C (Figure 6) where two phases (LiOH and Li,CO,) appear mixed. At 40°C
the Li,CO; presence is clearly noticeable, however a small LiOH fraction is still
present as noted in peaks whose values are at 30.064° and 33.730° in 2 theta,
carbonate formation percentage was 32.61. And finally at 50°C the reaction was
carried out completely as observed in spectrum Figure 6(e) where only one
phase was identified which corresponds to Li,CO,. Under these temperature
conditions, reaction percentage was 33.4%. With these values, a good approxi-
mation in lithium carbonate formation was obtained as a function of tempera-
ture and according to CO, concentration that prevails in laboratory environ-
ment. In kinetics of carbonate formation, a high temperature is not required,
according to experimentation carried out in this work, reaction is slow when
evaporating it at 25°C and when applying more thermal energy, lithium hy-
droxide solution and atmospheric CO, react faster. Figure 6 represents individ-
ual Li,CO, diffraction spectrum. The analyzed sample corresponds to LiOH so-
lution evaporation in presence of atmospheric CO, at 50°C. It can be seen that
spectrum corresponds to a single phase, each of intensities are part of lithium
carbonate according to PDF card 09-0359.
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Figure 6. Diffraction spectrum of lithium carbonate obtained from atmospheric CO, with
metallic lithium.

In this way, the reaction is carried out at a moderate temperature to prepare
lithium carbonate. The reaction carried out between CO, and LiOH solution Li

carbonate formation is described in Equation (3):

2LiOH,,, + CO, —2Li,CO, + H,0 3)

(sol)

where A corresponds to different programmed temperatures to evaporate Li so-
lution whose values were from 25°C to 50°C.

In the same way, reactions with metallic lithium particles that were exposed to
the environment laboratory are presented to know what type of reactions are
carried out for long periods in CO, transformation. Lithium carbonate was also
formed in this other process.

Figure 6 shows the diffraction spectrum of lithium carbonate, which was ob-
tained from metallic Li exposed to laboratory environmental conditions. The
identification of this sample was made with PDF card 09-0359, indicating that it
is also Lithium carbonate phase where characteristic peaks of this compound are
shown in the spectrum. According this card it has a monoclinic crystalline
structure with space group number 237, whose crystal lattice parameters are: a =
8.39000 A, b = 5.00000 A, ¢ = 6.21000 A, = 114.500°. The main peaks are at
beginning of spectrum whose values at 2 theta angles are: 21.239, 23.329, 29.356,
30.485, 31.589, 33.929, 35.892, 36.806 with its diffraction planes (110), (200),
(111), (=202), (002), (-112), (020), (—=311) respectively. No other phase was
identified, which indicates that only one product was obtained, therefore, under
these conditions, metallic lithium reacted during the time it was exposed with
atmospheric CO,. This spectrum was similar to that obtained from evaporation
of LiOH solution at 50°C, no other phase was identified indicating only the

presence of a product. Therefore in these conditions metallic lithium reacted
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during exposed time with atmospheric CO,. The difference lies in how atmos-
pheric CO, is transformed, but both compounds form the same carbonate. The
peaks of this spectrum were recorded with higher resolution, indicating a crys-
talline material. The kinetics was very slow, because ambient temperature was
also low (20°C) on average, which remained constant during exposure of metal

in ambient conditions (3 months).

3.4. Hydrogen Generation

Figure 7 shows the peaks obtained by gas chromatography, which correspond to
the hydrogen generated after two months where each peak represents an analysis
carried out from the same vial. The retention time for hydrogen was 1.5 min. In
order to corroborate the presence of hydrogen, a standard was injected prior to
the analysis of the samples. In each analysis, only the presence of this gas was
observed, that is, no gaseous impurity was detected. The three considered vials
presented the same chromatograms, the difference between them was the height
of the peaks for each determination, the ones with the least intensity corres-
ponded to the analyzes carried out after 30 days and the most intense ones at 90
days, indicating the generation of hydrogen in function of time from metallic Li
exposed to the environment.

The reactions carried out between metallic particles lithium, humidity and
CO, to form Li carbonate are described in Equations (4) and (5):

2Li+2H,0 —» 2LiOH+H, 4)

2LiOH + CO, — Li,CO, +H,0 (5)

The equations indicate the reactions that take place during lithium carbonate
formation. The humidity inside laboratory registered an average value of 65%

during the time that metallic lithium was exposed to environment, therefore

humidity reacted first with surface of particles, forming lithium hydroxide and
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Figure 7. Chromatograms of hydrogen generated with metallic lithium exposed to the
environment.
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H, was generated as a byproduct according to Equation (4). On the other hand,
two lithium hydroxide molecules react with one CO, molecule to form a hy-
drated lithium carbonate molecule, Equation (5). According to environmental
conditions the temperature recorded on average 20°C, and time also prolonged
therefore with these conditions the reaction kinetics was slow. According to these
reactions, the mechanism to transform CO, from the environment using lithium
metal was considered. With the hydrogen inside the glass vial, the transformation
of CO, was verified during the programmed time.

It is interesting to know how atmospheric CO, reacts with lithium com-
pounds. On the one hand, the strongly basic lithium hydroxide solution trans-
forms CO, depending on the temperature and on the other hand, it was shown
that metallic lithium forms LiOH with humidity and subsequently also reacts
with atmospheric CO, at room temperature. In this sense, the kinetics in both
procedures was a function of temperature, which was very efficient because in
first instance hydrogen was produced through reaction of metallic lithium with
deionized water when preparing hydroxide solution. This procedure can be an
alternative to obtain lithium compounds easily and efficiently, which are consi-

dered for use in various areas.

4. Conclusion

Solutions of lithium hydroxide with metallic Li particles and deionized water
were prepared. The lithium solution reacted with CO, at various temperature
values under laboratory conditions. These conditions were determined to syn-
thesize lithium carbonate, where lithium solution completely reacted with at-
mospheric CO, by applying 50°C for evaporation. In the same way, lithium hy-
droxide solution was evaporated without presence of CO, to obtain solid LiOH.
Another way to obtain Li,CO; was through reaction carried out between metallic
lithium particles that were exposed to environment for a long time. Under these
conditions, Li reacted with humidity and atmospheric CO, to form Li,CO,. By
this method, clean hydrogen was generated, which is essential in the clean ener-
gy economy, providing a valuable resource to mitigate the climate change crisis
that currently exists globally, this hydrogen can be used directly in fuel cells. In
this same sense, lithium hydroxide and lithium carbonate are considered as pre-
cursors to manufacture lithium batteries, energy that is also classified as clean to
reduce greenhouse gas emissions produced by the use of fossil fuels in all trans-
portation, This procedure can be an alternative to obtaining lithium compounds

easily and efficiently, that can also be used in other applications.
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