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Here, the impact of electrolyte selection and electrolysis temperature on carbon morphology, energy con-
sumption, and voltage efficiency in molten LinCO3-BaCO3 and Li;CO3-CaCOs electrolytes during 90 min 10 A
constant current electrolysis are investigated. The scarcity of experimental investigations into these binary
electrolytes, coupled with a lack of systematic investigation of temperature effects, necessitates further exami-
nation. The comprehensive analysis of the produced carbon reveals that both electrolyte composition and
temperature influence carbon morphology. At lower temperatures the effect of electrolyte composition to the
morphology is a more significant. The type and amount of metallic impurities mixed with the carbon vary
depending on the electrolyte composition and electrolysis temperatures. The results from Li;CO3-CaCOj3 elec-
trolyte show more promising compared to results from Li;CO3-BaCO3 electrolyte in terms of product quality.
Regarding electrolysis power and voltage efficiency, LioCO3-CaCO3 proves equal or superior to other electrolytes,
depending on temperature. Heat generation occurs in all the experiments, which emphasizes the importance
maintaining a constant electrolysis temperature in industrial processes to manage heat generation effectively.

1. Introduction

Molten carbonate electrolysis has been proved to be a feasible
method to convert CO, to elementary carbon with various different
morphologies. Based on various experimental works published within
the last 15 years, including but not limited to [1-4-71, LioCOs is the most
prominent electrolyte for this application. Besides pure Li»COs, the
suitability of various carbonate mixtures has been studied. Wu et al. [8],
Le Van et al. [9] and Tang et al. [10] studied carbon production
LiCO3-NayCO3-KoCOs3. All of their results showed that by changing
temperature has an effect on the size and shape of the product. However,
no distinct dominant morphologies were observed. Similar results were
obtained by Ijije et al. [11] in Li;CO3-K2COs electrolyte. More prominent
results in terms of product quality have been obtained in Li,CO3-NasCO3
electrolyte, as nanotubes can be produced [8,12]. Low concentration of
NayCO3 was more suitable, as the nanotube yield decreased when the
proportional amount of NapCOj3 increased [8]. Nanotubes can also be
produced in LiyCO3-BaCOs electrolyte [8,13]. Compared to the
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nanotubes produced in pure Li;COs, nanotubes produced in Li;COs--
BaCOs3 were larger and more versatile in terms of the tube diameter. [8]
Besides LipCO3-BaCOs, Li et al. [13] produced nanotubes in Li;CO3--
CaCOs3 and LioCO3-SrCOs. Ren et al. [14] observed that when CaCOs is
added to Li;CO3, some carbon nanotubes are produced, while majority
of the product is amorphous. Compared to the tubes produced in pure
Li»COsg, the tubes produced in Li;CO3-CaCOg3 are notably thinner. Ren
et al. [14] also studied a mixture of LioCO3 and MgCOs. In this mixture
the produced carbon had a honeycomb-like structure, and only a few
tubes were observed.

Based on thermodynamic data and calculated deposition potentials
in [15], it can be determined whether carbon or metal is deposited
during the electrolysis. Accordingly the carbonates that could be utilized
in carbon production by molten salt electrolysis are LioCO3, MgCOs,
CaCOs, SrCO3, and BaCOs. With other alkali metal and earth alkali metal
carbonates metal deposition is more favourable, thus their utilization
would cause side reactions. Out of these feasible options LioCO3-BaCO3
and LisCO3-CaCO3 were selected, as their proposed reaction
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Fig. 1. Illustration of the electrolyzer setup.
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Table 1
Specifications of equipment, controllers and measurement devices used.

Oven
Oven power source
Electrolysis power source

Custom from Meyer vastus
EA-PSI 9500-30
Rohde & Schwarz NGP-804

Data acquisition and logging Keithley DAQ6150

multimeter
Mass flow controller Bronkhorst F-201DV-AGD-33-V MFC
Thermocouples Jumo K type, DIN 43710

Control software
MFC communication

LabVIEW 2020 by NI
Beckhoff EK9000 with EtherCat I/0
terminals

mechanisms (see Chapter 2.1) are different from each other and thus
their effect on the produced carbon or energy consumption could be
different. The scarcity of previous studies related to electrochemical
carbon production in Li;CO3-BaCO3 and LipCO3-CaCO3 mixtures leaves
room for further examination. Li et al. [13] have studied both of these
mixtures, and Li et al. [16] and Wu et al. [8]LioCO3-BaCO3 mixture, but
all with only one temperature, while in the study presented here various
electrolysis temperatures were investigated.

In general, there is a scarcity of studies specifically examining the
impact of electrolysis temperature, creating an opportunity for addi-
tional research. According to [8,17-19] increasing electrolysis temper-
ature in LizCO3-NapCO3-K2COs3 is affecting the produced carbon
morphology. To the author’s knowledge, no existing studies have
explored the effect of electrolysis temperature in binary carbonate
mixtures. Based on results obtained with ternary electrolytes it is
reasonable to hypothesize that similar effects may manifest in binary
electrolytes.

As previous studies concerning salt mixtures as an electrolyte have
merely been focusing on the morphology of the produced carbon, here
the electrolysis power, voltage efficiency, and energy consumption are
discussed as well. These results are then compared with those of elec-
trolysis conducted using pure Li;COs. These factors play a key role in
assessing the potential scalability of the process and are essential con-
siderations for determining its feasibility.

2. Materials and methods
2.1. Reaction mechanism

Throughout the years various reaction mechanisms of carbon pro-
duction from CO; by molten carbonate electrolysis have been presented.
A clear consensus regarding the accurate mechanisms and reactions has
yet to be established. According to [20], the splitting of Li;COs and
BaCOs are similar,

and
BaCO;—BaO + C + O,. 2)
Table 2

International Journal of Electrochemical Science 19 (2024) 100555

With CaCO3 the mechanism is different, mainly due to the limited
CaO solubility [20].

3 CaCO3—3 Ca0O + C+2CO; + 0,. 3

The mechanism of Eq. (1) and Eq. (2) has originally been presented
by [21], while the mechanism of Eq. (3) by [22] and [23].

These presented total reactions include two electrochemical re-
actions, anodic and cathodic. The proposed cathodic reactions of Eq. (1),
Eq. (2) and Eq. (3) are the same.

COI +4e »C+30™. C)]

Noteworthy is that a negative carbonate ion cannot migrate to the
cathode by itself, it must be in a form of chargeless carbonate molecule,
i.e. LioCOs, leading to the reaction of

Li,CO; + 4 e~ —-C + Li,0 + 20*". (5)
The anodic reaction of Eq. (1) are Eq. (2)
0% -1/20,, (6)

while the anodic reaction of Eq. (3) is proposed to be
CO?’—»COZ +1/20, + 2¢™. 7

In addition to the electrochemical reactions, as chemical reaction
where produced oxide is replenished back to carbonate

0> 4+ C0,~CO3". (€))

is occurring.

2.2. Energy consumption and voltage efficiency

Electrolysis power can be calculated based on Eq. (9) in the case of
direct current (DC)

P=UI, )
when cell voltage is measured. Further, energy consumption of the
electrolysis can be calculated

E = Pt, (10)
where t is electrolysis time in seconds.

Voltage efficiency, a, of the process can be determined by comparing
the measured cell voltage with thermoneutral voltage Uy, as

Uy
Ny = U’

an

Thermoneutral voltage of this process is 1.02 V [2]. With known
current efficiency overall efficiency of the process could be further
determined.

The heat generated by electrolysis process can calculated as
following based on the measured cell voltage and current and the
thermoneutral voltage, which is the cell voltage corresponding the state

Experiments conducted with eutectic Li,CO3-BaCO3 80:20 mol% and Li,CO3-CaCO3 80:20 mol% electrolytes.

Salt T i I t Vo, No. of repetitions
[°cl [A/cm?] [Al [min] [ml/min]
Li»CO3 750 0.2 10 90 40 1
Li,CO3-BaCO3 700 0.2 10 90 40 2
Li;CO3-BaCO3 725 0.2 10 90 40 2
Li»CO3-BaCO3 750 0.2 10 920 40 2
Li,CO3-BaCO3 775 0.2 10 90 40 2
Li;CO3-CaCO3 700 0.2 10 90 40 2
Li»CO3-CaCO3 725 0.2 10 90 40 2
Li;CO3-CaCO3 750 0.2 10 90 40 2
Li»CO3-CaCO3 775 0.2 10 90 40 2
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Fig. 2. XRD diffraction patterns of carbon samples produced at different temperatures in Li,CO3-BaCOj3 electrolyte. Number on the right side of the figure is equal to
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Table 3
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Phase composition analysis (w%) of the samples from Li,CO3-BaCO3 electrolyte based on reference intensity ratio (RIR) analysis.

Sample Graphitic C LiCrO, FeNis LigMo0,0, NiO BaCO3 Li,O BaMoO,4 Cl3CrO3 BaFeO3 Unidentified component
Li»CO3-BaCO3 700, repl 36.4 11.8 5.1 6.2 8.4 - 14.3 2.2 8.0 6.1 1.7
Li,CO3-BaCO3 700, rep2 35.4 13.6 6.7 16.3 7.8 2.4 8.0 5.4 2.9 1.6 0.8
Li»CO3-BaCO3 725, repl 60.7 14.0 2.4 13.4 2.5 - - 4.8 1.4 0.8 0.2
Li»CO3-BaCO;3 725, rep2 16.1 20.0 15.9 25.3 8.1 4.8 4.2 2.5 2.0 1.1 0.5
Li»CO3-BaCO3 750, repl 57.9 10.0 5.4 12.9 3.1 1.9 1.8 6.4 - 0.7 0.1
Li»CO3-BaCO3 750, rep2 51.6 3.4 7.8 16.4 10.5 2.2 1.3 3.9 2.2 0.7 1.4
Li»CO3-BaCO3 775, repl 58.1 12.1 7.1 14.6 1.2 - - 6.7 - 0.3 0.2
Li»CO3-BaCO3 775, rep2 52.0 3.4 7.2 18.0 5.5 2.7 9.4 1.1 0.5 0.8

where heat is neither produced or consumed by the overall reaction.

Phrea = (U_ Uln)I- 12)

2.3. Reactor unit

The active areas i.e the area in the salt of both anode and cathode
were made of Inconel Alloy HX (Alloy X), a Ni-Cr-Fe-Mo alloy, from
Harald Pihl (https://www.haraldpihl.com/). According to the manu-
facturer’s datasheet this material has a high corrosion resistance up to
1200 °C, hence this material was selected. Due to the high cost of Alloy X
the part of the electrode above salt was made of stainless steel 316. The
active surface area of the anode and cathode in the molten salt was
50 cm?. Salt mixtures utilized in the experimental work were Li;COs-
BaCO3 80:20 mol% and LioCO3-CaCO3 80:20 mol%. Experimental setup
is illustrated in Fig. 1, and measuring and control units of the setup are
listed in Table 1.

2.4. Procedure

Electrodes were placed inside the molten salt at desired temperature
(Table 2). Additionally to the experiments with LisCO3-BaCOgs
80:20 mol% and Li;CO3-CaCO3 80:20 mol% mixtures, one experiment
with pure LioCO3 was conducted for comparison and a reference. COy
feed was turned on, and the 10 A constant current electrolysis was run
for 90 min. Temperature range of the experiments was selected with the
consideration of the melting points. Based on temperature measure-
ments the oven temperature remained within 1 °C from the set point
throughout the electrolysis. Temperature measurements obtained with
data acquisition and logging multimeter Keithley DAQ6150 were uti-
lized to control heating power to maintain desired temperature. CO5
feed was calculated to be sufficient for the reaction in Eq. (8) to occur
and thus prevent oxide accumulation.

Produced carbon was washed with HCI to remove salt residues. After
washing the sample was rinsed with deionized water and dried in the
oven at 105 °C.

2.5. Analysis methods

For examining distinct carbon morphologies scanning electron mi-
croscopy (SEM) was utilized. Additionally, energy-dispersive X-ray
spectroscopy (EDS) was used to analyse possible metal residues mixed
with the carbon. The field-emission scanning electron microscope (Zeiss
UltraPlus) with an added energy-dispersive X-ray spectrometer (Oxford
Instruments XMaxN 80) was applied for SEM and EDS analyses. X-ray
diffraction (XRD) analysis was utilized to study the amorphousness of
the carbon product and the compositions of impurities in the samples.
The XRD analysis was performed with a Panalytical Empyrean multi-
purpose X-ray diffractometer (PANalytical B.V.) using mono-
chromatized CuK, radiation in the measurement range 10° < 260 < 80°.
Match! software by Crystal Impact was used to identify found peaks.
Reference intensity ratio (RIR) was used to determine the phase
composition (w%) of the samples.

3. Results and discussion
3.1. Product identification

3.1.1. Product from LizCO3-BaCO3 80:20 mol% electrolyte

XRD patterns of all the samples produced in Li,CO3-BaCO3
80:20 mol% electrolyte is shown in Fig. 2. Based on the XRD patterns it
is evident that a significant number of different impurity components
are present in the samples. Graphitic carbon has main peaks at around
26.2°, 43.8°, and 54.4°, while all the other found peaks originate from
various impurities. Found impurity components are LiCrO,, FeNis,
LigMo0507, NiO, BaCOs, Li;O, BaM0Q4, ClsCrOs, and BaFeOs. Lithium
and barium originate from the electrolyte, while chromium, iron, nickel
and molybdenum originate from the electrodes. BaCOs is a direct salt
residue not properly removed during washing. Chlorine from the HCl is
reacting with chromium oxide during the sample washing, explaining
the presence of chlorine in the samples.

The phase compositions of the samples, as indicated by the XRD
results and detailed in Table 3, offer valuable insights about the impurity
levels in the samples. Notably, the carbon content in the samples is, at
best, below 60 %. This discovered high amount of impurities poses a
significant challenge, as it negatively impacts the quality of the product,
as previously discussed in [5]. The effect of metals catalysing and
nucleation the growth of various carbon structures has previously been
discussed e.g. by [4,24,25]. Noteworthy is that the type and quantity of
impurities exhibit variations not only between experiments conducted at
different temperatures but also among repetitions. This variability lacks
a clear explanation, although similar trends regarding difference be-
tween repetitions have been observed in previous studies, as reported in
[2,5]. To be able to determine the possible reason more experimental
work is required.

The presence of Li;O in the samples suggests inadequate regenera-
tion with CO; to LioCO3. With pure Li;COg electrolyte this regeneration
process is fast, and no oxide accumulation should occur when CO; is
constantly fed to the system at sufficient pace. It can be speculated that
the addition of BaCOs is affecting the solubility of CO, and subsequently
to the regeneration process negatively. Based on these results it could be
concluded that utilization of this LioCO3-BaCOs electrolyte is not a
viable option in terms of achieving desired product purity and quality.

SEM images in of carbon produced in Li,CO3-BaCOj at different
temperatures are shown in Fig. 3. Some clear differences are observed
between the samples. According to XRD results all these forms of the
carbon are graphitized. Carbon produced at 700 °C contain both
spherical and irregular-shaped carbon structures with varying sizes and
without one dominant structure. When temperature is increased to 725
°C merely spherical, onion-like, structures are found, similar to ones
presented in [1,2,5,11,16,26,27]. Spherical structures are notably
smaller compared to particles found from carbon produced at 700 °C.
When temperature is further increased to 750 °C and 775 °C, tubular
structures are present along some spherical structures. Previously
tubular structures have been produced by this same method by [3,4,6,
13,14,18,24,25,28,29]. Ren et al. [4] concluded at least Ni, Fe, Cu, and
Co presence in the system contributes to the growth of tubular structures
by nucleating the growth.
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Fig. 3. Carbon produced at a)-b) 700 °C c)-d) 725 °C e)-f) 750 °C g)-h) 775 °C temperature in Li,CO3-BaCOj electrolyte. Electrolysis time in all the experiments was

90 min, and current density 0.2 A cm™2.
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Fig. 4. EDS spectra of carbon produced in Li;CO3-BaCO3 at 700 °C temperature.

Previous literature discussing about the effect of temperature,
including [8,17-19], also observed that by increasing temperature the
amount of tubular structures increased. Yu et al. [19] speculated that
increasing temperature enhances fluidity, which would affect the
interphase between electrolyte and cathodic surface and subsequently
the product morphology. Wang et al. [18] speculated that by increasing
temperature the electrochemical potential decreases and subsequently
the carbon deposition could be accelerated. This could favour the
growth of larger carbon particles.

EDS spectra of carbon produced in Li;CO3-BaCOg3 at different tem-
peratures are shown in Figs. 4-7. Elements found with EDS are in line
with the elements of components found with XRD, with the exception of
lithium. Lithium found with XRD is not visible in EDS, as lithium is too
light of an element to be detected. Nickel, chromium, iron and molyb-
denum found originate from the Alloy X electrodes. Barium is residues
from the salt, and chloride is residues from washing. The heterogeneous
nature of the sample composition is evident, as various spots within the
same sample exhibit different EDS spectra.

EDS spectra of carbon produced in Li;CO3-BaCO3 at 700 °C tem-
perature are shown in Fig. 4, carbon produces.

EDS spectra of carbon produced in LisCO3-BaCOgs at 725 °C tem-
perature are shown in Fig. 5.

EDS spectra of carbon produced in LisCO3-BaCOgs at 750 °C tem-
perature are shown in Fig. 6.

EDS spectra of carbon produced in Li;CO3-BaCOgs at 775 °C tem-
perature are shown in Fig. 7.

3.1.2. Product from Li;CO3-CaCO3 80:20 mol% electrolyte

XRD diffraction patterns of all the samples produced in Li;COs-
CaCOg electrolyte is shown in Fig. 8 and phase compositions of the
samples are shown in Table 4. Graphitic carbon has main peaks at
around 26.2°, 43.8°, and 54.4°. The amount of carbon varied between the
samples, and at best it was almost 96 %. In addition to graphitic carbon
metallic impurities, namely LiCrOs, FeNis, LigM0207, FeaO3, chromium
chloride hexahydrate, and ferrihydrite, were found in the samples. All
metals of those impurities originate from the Alloy X electrodes, and are
released due to corrosion, while hydrogen and chlorine originate from
the HCI used in the sample washing.

Based on the results in Fig. 8 and Table 4 it can be concluded that
electrolysis temperature is related to what metallic impurities are found
mixed with the carbon, as phase compositions noticeably differ from
each other when electrolysis is temperature changed. The differences
between repetitions done at same temperature were minor, as same
impurities were found but the amounts were slightly different. LigMo,07
and LiCrO, were found from all the samples, thought amount their
amounts varied significantly between the samples. FeNis, chromium
chloride hexahydrate (CCHH), and ferrihydrite (FH) were only present
in some of the samples. Previously the presence of LiCrO, and FeNis in
carbon produced by electrochemical splitting of CO2 in molten car-
bonate has been reported by [5].

Both chromium chloride hexahydrate (CCHH), and ferrihydrite (FH)
are formed during the washing process, as the only possible source of
hydrogen is HCL. They are likely to originate from chromium and iron
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Fig. 5. EDS spectra of carbon produced in Li;CO3-BaCOs3 at 725 °C temperature.

oxides, which are formed during the electrolysis due to corrosion and
oxygen production. Chromium chloride could be produced from CryO3
during the washing process as Cro03 is an amphoteric oxide [30]

Cr,0; + 6 HC1-3 H,0 + 2 CrCl;, 13

which then further reacts to form chromium chloride hexahydrate.

The main peak found at around 26° is fairly wide and not symmet-
rical, especially in the carbon produced at 700 °C and 725 °C temper-
atures. This could be an indication that some smaller other, smaller
peaks located near the graphite main peak (26.2°). Phase composition
analysis in Table 4 revealed the existence of at least one unidentified
component. It can be concluded that this unidentified component likely
contributes to the peak observed at around 26°. Noteworthy is that un-
like samples from the LioCO3-BaCOj3 electrolyte, those from the Li;COs3-
CaCOg electrolyte exhibit this distinctive wide peak. This implies that
the impurity causing the observed peak is specific to the samples pro-
duced in LipCO3-CaCOs electrolyte.

SEM images taken from carbon produced in Li;CO3-CaCOj3 electro-
lyte at different temperatures are shown in Fig. 9. Morphology of the
carbon significantly changes when electrolysis temperature is changed.
According to XRD results all these forms of the carbon are graphitized.
Carbon produced at 700 °C has platelet-like sharp edges, and there are
holes within the particle. Those found holes have likely been filled with
the electrolyte, which has been removed by washing with HCI. This type
of carbon resembles carbon nano-scaffold reported in [12] and
honey-comb reported in [8]. When temperature was increased to 725
°C, the carbon structure are more tightly packed, as no holes are found.

Also, the edges of the particles are not as sharp as they are in the carbon
produced at 750 °C.

At 750 °C temperature carbon morphology changes significantly
compared to lower temperatures. Throughout the sample spherical,
onion-like, structures are found. Similar spherical structures have pre-
viously been reported in [1,2,5,11,16,26,27]. When temperature is
further increased to 750 °C, tubular structures are found along spherical,
similarly as in the carbon produced in Li;CO3-BaCOs.

EDS spectra of carbon produced in LioCO3-CaCOs3 at different tem-
peratures are shown in Figs. 10-13. Again, elements found with EDS
correlate with the elements of the components found with XRD, with the
exception of lithium. Nickel, chromium, iron and molybdenum found
originate from the Alloy X electrodes, and according to XRD they form
components such as LiCrO,, FeNis, and LigMo0207. Chloride originates
from the HCl and only gets on contact with the sample during the
washing process. Calcium residues observed originate from CaCOj3
electrolyte. As different spots of the same sample have different EDS
spectra is can be concluded that the samples are heterogeneous.

EDS spectra of carbon produced in LipCO3-CaCOs at 700 °C tem-
perature are shown in Fig. 10.

EDS spectra of carbon produced in Li,CO3-CaCOg3 at 725 °C tem-
perature are shown in Fig. 11.

EDS spectra of carbon produced in Li,CO3-CaCOs at 750 °C tem-
perature are shown in Fig. 12.

EDS spectra of carbon produced in Li,CO3-CaCOs3 at 775 °C tem-
perature are shown in Fig. 13.
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Fig. 8. XRD diffraction patterns of carbon samples produced at different temperatures in Li;CO3-CaCO3 electrolyte. Number on the right side of the figure is equal to
the number of the repetition. CCHH = Chromium chloride hexahydrate, FH = Ferrihydrite.

Table 4

Phase composition analysis (w%) of the samples from Li,CO3-CaCO3 electrolyte based on reference intensity ratio (RIR) analysis.
Sample Graphitic C LiCrO, FeNis LigM0,07 Fey03 CCHH FH Unidentified component
Li,CO3-CaCO3 700, repl 76.5 12.2 1.6 9.7 - - 1.7
Li»CO3-CaCO3 700, rep2 83.8 5.7 0.8 9.7 - - 1.4
Li»CO3-CaCO3 725, repl 56.1 14.7 0.3 18.7 10.1 - 0.5
Li,CO3-CaCO3 725, rep2 59.7 14.2 0.5 19.1 6.5 - 1.0
Li»CO3-CaCO3 750, repl 95.9 0.7 - 3.3 - - 2.0
Li»CO3-CaCO3 750, rep2 94.9 0.2 - 4.9 - - 2.4
Li»CO3-CaCO3 775, repl 87.9 4.1 - 5.2 0.7 - 2.1 1.4
Li,C0O3-CaCO; 775, rep2 81.5 10.0 - 6.3 0.1 - 2.2 1.4

11
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Fig. 9. Carbon produced at a)-b) 700 °C c)-d) 725 °C e)-f) 750 °C g)-h) 775 °C temperature in Li,CO3-CaCOj3 electrolyte. Electrolysis time in all the experiments was

90 min, and current density 0.2 A cm™2.
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Fig. 10. EDS spectra of carbon produced in Li,CO3-CaCO3 at 700 °C temperature.

3.2. Electrolysis energy consumption, losses, and voltage efficiency

Average cell voltages during the 90 min 10 A constant current
electrolysis at in are shown in Fig. 14. The average cell voltage at 750 °C
in pure lithium carbonate, here 1.92 V, is used as a reference case, as
pure Li;COs is the most commonly utilized electrolyte in this type
electrochemical splitting of CO». While temperature is increased the cell
voltage decreased as expected. In the case of LioCO3-CaCOs the effect of
temperature to cell voltage was more significant compared to Li;COs-
BaCOs. At 750 °C and 775 °C the average cell voltages were close to each
other in all the experiments. Higher cell voltages result in elevated
overpotential losses and lower voltage efficiency, which, in terms of
energy consumption, are unfavorable. These losses contribute to an in-
crease in the electrolysis power and subsequently energy consumption.
Evaluating electrolysis power and energy consumption, the electrolysis
is crucial for the possible consideration of an industrial scale system.

Electrolysis power and heat generation are shown in Fig. 15. Elec-
trolysis power is higher at lower temperatures, and in Li;CO3-CaCO3
electrolyte the effect of temperature to electrolysis power is greater.
Observed overpotential losses manifest as heat production. Previously
heat generation and overpotential loss during this type of molten salt
electrolysis has been discussed in [2]. Heat generation is evident across
all electrolytes at all studied temperatures. In industrial processes, heat
generation plays a crucial role, affecting the overall system temperature.
The results of this paper have shown that the electrolysis temperature
has a significant effect on the product morphology, and thus maintaining
electrolysis temperature constant is crucial in order to obtain good
control over the product. To prevent undesired temperature change due
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to heat production temperature must be measured during the electrol-
ysis, and subsequently heating power of the oven must be controlled.

4. Conclusions

The effect of electrolyte selection and electrolysis temperature to
produced carbon morphology and electrolysis energy consumption and
voltage efficiency were studied. Li;CO3-BaCO3 80:20 mol% and LiCO3-
CaCOj3 80:20 mol% electrolytes were utilized at 700 °C, 725 °C, 750 °C,
and 775 °C temperature in 10 A (0.2 A cm’z) constant current
electrolysis.

Based on the comprehensive analysis of the produced carbon, it is
evident that both electrolyte composition and electrolysis temperature
affect the carbon morphology. At 700 °C and 725 °C the product
morphology differed significantly between the electrolytes, while at 750
°C and 775 °C structural similarities were found between samples pro-
duced with different electrolytes. Based on XRD diffraction patterns, it
can be concluded that not only the morphology of the carbon changes,
but also the type and amount of the metallic impurities change. The
amount and number of different impurity components were significantly
higher in the samples produced in LioCO3-BaCO3 compared to samples
from Li»CO3-CaCOs.

It can be concluded that the combination of Li,CO3-BaCOj3 electro-
lyte with Alloy X electrodes is unfavorable for this electrochemical
process, particularly with regard to product purity. If future in-
vestigations would focus on LiyCO3-BaCOs electrolyte, alternative
electrode materials such as titanium or platinum may yield superior
outcomes by reducing the quantity and number of different impurities.
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Fig. 11. EDS spectra of carbon produced in Li;CO3-CaCO3 at 725 °C temperature.
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Fig. 12. EDS spectra of carbon produced in Li;CO3-CaCO3 at 750 °C temperature.
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Fig. 13. EDS spectra of carbon produced in Li;CO3-CaCO3 at 775 °C temperature.
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Fig. 14. Average cell voltages measured during the 90 min 10 A constant current electrolysis. Electrolysis voltage efficiency is shown as a number in the bars.
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Fig. 15. Electrolysis power (left axis) and heat generation (right axis).

The results obtained with Li,CO3-CaCOs electrolyte are more promising.
It could be advantageous in subsequent studies to explore different
electrode materials and electrolysis temperatures within this specific
electrolyte, or adjust the proportions of electrolyte components to
further enhance the purity and quality of the resulting carbon.

In terms of energy consumption and voltage efficiency, LipCOs3-
CaCOgs is equal or slightly superior at temperatures 750 °C and beyond,
compared to pure LioCO3 and Li»CO3-BaCOs. In terms of heat generation
during the electrolysis, neither of the electrolyte options presented are
optimal, as heat generation is observed in all the cases. In industrial
processes, heat generation plays a crucial role as it can affect the overall
system temperature. The results shown here emphasize the importance
of maintaining a constant electrolysis temperature. To prevent un-
wanted temperature fluctuations caused by heat production, controlling
the heating power of the oven is crucial in ensuring stable temperature
during the electrolysis process.
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