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ABSTRACT: Lithium oxosilicate was synthesized via the solid-state method using Li2O and SiO2 as starting reactants. In situ
synchrotron powder X-ray diffraction (SPRXD) coupled with Rietveld refinement allowed describing the synthesis as a two-step
process where Li2O and SiO2 react to form Li4SiO4 and, at higher temperatures, lithium orthosilicate reacts with the remaining
Li2O to form Li8SiO6. Time-resolved measurements allowed determining the temperatures at which each phase transformation
occurs as well as the time required to complete the synthesis. The CO2 capture properties of Li8SiO6 in the temperature range
from room temperature to 770 °C were studied in detail by time-resolved in situ SPXRD. The crystallographic phases present
during Li8SiO6 carbonation were identified and quantified via Rietveld analysis. Results showed that, within the temperature
range from 200 to 690 °C, Li8SiO6 carbonation produces Li4SiO4 and Li2CO3, while, at temperatures from 690 to 750 °C, a
secondary reaction occurs, where previously formed Li4SiO4 reacts with CO2, producing Li2SiO3 and Li2CO3. These findings
allowed proposing a mechanism of reaction for Li8SiO6 carbonation in the temperature range that is of interest for high
temperature solid-state sorbents.

■ INTRODUCTION

The emission of greenhouse gases resulting from power
production sources has been identified as one of the major
causes of anthropogenic global warming.1 One of the strategies
to overcome this environmental issue is the implementation of
technologies that allow the capture of the CO2 generated in
power plants before its release to the atmosphere.2,3 In this
regard, the use of materials for CO2 capture and storage (CCS)
is seen as a promising approach to diminish the current
releases of CO2 while the energy matrix moves toward clean
and renewable energy sources.4,5

Several approaches have been explored to find the most
suitable materials for this task, including porous polymeric
materials,6 diverse oxides,7−9 metal organic frameworks,10−13

and lithium-based materials.14−17 Among the latter, lithium
silicates appear as very interesting because they have shown

large sorption capacity within the temperature range from 400
to 750 °C, reasonable kinetics, and good regeneration
properties.15,18−21 In particular, Li8SiO6 is a propitious
candidate for high temperature CO2 sorption since it is able
to chemisorb significant quantities of CO2 very fast at
temperatures higher than 600 °C (11.9 mmol of CO2 per
gram at 650 °C).16 Furthermore, the temperature range for
CO2 sorption can be lowered via sodium carbonate (9.3 mmol·
g−1 at 550 °C) and/or potassium carbonate (7.5 mmol·g−1 at
400 °C) addition,22 giving versatility for its use in different
postcombustion applications.
Typically, Li-based sorbents exhibit two temperature-

dependent phenomena during their reaction with CO2. At
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low temperatures, it is expected that CO2 reacts at the surface
of the particle, producing an external shell of Li2CO3 and
Li4SiO4 or Li2SiO3, depending on the case, while, at high
temperatures, diffusion processes are activated and the reaction
proceeds through the bulk of the material. These two processes
can be easily distinguished by dynamic thermogravimetric
analysis, where the material is heated up under CO2 flow and
the sample weight is measured in order to determine the
weight increment given by the carbonation reaction. In the
case of Li8SiO6 carbonation, the superficial reaction occurs
between 286 and 440 °C, where the thermogravimetric curve
presents a slight weight increase (3.1 wt %).16 However,
contrary to other ceramics, at high temperatures, the
thermogravimetric curve suggests the occurrence of two
different phenomena. The first one is observed at temperatures
between 568 and 690 °C and causes an increase in the weight
percent of 40 wt %. Then, at 690 °C, another sudden increase
of the weight percent is evidenced (4.1 wt %).
The knowledge of the reactions taking place in the

temperature range from 600 to 750 °C is of key importance
not only for the application of Li8SiO6 as a high temperature
CO2 sorbent but also to evaluate the regeneration capability of
the material. Until now, different reactions have been proposed
theoretically to explain the CO2 capture of Li8SiO6:

23

+ → + +Li SiO CO Li CO Li O Li SiO wt % 24.508 6 2 2 3 2 4 4
(1)

+ → +Li SiO 2CO 2Li CO Li SiO wt % 49.018 6 2 2 3 4 4 (2)

+ → +Li SiO 3CO 3Li CO Li SiO wt % 73.518 6 2 2 3 2 3 (3)

+ → +Li SiO 4CO 4Li CO SiO wt % 98.018 6 2 2 3 2 (4)

In a recent work, Duran-Muñoz and co-workers reported
that the phases present after 2 h isotherm at 550 °C under CO2
are Li8SiO6, Li2CO3, and Li4SiO4, while, after 2 h isotherm at
650 °C, Li2CO3 and Li4SiO4 were observed. These findings
suggest that reaction 2 is occurring, but do not explain the
second bulk process that causes an increase in the sorption
capacity of Li8SiO6.

In most of the cases, the approaches used to gain insight into
the mechanism of reaction of different sorbents with CO2 are
based on density functional theory calculations24−26 or on
experimental diffraction data collected after many hours of
isothermal exposure of the material to CO2.

25−31 Although this
last method allows one to identify the phases that could be
present at high temperatures under CO2 flow, it is not so clear
that the phases retained after each isotherm are the phases
present during the dynamic thermogram. Furthermore, in
many cases, the cooling rate and the atmosphere at which the
material is subjected during cooling are factors that could
introduce changes to the high temperature phases that could
be produced during carbonation reaction. Because of this, in
situ X-ray diffraction has demonstrated to be an effective tool
to track with accuracy the reactions occurring at high
temperatures.16,32−35

The aim of the present work is to study the solid-state
synthesis of Li8SiO6 and to reveal the mechanism of reaction of
Li8SiO6 at different temperatures under CO2 in order to
complement previous studies performed in other lithium
silicates.36 Time-resolved in situ synchrotron powder X-ray
diffraction coupled with Rietveld refinement was used to track
the structural changes of the material under different
conditions. The identification and quantification of inter-
mediate and final phases during the reaction with CO2 allowed
proposing a mechanism of reaction that explains the results
already reported by thermogravimetric analysis.16

■ EXPERIMENTAL SECTION
Li8SiO6 was synthesized via a solid-state route using Li2O (99.5%
Sigma-Aldrich) and SiO2 (99.9% Sigma-Aldrich) as starting materials.
The reactants were mechanically mixed (Retsch Shaker MM200) in
an agate jar during 5 min with 20 wt % excess of Li2O with respect to
the stoichiometric amounts. The excess is required in order to
compensate the sublimation of Li2O during the synthesis
process.16,20,25 The resulting powder mixture was loaded inside a 1
mm quartz capillary, which was open at both ends. The inlet of the
capillary was connected to a gas rig system with three mass flow
controllers that allowed the independent feed of synthetic air, N2 and
CO2 to the sample. The capillary was horizontally placed on top of a
gas blower that enabled heating and cooling in the range (25−800)

Figure 1. Experimental setup for the in situ Li8SiO6 synthesis and CO2 capture measurements.
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°C. During the synthesis, the starting materials were heated up from
room temperature to 700 °C at a rate of 5 °C·min−1 under 10 mL·
min−1 flow of synthetic air. The synthesis of Li8SiO6 was followed by
in situ synchrotron X-ray powder diffraction. A scheme of the
experimental setup is presented in Figure 1.
For the ex situ synthesis, the starting powder mixture was placed

inside an airtight stainless steel reactor and heated in a furnace up to
700 °C for for 8 h. Synthesized Li8SiO6 was then loaded in a 1 mm
quartz capillary and subjected to a 10 mL·min−1 of pure CO2 flow
while heating from room temperature to 790 °C at a rate of 5 °C·
min−1. Each 50 °C, the ramp was stopped and the sample was kept
under isothermal conditions during 30 min. Structural changes
occurring during Li8SiO6 carbonation were tracked by time-resolved
in situ SPXRD.
In situ synchrotron powder X-ray diffraction measurements were

performed at the beamline ID31 of the European Synchrotron
Radiation Facility (ESRF). The data were acquired using a 2D
PerkinElmer detector, at a wavelength of 0.1589 Å. The beam size was
0.6 mm × 0.6 mm. The acquisition time for each XRD pattern was 2
s, and the time resolution was 1 pattern each 30 s. The data were
integrated using the pyFAI37 package, and the Rietveld refinement
was performed using Fullprof suite software.38

■ RESULTS AND DISCUSSION
Synthesis. Li2O and SiO2 were heated with a ramp of 5 °C·

min−1 from room temperature to 700 °C under synthetic air
flow. In Figure 2, the X-ray diffraction pattern corresponding

to the initial materials before heating, together with the results
of the Rietveld fitting, is presented. In the figure, the main
peaks of Fm3̅m Li2O can be identified. A small percentage of
tetragonal LiOH, formed due to the reaction between Li2O
and ambient moisture, was also detected. Due to the
amorphous nature of the SiO2 utilized as starting material,
this phase does not present proper Bragg reflections, and its
presence is evidenced by a broad peak at 2.2°.
Figure 3a presents a contour plot showing the phase

evolution of the starting materials during the synthesis. Figure
3b shows the temperature of the system as a function of time
during the measurement. In this second plot, the axis scales

have been adjusted to be coincidental with the time evolution
presented in the contour plot.
As it can be observed from the figure, the temperature was

initially increased at a ramp rate of 5 °C·min−1 until 425 °C
and then the sample was kept under isothermal conditions for
30 min. After that, several 50 °C temperature increase steps
with 30 min waiting periods were performed until the system
stopped showing any evolution with temperature. From the
contour plot, it can be noticed that there are no phase
transitions between the initial temperature and 425 °C, the
temperature at which the peaks indicating the formation of
monoclinic Li4SiO4 (P21/m, JCPDS ref code 01-076-1085)
start to grow. This phase becomes the main phase of the
system up to 550 °C, when the Li4SiO4 reacts with remaining
Li2O to form Li8SiO6. However, it can be noticed by the
prolongation of some of the peaks corresponding to Li4SiO4
well into the region dominated by Li8SiO6 that a portion of the
orthosilicate remains on the sample, indicating an incomplete
reaction. To discard any possible kinetic limitation, when the
Li8SiO6 phase appeared, the waiting time was increased to 90
min for that step. Since no change was observed after the
longer waiting time and further temperature increments, for
the next steps, the waiting period was reduced back to 30 min.
Due to the superposition between the two main peaks of Li2O
and peaks from Li8SiO6, it becomes very difficult to determine
if the observed coexistence between Li8SiO6 and Li4SiO4 after
the transition temperature is caused by a shortage of Li2O,
caused by sublimation, or if the reaction reached its conversion
limit due to different reasons.
With the aim of gaining a better understanding of the

chemical reactions occurring during the synthesis process,
Rietveld analysis was performed to the in situ XRD data. From
the refinements, it was possible to obtain the phase
composition of the material at different stages by considering
the ratio between the scale factor, mass, and volume of each
phase obtained during the refinement and to the summation of
all these factors for the total of crystalline phases present. In
order to simplify phase quantification, amorphous SiO2 was
not taken into account on the analysis and the progress of the
synthesis reaction was evaluated by the decrease of starting
Li2O and the appearance of the reaction products. Because of
this, it is important to consider that, after 325 °C, the total
mass of the system (100%) varies at each point, to include the
amount of reacted SiO2.
The phase composition analysis of the starting material

showed the presence of a significant amount (around 25%) of
LiOH (P4/nmm JCPDS ref code 01-085-0777). Several
previous works have already reported the presence of a small
percentage of this compound after synthesis was performed
using Li2O precursor;17 however, it is unclear if the compound
had been present before the synthesis39 or not. The amount of
this impurity decreases with temperature, and at the end of the
synthesis, its phase percentage is lower than 3%. This result
may indicate that the amount of LiOH found as impurity by
other authors may come from the starting materials or could
also be generated after the synthesis, by reaction of remaining
Li2O with ambient moisture. When comparing to the XRD
performed right after the synthesis, it becomes clear that,
during the 24 h between both measurements, the amount of
LiOH increases significantly, indicating that the LiOH comes
from the reaction with ambient moisture at room temperature.
The complete phase evolution of the system during the
synthesis is presented in Figure 4.

Figure 2. XRD pattern corresponding to the starting powder mixture,
including the pattern obtained from the Rietveld refinement and the
difference curve. The color bars below the diffractogram show the
calculated reflections for each phase. The inset shows the crystal
structure of Li2O.
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As it can be seen from the figure, when the system starts to
increase its temperature, a significant amount of LiOH is
returned to the original Li2O. This increment in the amount of
Li2O continues up to 300 °C, the temperature at which the
formation of Li4SiO4 begins. Between 300 and 490 °C, the
reaction

+ →2Li O SiO Li SiO2 2 4 4

continues steadily, reaching a maximum value of 75%. Above
that temperature, the formation of Li8SiO6 from Li4SiO4 and
Li2O becomes thermodynamically favorable and the system
evolves toward the formation of lithium oxosilicate. This
reaction completes almost instantly, reaching stable values of
phase percentages at 500 °C. No further changes can be
observed in the range of temperatures between 500 and 700
°C. The phase percentage values determined at the end of the
experiment showed a remaining amount of Li2O and Li4SiO4
(around 6% each), and also some Li2SiO3 (4%), which
appeared together with the Li8SiO6. The presence of Li2SiO3

can be attributed to the decomposition of Li4SiO4 following
the reaction

→ +3Li SiO Li SiO 2Li SiO4 4 8 6 2 3

At 600 °C, Li2SiO3 should react with Li2O to form even
more Li8SiO6; however, its presence at the end of the synthesis
process indicates that this is not the case. Since a certain
amount of Li2O is still present, a shortage of Li2O was not the
cause for the incomplete reaction, so the incompleteness of the
reaction should be attributed to other factors (kinetics
limitations, lack of an interface between the reacting materials,
etc.).
In Figure 5, the final diffraction pattern obtained at 600 °C

after the synthesis process is presented. The marks indicate the
peaks belonging to each phase in different colors. From the X-
ray diffraction pattern, it can be easily noticed that Li8SiO6 is
the main phase. Also, from the absence of the broad
background peaks close to 2.2°, it is possible to assume that

Figure 3. Contour plot of the in situ X-ray diffraction patterns collected during the synthesis of Li8SiO6 (a) and the corresponding evolution of
temperature against time during the process (b).

Figure 4. Phase evolution against temperature during the synthesis of
Li8SiO6. Phase percentages were obtained from the Rietveld
refinement of the in situ XRD.

Figure 5. Phases obtained during the synthesis of Li8SiO6, including
the pattern obtained from the Rietveld refinement and the difference
curve and the crystal structure of Li8SiO6. The color bars below the
diffractogram show the calculated reflections for each phase.
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the entire amount of SiO2 has been consumed in the first
reaction to form Li4SiO4.
CO2 Capture. Ex situ synthesized Li8SiO6 was loaded into a

capillary in a setup similar to the one used for the in situ
synthesis, and a CO2 flow was fed to the sample. Again, the
flow selected was 10 mL·min−1 and the temperature ramp was
5 °C·min−1, with steps of 50 °C with 30 min of waiting time
between steps. This flow ensured a CO2 pressure in the system
of around 1.5 bar.
Figure 6a presents a contour plot showing the phase

evolution of the system during Li8SiO6 carbonation, while
Figure 6b shows the corresponding change in the system
temperature as a function of time. It is possible to notice that
the first changes occur at 300 °C, with the appearance,
although very subtle, of the main peaks of monoclinic Li2CO3
(C2/c, JCPDS ref code 01-087-0728) at 2θ 3 and 3.1 and an
increment on those belonging to Li4SiO4. However, there is no
further increase of Li2CO3 phase percentage at this temper-
ature, reaching an equilibrium composition. Successive
temperature increments show that the system reaches
equilibrium in a short amount of time, with very little variation
on the intensity of the peaks, and thus with very little change in
the system composition. At temperatures above 550 °C, it is
possible to observe an increment in the intensity of the main
peaks of Li2CO3 and Li4SiO4, suggesting that the carbonation
reaction is reactivated at this point. Between 550 and 675 °C, it
is possible to see the total disappearance of Li8SiO6 and the
growth of Li2CO3, Li4SiO4, and Li2SiO3. At higher temper-
atures, above 725 °C, the melting process of Li2CO3 becomes
evident by the disappearance of all its peaks, which allows a
clearer observation of the remaining lithium silicate phases,
Li2SiO3 and Li4SiO4. The XRD pattern collected at 725 °C is
presented in Figure 7, along with the structure of the two main
remaining observable compounds and the Li2CO3.
Using the Rietveld refinement method on the in situ XRD

patterns collected during Li8SiO6 carbonation reaction, it was
possible to determine the phase percentages of the different
compounds at each temperature. The results of this refine-
ments are presented in the Figure 8. From the figure, it is
possible to notice that the first absorption process begins at
∼300 °C. At this temperature, part of the Li8SiO6 reacts with
CO2, forming Li4SiO4 and Li2CO3. This reaction continues up

to 375 °C, the temperature at which it stops without
completing. After reaching this temperature, the system enters
into a plateau region, in which the only significant change
observed is the decomposition of LiOH to form Li2O. This
plateau has been previously reported and is associated with
carbonation reaction taking place at the surface of the particles,
but not in the bulk due to diffusion kinetic limitations. These
process limitations caused by the systems kinetics has already
been proposed by Duran-Muñoz et al.16 The mentioned
carbonation reaction is reactivated once the system is heated
up to 550 °C, due to the activation of diffusion processes in the
bulk of the material. At this temperature, the amount of
Li8SiO6 starts to diminish again until 680 °C, the temperature
at which the reaction is finally completed. In a previous work,16

it has been reported that, at this temperature, the CO2
absorption kinetics slows down and that the material stops
absorbing. However, this assumption does not explain
experimental results that show a second carbonation reaction
at higher temperatures16 (around 700 °C). In this last

Figure 6. (a) Contour plot of X-ray diffraction data measured during Li8SiO6 carbonation, (b) temperature variation during the carbonation
reaction process.

Figure 7. XRD pattern of the system after the melting of Li2CO3,
including the pattern obtained from the Rietveld refinement and the
difference curve and the crystal structure of the present
compounds.The color bars behind the diffractogram show the
calculated reflections for each phase.
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carbonation process, the weight percent increment of the
system measured by thermogravimetric analysis is of 4%.
The occurrence of the last CO2 absorption process cannot

be directly determined from the data presented in Figure 8,
due to the melting of the Li2CO3 that occurs close to this
temperature. However, comparing the relative amount of the
remaining observable phases, it is possible to notice that, after
Li2CO3 melting, the amount of Li2SiO3 is much higher than
the expected. Considering the phase percentages of Li4SiO4,
Li2SiO3, Li2O, and LiOH before (50.46, 5.03, 2.92, and 1.41%,
respectively) and after (60.19, 29.55, 6.55, and 3.71%) the
melting of Li2CO3 occurs, it becomes clear that the increment
observed in Li2SiO3 cannot be related only to the
renormalization caused by the absence of the melted phase.
The observed increment in the amount of Li4SiO4 is a
mathematical artifact caused by the elimination of the
noncrystalline phase of the total mass, since now the total
dividing factor is smaller. The inset presented in Figure 8
illustrates this phenomenon, by showing the ratio between the
weight percentage of the Li4SiO4 and the other three phases
present in the system. This ratio was calculated by dividing the
weight percent corresponding to each phase by the weight
percentage corresponding to Li4SiO4 at some selected
temperatures. In the figure, can be observed how the ratio
remains roughly constant for Li2O and LiOH but presents a
steep jump from 1:10 to roughly 1:2 for Li2SiO3. This is an
indication that the amount of Li2SiO3 present in the system is
increasing compared to the other phases. On the basis of this
analysis, it is possible to assume that, after the melting of
Li2CO3, the following reaction occurs

+ → +Li SiO CO Li SiO Li CO4 4 2 2 3 2 3

consuming some of the existing Li4SiO4 and absorbing an
additional amount of CO2 to produce Li2SiO3 as a byproduct.
Since the other product of the reaction, the Li2CO3, is in liquid
state at this temperature, the increment in the amount of this
compound cannot be observed by XRD.

According to the experimental results, the proposed
mechanism of reaction for Li8SiO6 carbonation is the
following:

+ → + °

°

Li SiO 2CO 2Li CO Li SiO , from 300 C

to 680 C
8 6 2 2 3 4 4

+ → + °Li SiO CO Li CO Li SiO , above 700 C4 4 2 2 3 2 3

Previous results on in situ, but not time-resolved, experi-
ments have shown that it is possible to reconstruct the
dynamic thermogram using the phase compositions calculated
via Rietveld analysis.34 A reconstruction of the TGA curve was
performed taking into account the chemical reactions and their
stoichiometry. The results are shown in Figure 9. To build the

presented curve, it was assumed that, at temperatures lower
than 680 °C, Li8SiO6 carbonation followed the proposed
reaction without the occurrence of any secondary chemical
reaction. Once all the Li8SiO6 was consumed, the Li4SiO4
carbonation is considered the only other CO2 absorbing
mechanism for the system, and it was assumed that the
increment on the amount of Li2SiO3 came from this reaction.
The calculated curve is in very good agreement with
thermogravimetric curves previously reported for the same
system, even presenting the double step chemical reaction
observed at 700 °C.14,16

It is important to remark that further heating of the sample
above 776 °C resulted in the reformation of Li4SiO4. Under
this experimental condition, above 776 °C, the reaction

+ → +Li SiO CO Li CO Li SiO4 4 2 2 3 2 3

becomes thermodynamically unfavorable, and its direction is
inverted, releasing CO2. The stability region of the absorption/
desorption processes is shown in the inset of Figure 9. At this
temperature, the determination of phase percentages becomes
meaningless, since the only phases observable in the diffraction
pattern are Li4SiO4 and a small amount of LiOH. In order to
obtain a better approximation of the phase composition at this
stage, the sample was rapidly cooled to ambient temperature
and then characterized by XRD. The resulting patterns were
refined by the Rietveld method and showed a composition of
52% Li4SiO4, 45% Li2CO3, and 3% LiOH. It remains unclear
why the Li4SiO4 carbonation reaction was only observed at

Figure 8. Phase evolution against temperature during the carbonation
process of Li8SiO6. Phase percentages were obtained from the
Rietveld refinement of the in situ XRD. The inset shows a detail of the
phase percentage ratio between some of the observed phases and
Li4SiO4 as a function of the temperature.

Figure 9. Dynamic thermogram of Li8SiO6 carbonation reconstructed
from the data obtained by Rietveld refinement.
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temperatures higher than 700 °C, when the thermodynamics
of the system indicates that it is favorable at much lower
temperatures. A possible explanation is that, during the
carbonation of Li8SiO8, an external shell of Li2CO3 is formed
over the newly formed Li4SiO4 particles, limiting the access of
CO2 to the internal Li4SiO4. Once the system reaches the
melting point of Li2CO3, the CO2 has free access to the core of
these particles and the Li4SiO4 carbonation finally occurs.
These results are in agreement with previous studies done in
the Li4SiO4 system.36

■ CONCLUSIONS
The solid-state synthesis of Li8SiO6, using Li2O and SiO2 as
reactants, was studied by in situ synchrotron powder X-ray
diffraction. Between 300 and 490 °C, Li2O and SiO2 react to
form Li4SiO4, while, at temperatures above 490 °C, Li4SiO4
swiftly reacts with the remaining Li2O to produce Li8SiO6. The
presence of LiOH, produced by exposure of Li2O to room
humidity, was identified together with the starting materials.
The quantity of this impurity decreased during the heating
process, due to its reaction to form Li2O. The in situ synthesis
allowed determining that, above 500 °C, the system reaches
the equilibrium very fast, making waiting for several hours to
complete the reaction unnecessary.
The second part of the present work was focused on the

study of the Li8SiO6 carbonation reaction in the temperature
range from room temperature to 780 °C. Time-resolved in situ
XRSPD allowed tracking phase transitions in real time at
temperatures that are of interest for the application of Li8SiO6
as high temperature CO2 sorbent and to propose a mechanism
of reaction. Studying the phase composition of the system, it
becomes clear that there is a first superficial absorption by
Li8SiO6 and then the reaction stops, probably due to diffusion
kinetic limitations. After increasing the temperature, the system
resumes this main reaction, consuming the remaining Li8SiO6
in the bulk absorption process. The in situ absorption
characterization allowed clearly determining the nature of the
double CO2 bulk chemical reaction process, which had been
previously observed but not explained, by showing the
increment on the amount of Li2SiO3 and the relative drop in
the amount of Li4SiO4 present in the system. It is important to
highlight that results obtained from the Rietveld refinements of
the in situ Li8SiO6 carbonation allowed reconstructing the
dynamic thermogram, and the results are in good agreement
with previously reported thermogravimetric measurements for
Li8SiO6. This allowed distinguishing reactions occurring at the
surface of the material from those taking place in the bulk.
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Arneodo Larochette, P.; Gennari, F. C. Evaluation of the formation
and carbon dioxide capture by Li4SiO4 using in situ synchrotron
powder X-ray diffraction studies. Phys. Chem. Chem. Phys. 2018, 20,
26570−26579.

(37) Kieffer, J.; Karkoulis, D. PyFAI, a versatile library for azimuthal
regrouping. J. Phys.: Conf. Ser. 2013, 425, 202012.
(38) Rodriguez-Carvajal, J. Recent advances in magnetic structure
determination by neutron powder diffraction. Phys. B 1993, 192, 55−
69.
(39) Kim, M. G.; Cho, J. Air stable Al2O3 -coated Li2NiO2 cathode
additive as a surplus current consumer in a Li-ion cell. J. Mater. Chem.
2008, 18, 5880−5887.

Inorganic Chemistry Article

DOI: 10.1021/acs.inorgchem.8b01297
Inorg. Chem. XXXX, XXX, XXX−XXX

H

http://dx.doi.org/10.1021/acs.inorgchem.8b01297

