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Battery recycling is currently becoming a crucial issue. One possible treatment path involves the use of molten salts.
Mechanistic understanding of the underlying processes requires being able to analyze in-situ speciation in the molten
salts at various temperatures. This can be advantageously achieved using X-ray absorption spectroscopy, the use of
Quick-EXAFS facilities being particularly appropriate. Consequently, this paper presents the design and development
of a new setup allowing to carry out Quick-EXAFS experiments in molten oxidizing salts at high temperature. We
describe the different components of the cell and the performances of the heating device. We illustrate the capabilities
of the set-up by analyzing the temperature evolution of Co speciation upon dissolution of LiCoO2 , a typical battery
electrode material, in molten carbonates, hydroxides and hydrogenosulphates.
I.

INTRODUCTION

Recycling is becoming a crucial issue for Human societies
to reduce environmental hazards while recovering essential resources that are becoming scarcer1,2 . This is particularly acute
when considering the explosion of mobile technologies that
generates tremendous amounts of Lithium battery wastes3 .
Currently, various drawbacks prevent an efficient recycling
of these materials4 . First, lithium batteries are using a wide
range of technological solutions5,6 implying various electrode
materials, different electrolytes, etc. Second, there is a significant time lag between their end of life and their arrival in
the recycling circuit, due to their conservation by consumers
even long after their end of use. Third, they are composed
with parts belonging to various chemical families, i.e. metals,
oxide and organic matter that require the use of very distinct
recycling methods.
Most publications dealing with lithium battery recycling focus on the electrode materials and employ hydrometallurgical
processes7–10 . In contrast, only few papers report on the use
of pyrochemical processes11–13 , i.e. chemistry in molten salts,
whereas such techniques present definite appealing aspects.
Pyrochemistry, that is used in metallurgy for decades14–16 ,
has indeed already been applied for various waste treatment
operations as illustrated by the following examples. The use
of molten fluorides and molten chlorides has been proposed
for nuclear waste treatment17–19 . Molten carbonates have
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proven very efficient for organic compounds degradation and
have been used to treat long polymer chains, i.e. plastics20–22
as well as volatile and hazardous molecules, like CCl4 and
C6 H5 Cl23–25 . They can sometimes be mixed with hydroxides
to decrease the running temperature26,27 . Molten hydroxides
dissolve numerous metals28 and oxides29 . Considering the variety of situations in which molten salts provide viable recycling solutions, they clearly represent relevant alternatives to
hydrometallurgical processes for Lithium battery recycling.
In particular, oxidizing molten salts, such as carbonate, sulphate, nitrate, hydroxide, phosphonate, etc. appear promising
and their use deserves further evaluation.
In the present paper, we focus on the reaction of battery
electrode components in molten salts and try to shed new
light on the underlying mechanisms. This clearly requires being able to assess the evolution with temperature of the oxidation state and speciation of metals inside the molten salts.
These features can be efficiently analyzed by X-ray Absorption Spectroscopy (XAS) and the question then arises whether
XAS studies can be performed in the highly demanding conditions associated to molten salts, i.e. high temperature and corrosiveness. Several studies already addressed this issue and a
few XAS studies on metal speciation in molten halides can be
found in the literature30–35 . Depending on the salt used, different technical solutions were proposed. Quartz can be used
with chloride or bromide media but it is dissolved in the presence of fluorides. For this reason, boron nitride cells are used
for fluorides but their tightness is insufficient for their use with
chlorides. In the specific case of radioactive molten fluoride
salts, additional shields have to be added36,37 . In parallel, several works addressed the case of molten oxides38–40 .
To the best of our knowledge, the case of molten oxidiz-
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ing salt has not been investigated yet. In the present publication, we describe the design of a specific setup allowing
to carry out high temperature X-ray absorption spectroscopy
(HT XAS) experiments in molten carbonates, hydroxides and
hydrogenosulphates. We will apply this set up to study the
dissolution of LiCoO2 , a typical battery electrode material on
the ROCK beamline of SOLEIL synchrotron that is dedicated
to fast XAS measurements41 .

II.

SETUP DESIGN

The analysis by XAS of the speciation of transition metals in molten oxdizing salts imposes the following conditions:
running temperature up to 650◦ C with a stability of 2◦ C, atmosphere control or air-tightness, cell materials that do not
leak and are inert to both molten salts and transition metals
and optimized optical path to allow measurements in transmission mode. Herein for K edge threshold energies of the
3d chemical elements composing the materials electrodes, the
optical path is less than half millimeter. In addition, the setup
should allow the sample to rapidly reach the running conditions, i.e. thermal equilibrium, in order to evidence using Quick-EXAFS the presence of transitory compounds that
could appear upon reaction of LiCoO2 with the molten salt
below and above the liquidus temperature.
The present cell design is inspired by previous developments dedicated to molten halides30,32,33,42 . For clarity, let
us recall the main features of these cells. For measuring XAS
spectra of rare earth and actinides in molten chlorides42 , a flat
quartz vial with a reservoir at the top had been designed. The
aim of the reservoir was to ensure a complete filling of the
cell at the optical path area, once the salt melts. The thickness
of the optical path was fixed and determined by the distance
between quartz walls. The vial could be sealed, which guarantees a perfect control of the chloride salt, i.e. no hydration
by surrounding atmosphere. Nevertheless, such a design does
not allow easy studies of elemental concentrations. For the
measurement of XAS spectra of rare earth and actinides in
molten fluorides32 , the cell design was based on two high purity and high density boron nitrides plates. A hollow cavity
was formed in the plates that were maintained together with
screws. There was no reservoir and the control of salt filling at the optical path zone was ensured by dispersing the salt
within a solid matrix composed of boron nitride powder. An
advantage of this procedure is that it enables an easy study of
concentration effects.
In the present case of molten oxidizing salts, two kind of
cells have been designed: with and without reservoir. The
target melting temperatures evolve from 860◦ C for molten
carbonates (Na2 CO3 ), to 470◦ C for hydroxides (LiOH) and
197◦ C for hydrogenosulfates (KHSO4 ). For practical recycling operations, one generally uses eutectic compositions that
lower the melting temperatures. The cell design then allowed
reaching temperatures up to 650◦ C but the experiments were
limited to 550◦ C. At high temperature, it is crucial to control
the atmosphere and, in particular, the oxygen level because (i)
molten salt oxidation efficiency depends on the oxoacidity that

TABLE I. Amount of sample and Co in the X-ray beam
Molten Salt

[Li2 CO3 -Na2 CO3 -K2 CO3 ]eutectic
NaHSO4
LiOH

[LiCoO2 ]
in molten salt
(wt%)
10
21.4
10

sample mass
for jump of 1
(mg/cm2 )
51.3
26.0
51.2

depends itself on the oxygen concentration in the atmosphere,
and (ii) the cell itself may be damaged by combustion. In addition, as the K edge of classical 3d transition metals such as
Mn, Co and Ni is located at relatively low X-ray energy (EMn
= 6539 eV, ECo = 7709 eV and ENi = 8333 eV), and in order
to minimize the absorption by the cell, its design requires the
use of materials with light chemical elements, easily manufactured as thin X-ray windows encapsulating a sample within a
cavity with a short optical path. As an illustration, Table 1
lists different samples that were analyzed and the amount of
sample needed for obtaining an edge jump of 1.

A.

Cell

The schemes of the two cell designs are presented in Fig. 1
(additional pictures are available in the supplementary information file). Each cell is entirely composed of two boron nitride (BN) cuboids 4 cm long, 2.5 cm wide and 1cm thick.
The technical schema is given in supplementary materials.
This material has already been selected for HT XAS studies
in molten fluorides and in that case, stringent specifications on
the amount of oxide present in the material had to be applied.
In the case of oxidizing molten salts, the presence of oxide in
BN is much less crucial. Accordingly, HP grade boron nitride
was selected, because of its higher compactness than that of
oxide free boron nitride. It has been purchased from Final Advanced Materials. The thickness of each BN block, i.e. 1 cm
is rather high compared to the 1 mm thickness used for molten
fluorides. This choice of a higher thickness has a dual objective. First, it allows drilling a hole through the BN block to
insert a thermocouple located very close (⪅ 5mm) to the area
at which XAS measurement are performed, which ensures excellent temperature control. Second, it is possible to hollow a
reservoir large enough to get complete salt filling at the measurement zone once the salt melts. As illustrated in Fig. 1 the
reservoir is located in continuation of the cavity (D1 ). Third, it
is possible to make thin wall to minimize the X-ray absorption
by the cell.
In the first cell design, a cavity, 200 to 400 µm in depth, 8
mm large and 25 mm high, is drilled in the block for receiving
the salt in the measurement zone. The back side is hollowed
in the region where the X-ray beam will pass to reach a BN
plate thickness less than 300 µm. The back side of the second
BN block (lid) is hollowed in the same way (Fig. 1). Hence,
the total BN length yielding an increase X-ray transmission is
less than 600µm. In addition, a groove is made all along the
interior part edge of the cell in order to improve gluing. The
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FIG. 1. At the top, schemes of the boron nitride cells: internal side
of the one compartment cell (D1 ), of the four compartments cell (D2 )
and of the cell lid (E), external side of both cell parts. In the middle,
schematic exploded view of the cell and heating device: the inox
plate (A), the boron nitride plate (B), the kantal heating wire (C), the
one compartment cell (D1 ) and its lid (E). At the bottom, pictures of
the one compartment (D1 ) and four compartments (D2 ) cells filled
with samples and top view of the cell sandwiched with the feating
device.

two parts of the cells are closed together either by gluing the
borders using an alumina ceramic glue (Resbond® 989F purchased from Final Advanced Materials) or by using screws.
It is important to note that the interior surface of both parts
has been carefully flattened to ensure optimal contact between
plates and hence to prevent salt leakage at high temperature.
The quality of the surface is illustrated by (i) the sucking effect
when D1 is leaned over E, (ii) the fact that the gas is retained
inside the chamber during experiments (see discussion). The
quality of the surface also prevents the ceramics glue from
diffusing inside the cell cavity. After experiments, no sign of
glue has been observed on the inert parts of the cell.
The second cell design does not bear any reservoir, but contains four cavities (Fig. 1). The rationale of such a design is
linked to the fact that in HT XAS experiments, the time limiting factor is not associated to spectra recording but to temperature ramps and stages. Hence, the use of several cavities
within one cell, allows recording up to 4 samples in one run.
Each cavity is 2 mm high and 8 mm large. In this second
cell design, the salt is dispersed within a BN powder matrix.
The aim is there to maintain an homogeneous salt distribution
inside the cavity.
In both cells, the salt is introduced as pellets (pressed at 14
tons) to facilitate and optimize cavity filling.
Finally, the same cell made in graphite has been tested and
it yields to similar results for carbonate and hydrogenosulfate
molten salts.

FIG. 2. Sample temperature (red dot), temperature set point (black
cross) and power (triangle) as a function of the time.

B.

Heating device

The scheme and picture of the heating device are shown in
Fig. 1. It consists in two wires of kantal (add the resistance
of the wire) 500 mm long, weaved along each large face of
the cell. They are connected to each other and to the electrical
cables on the lateral side thanks to two electrical lusters. The
cell and wires are sandwiched between two hollowed stainless
steel plates maintained by four screws that ensure that all parts
stay in the right position and optimize the contact of the wire
with the boron nitride cell. Two thin hollowed BN plates are
placed between the wires and the stainless steel plates to prevent electrical contact. The electrical cables (500 mm) consist
in copper twisted wires. They should be replaced after approximately 100 hours of running.
The heating elements have been connected to an electrical power supply (Delta Elektronika SM52-30 (52V, 30A,
1500W). The temperature is controlled thanks to a home made
Rock design device that combines a Eurotherm 2408 controller, a Eurotherm 2408-i display, both integrated within a
security and command system. To illustrate the quality of the
heating, the temperature and the delivered power are plotted
versus time in Fig. 2. The data are taken during the temperature ramp (10◦ C/minute) up to 500◦ C. The temperature control system (closed-loop PID control) behaves efficiently. The
increase in power to monitor the setpoint temperature is very
stable, with no notable variations. This power stability induces a fine control of the sample temperature. In addition,
it can be noted that the rise in temperature of the sample is
indeed linear, and constant with respect to the set temperature. The quality of the behavior of these 2 parameters, power
and temperature, demonstrates an efficient oven design, both
in terms of the heating element and the thermal insulation.
This setup allows to reach 650◦ C with a stability of +/- 1◦ C
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with a temperature ramp up to 20◦ C/min.

C.

Chamber

Cell and heating elements are placed inside a chamber for
the measurements. This chamber has several objectives. First,
it allows controlling the atmosphere around the cell and heating device. At high temperature, graphite and boron nitride
can burn in the presence of oxygen. Accordingly, it is crucial
that all the sensitive pieces are placed in an inert atmosphere
during the high temperature experiment. In the present study,
we used N2 gas flow. For this purpose, the gas inlet and outlet were placed on the lateral and upper parts, respectively.
Second, the chamber maintains the cell and heating device in
the appropriate position with respect to the X-ray beam and
allows a quick installation in the beamline. The design of
the chamber and a picture of the whole set-up positioned on
the beamline are presented in Fig. 3. The chamber itself is
placed on top of an aluminum platform that is adapted for fast
mounting on the ROCK beamline. The chamber is composed
of 5 aluminum plates screwed to each other and to the motorized sample stage of the platform. The front and back plates
are hollowed and covered by a Kapton film for the beam path
letting the X-ray beam transmission and making air-tight the
chamber. On the upper plate, three additional holes are made
for introducing the thermocouple (type K) and the electric cables for the heating elements. To minimize the heat transfer
to the aluminum parts, the cell and heating elements are enclosed in a ceramic chamber Fig. 3. The latter is made in
alumina silicate cement (Rescore® 750) purchased from Final Materials and consist of a base, a surrounding wall with
holes for the beam path and an upper part with three holes for
introducing the thermocouple and the electric cables. To ease
the mounting, the upper part is cut in two pieces. In addition, the thermocouple and the electric cables are introduced
in rigid alumina tubes to rigidify them and ease their placement. Outside the chamber, the electric cables are placed in
alumina ceramic fibers for electrical insulation. Finally, the
electric cables are connected thanks to a ceramic luster to the
electrical power supply (Delta Elektronika SM5230 1500W).
This connection prevents any undesirable motions of the cell
and heating elements during the last stages of installation on
the beamline.

III.

EXPERIMENT

A.

Samples

Li2 CO3 , K2 CO3 were purchased from Prolabo (AnalaR
normapur grade) and Na2 CO3 from Sigma Aldrich (purity
⩾ 99.0%). LiOH was purchased from from Prolabo (AnalaR
normapur grade). NaHSO4 was purchased from Sigma
Aldrich (purity ⩾ 99%). Cathode materials LiCoO2 were purchased from Sigma Aldrich (purity ⩾ 99.8%). The salts were
dried in a stove and stocked in a glove box under Ar before
being mixed with LiCoO2 . In the present case, the cells have

FIG. 3. On the left, exploded view of the aluminium and ceramic
chambers and the cell sandwiched with the heating device. On the
right, pictures of the chamber installed on ROCK beamline (top),
the ceramic chamber placed on the base of the aluminium chamber
(bottom left) and the the ceramic chamber with its lid placed inside
the aluminium chamber (bottom right).

been filled outside the glove-box under ambient atmosphere,
i.e. the salts were pressed as pellets outside the glovebox
and these pellets were introduced in the cell under open atmosphere.

B.

XAS measurement

X-ray absorption spectroscopy experiments were performed at the Cobalt K edge (7709 eV) at the ROCK QuickEXAFS beamline of the synchrotron SOLEIL (France). XAS
spectra were acquired in transmission mode with three ionization chambers: one before the sample, a second one located after the sample for measuring sample transmission and
a third one located after a Co metallic foil used as an internal
reference for energy calibration. The energy was calibrated at
7709 eV at the maximum of the first derivative measured for
the Co metallic foil. The measurement was performed over
the range 7510-8300 eV using a 1.5° oscillation amplitude of
the Si(111) channel-cut Quick-EXAFS monochromator at a
frequency of 2 Hz allowing to measure one spectrum every
250 ms. Taking advantage of the small beam size available at
the focusing positions of the beamline optics (FHWM 370 µm
x 300 µm horizontal x vertical), 10 mm wide line scans of the
cell with step of 250 µm at 37 different vertical positions along
the cell (each position being separated by 500 µm) has been
performed with integration time for photon counting of 0.1 s
per position. The repetition of such scanning at two different
energies taken before (7550-7650 eV) and after (7770-7830
eV) the Co K edge energy allows us to localize cobalt within
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the cell cavity using Matlab® script for rebuilding absorption
contrast maps. Massive normalization of the Quick-EXAFS
data were performed using the normal_gui python Graphical
User Interface available at the ROCK beamline43 .

IV.

RESULTS

LiCoO2 and NaHSO4 were mixed with 50% wt of BN
to adjust the sample transmission and achieve an edge jump
close to 1. The inertness of BN with LiCoO2 and NaHSO4
upon heating treatment was confirmed by ex situ XRD analysis. The mixed powders were pressed into pellets and placed
in the cell. The heating rate was 3.5°/ min from room temperature to 650◦ C.
To illustrate the efficiency of our setup, we present the case
of LiCoO2 , a widely used electrode material in Lithium batteries, in three molten salts: [Li2 CO3 -Na2 CO3 -K2 CO3 ]eutectic ,
LiOH and NaHSO4 .
A.

Carbonates

We use the eutectic composition of Li2 CO3 -Na2 CO3 K2 CO3 that corresponds to the mixture of 43.5mol% of
Li2 CO3 , 31.5mol% of Na2 CO3 and 25mol% of K2 CO3 . Its
melting temperature is 405◦ C. The salt was dried at 100◦ C for
several days in order to avoid moisture. Significant spectral
changes are observed with increasing temperature like white
line intensity changes and slight energy shift of the rising edge
(see the figure inset in Fig. 4) and resonances beyond the edge.
Indeed, melting can generally be evidenced from a modification of the XAS oscillation that damp44 . In the present case,
no significant damping of the XAS oscillations is observed
(Fig. 4). This may be due either to the fact that cobalt remains
"stuck" in nanoparticles or to an incomplete filling of the cell
upon melting. To discard this latter possibility we mapped the
cell before and after heating at two different energies, below
and above the Co K edge (Fig. 5). The change in the difference maps before and after heating clearly evidences that
melting had occurred during the experiment. It then appears
likely that in such a system cobalt nanoparticles preexist and
do not seem to be affected upon melting.

B.

Hydrogenosulfates

The melting temperature of NaHSO4 is 186◦ C. In contrast
with the previous case, the mixture was not heated before the
HT XAS experiment. Pristine LiCoO2 was then mixed with
NaHSO4 in a one to four ratio before being introduced in the
HT cell. The temperature evolution of the Co transmission
spectra as a function of temperature is displayed in Fig. 6.
In that case, major spectral changes can be observed with increasing temperature. At a temperature value close to 186◦ C,
oscillations start dampening while a shift in position of the
edge towards lower energy can be observed. Such dampening indicates the onset of melting. A continuous change of

FIG. 4. Co K edge spectra in the case of LiCoO2 in [Li2 CO3 Na2 CO3 -K2 CO3 ]eutectic from room temperature up to 550◦ C. The
inset represents the absorption edge energy as a function of the spectrum number.

the spectra is observed when increasing the temperature and
the spectra observed at 500◦ C are significantly different from
the initial spectra with a 2 eV shift of the shift towards lower
energy. This clearly indicates a change in the mean oxidation
of Co atoms that is associated to a modification of Co speciation in the sample. A more detailed analysis of this evolution
and of the reaction mechanisms will be the subject of a future
publication.

C.

Hydroxides

The case of hydroxides is particularly challenging, as
molten hydroxides are highly aggressive. Even glassy carbon and platinum that are inert towards most high temperature aggressive liquids are visually damaged after long experiments with molten hydroxides. We then wanted to test
the performance of our set-up, and in particular the cells, in
such difficult conditions. The melting temperature of LiOH
is 471◦ C. Similarly to the previous hydrogenosulfate case, the
mixture was not heated before the XAS experiment. Pristine
LiCoO2 was mixed with LiOH before being introduced in the
cell. The temperature evolution of the spectra is displayed in
Fig. 7. In this case, no temperature evolution was observed
during the whole run duration, i.e. around 7h. This may be
tentatively assigned to an insufficient run duration, as lab-run
experiments carried out over one week lead to the appearance
of new cobalt species. It may then be worthwhile to run such
an experiment again for a longer time although this is not fully
adapted to synchrotron-based experiments. It should also be
mentioned that after this 7 hours experiment, the boron nitride cell exhibits spots testifying a salt interaction with its
wall but with no apparent damage (additional picture is available in the supplementary information file). This experiment
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FIG. 7. Co K edge spectra in the case of LiCoO2 in LiOH at room
temperature, 350◦ C, 450◦ C and 550◦ C.

V.
FIG. 5. Cartography of the cell before heating and after heating for
intensity before and after Co K edge, and the ratio of the intensity
logarithms before and after Co K edge.

500°C

RT

FIG. 6. Co K edge spectra in the case of LiCoO2 in NaHSO4 from
room temperature up to 500◦ C. The inset represents the absorption
edge energy as a function of the spectrum number.

then demonstrates that our setup can be used for investigating
molten hydroxides, provided that the reaction times are not
too long.

DISCUSSION

As shown in the three examples presented here, our setup
allows measuring X-ray absorption spectra up to 550◦ C for
molten carbonates and molten hydrogenosulfate over periods
of several hours. In the case of highly aggressive media such
as molten hydroxides, experiments must be limited to shorter
times due to interactions between the molten salt and boron
nitride. Compared to other setups reported in the literature
and based on more traditional furnaces31,32,45 , the device presented here bears a definite advantage thanks to the close contact between boron nitride and heating wires that allows fast
heating. When combined with the fast recording provided by
a Quick-EXAFS beamline such as ROCK, this enables to follow rapid reaction of transition metal compounds in molten
salts, as illustrated by the case of LiCoO2 in NaHSO4 (Fig. 6).
It can be estimated that compounds with lifetimes down to a
few minutes can be identified with such a combination. The
use of a levitation setup using CO2 laser heating38,39,46 allows
investigating fast kinetics but is unfortunately not suitable for
volatile samples such as molten salts. Furthermore setting and
adjusting levitation is rather tricky and extremely difficult to
implement for air-sensitive samples.
Furthermore, being able to carry out fast analyses is mandatory when the sample cannot be conditioned within a confining matrix of either boron nitride or other powdered materials.
This is for instance the situation of the reduction of Co(III) in
cobalt oxide with sodium hydrogenosulfate, where the presence of the matrix appears to somehow hinder the reaction, as
observed in recent unpublished experiments. In such cases,
the liquid nature of molten salt will lead to motions inside the
cell, which are worsened by the high-temperature conditions.
Such motion will induce dramatic changes in the transmitted
intensity over short times. In classical EXAFS beamlines, the
recording time is often longer than the macroscopic motion
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time of the liquid, which prevents obtaining any reliable spectra. Quick-EXAFS generally overcomes this difficulty as the
typical time for collecting one spectrum is around 200ms. It
must be emphasized that the issue of liquid motion is even
more difficult to solve at medium X-ray energy that imposes
the use of very thin samples, in which both gravity and capillary forces lead to liquid motion. Using a reservoir as proposed by Okamoto et al.31 or by us cannot handle the previously described problem and the use of Quick-EXAFS is then
mandatory.
Finally, when studying reaction in transition metals, being
able to control the atmosphere around the sample during the
reaction is important. This was recognized by Chupas et al.45
whose design allows adjusting the atmosphere during experiments. Such a feature is not present in our cell, and depending
on the sample, the cell can be conditioned either in air or in
glove box before being sealed. It must be mentioned that in a
few experiments involving carbonates conditioned under air,
an over pressure in the sample cavity resulting from the reaction lead to cell explosion. Such event illustrates the tightness
of our cell and shows that the atmosphere imposed when sealing will be conserved during the whole course of the experiment.

VI.

CONCLUSION

We presented here the design of a novel device allowing the
study by X-ray techniques of molten oxidizing salts at temperatures ranging between room temperature and 650◦ C. This
setup is built around a central boron nitride cell that is in direct contact with heating elements, ensuring an accurate and
fast temperature control.
We illustrate the performances of this setup by following
by Quick-EXAFS the evolution of Co K edge X-ray absorption spectra of LiCoO2 dispersed in three different families
of molten salts, i.e. carbonates, hydrogenosulfates, and hydroxides. The proposed design appears perfectly adapted to
the case of carbonates and hydrogenosulfates. We show that
it can even be employed in the case of highly aggressive hydroxides media, provided that reaction times are kept to less
than a few hours.
The combination of fast heating and Quick-EXAFS opens
new perspectives for analyzing in detail the reaction mechanisms occurring during pyrochemical processes that represent
an attractive recycling route for the recovery of various compounds present in used battery materials. Finally, the setup
is rather versatile and could certainly be used for numerous
types of samples provided that they do not react with boron
nitride at high temperature.

SUPPLEMENTARY MATERIAL

See supplementary material for additional pictures of the
boron nitride cell, of the ceramic chamber and of the cell after
long run with molten hydroxide salts.

E/D1/D2

D2

D1
E/D1/D2

FIG. 8. on the left (top and bottom) external face of the cell part (D1 ,
D2 and E); on the right, internal face of the cell part for D1 (bottom)
and D2 (top).

A.

Boron Nitride cell

A picture of the internal and external faces of the boron
nitride cell is shown in Fig. 8. The internal face of E part is
not shown as it is simply a flat boron nitride surface. Each
internal face (D1 , D2 and E) is carefully flattened in order to
ensure the best contact between each parts of the cell. Hence,
tightness is achieved. Note that each cell part is machined
within one unique boron nitride block.

1.

Ceramic chamber

Several views of the ceramic chamber are displayed in
Fig. 9.

B. Boron Nitride cell after experiment with molten
hydroxides

As shown in Fig. 10, the aggressive nature of molten
hydroxide salts is illustrated by the three horizontal marks
present after a run at high temperature. This run consisted
in three ramps from room temperature to 200°C, from 200°C
to 500°C and from 500 to 550°C separated by three plateaus
of 45 minutes at each temperature.
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FIG. 10. Picture of the external part of a D2 type cell containing
hydroxide after approximately 6 hours at high temperature.

FIG. 9. on the left (top and bottom) external face of the cell part (D1 ,
D2 and E); on the right, internal face of the cell part for D1 (bottom)
and D2 (top).
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