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Abstract : Natural graphite is obtained from an abandoned open-cast mine and purified by a simple, eco-friendly and
affordable beneficiation process including ball milling and flotation process. Both raw graphite (55 wt %) and its con-
centrate (85 wt %) were electrochemically tested in order to evaluate these materials as anode materials for Li-ion and Na-
ion batteries. It was found that both raw and purified graphites exhibit good electrochemical activities with respect to lithium
and sodium ions through completely different reaction mechanisms. The encouraging results demonstrated in this work suggest
that both raw and graphite concentrates after flotation could be used respectively for stationary and embedded applications.
This strategy would help in developing local electrical storage systems with a significantly low environmental footprint.
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1. Introduction

While some regions of the world are preoccupied
with growing energy consumption, CO, emissions,
and climate change, others are still suffering from the
lack of conventional energy, particularly electricity,
which penalizes their socio-economic development.
This is particularly the case of around 18% of the
world’s population, living mostly in rural areas of
South Asia and Sub-Saharan Africa [1]. Grid exten-
sion to such areas is not usually economically feasi-
ble. However, most of these regions are endowed
with huge renewable energy (solar and/or wind) [2]
as well as minerals resources. Consequently, invest-
ing in the harvesting and control of these energies
would undoubtedly reduce the energy inequality and
promote economic activities necessary for the
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improvement of the living conditions of a significant
portion of populations living in these areas. The inter-
mittence of renewables energies sources, which is
one of the hurdles for their reliability and dispatch-
ability, can be circumvented by the development of
efficient and cost-effective energy conversion and
storage systems. Electrochemical storage, a solution
that has proven itself for embedded systems, may be
adopted in this case provided that affordable materi-
als not requiring expensive and extensive processing
could be used.

Recently, our team (LN2E), evaluated the perfor-
mance of a standalone solar photovoltaic power plant
supplying electricity to the rural village Elkaria in the
province of Essaouira - Morocco [3], where energy
storage was provided by 24 lead-acid batteries. The
choice of this technology for such small systems
(some kWh) in isolated rural site is justified by the
best compromise between performance and cost that
it offers.
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Li-ion batteries are also among the candidate tech-
nologies for storage of clean electricity for such
applications. However, despite their high reversibility
and efficiency, they are still relatively expensive due
to the materials and processes used in their fabrica-
tion. It is therefore very important to make this tech-
nology affordable to low-income populations by
focusing on cost effective and naturally occurring
materials that require only minimal physicochemical
treatments.

Graphitic carbon is the most commonly used anode
material in today’s commercial lithium-ion batteries
[4,5]. In fact, various forms of both synthetic and nat-
ural graphite have proven to be excellent lithium
intercalation compounds [4,6]. Graphite has a theo-
retical specific capacity of 372 mAh/g [7], and
depending on its type it can sustain a practical spe-
cific capacity more than 360 mAh/g [8]; which is
close to theoretical limit. It also exhibits a low flat
potential profile versus lithium and a good charge-
discharge cycle stability which is considered to be
one of the most important criteria for reliable and
long-lived lithium-ion batteries [9,10].

On the other hand, despite its great success for Li-
ion batteries, graphite exhibits a lower specific capac-
ity when used as a Na-ion battery anode, because of
its inability to form stable compounds with sodium
[11,12]. However, Jache et al. discovered a new
approach were graphite is capable of Na insertion and
extraction via co-intercalation process with diglyme-
based (diethylene glycol dimethyl ether) electrolytes
[13]. This mechanism results in stage 1 ternary com-
pound exhibiting excellent reversibility and superior
cycle-life with a capacity close to 100 mAh/g. Subse-
quently, Kim et al reported a Na*-solvent co-interca-
lation behavior in natural graphite using ether-based
electrolyte [14].

The characteristics of synthetic graphite can be tai-
lored in the manufacturing process making it the best
choice for mobile applications. However, its cost is
prohibitive for large-scale use such as in stationary
storage infrastructures. As a consequence, natural
graphite has emerged as an attractive alternative
because of its low cost and its wide availability
across the world. However, natural graphite requires
beneficiation for obtaining desired grade for various
end-uses. Various techniques can be applied to
improve graphite grade including physical, chemical
and thermal methods [15]. However, Because of nat-

ural hydrophobicity of graphite, flotation is the most
used technique for its beneficiation [15]. In fact, a
survey of literature indicates that graphite was the
first mineral to be concentrated by flotation by Bessel
Brothers in 1877 [15]. Thereafter, considerable
advances in flotation were performed making it the
economically competitive process to enrich mineral
even low grade ore considered as waste [16]. It is
thus not surprising that billions of tons of ore are ben-
eficiated trough this technique annually. Further-
more, about 95% of the base metal produced are
treated by flotation process [16]. Surprisingly, only a
few studies focused on the purification and electro-
chemical performance of natural graphite in its raw
and purified forms in the field of secondary batteries
especially without the need of applying costly and
time consuming purification methods. Most recently
natural graphite was cycled vs. Li before using them
as a source of graphene with a reversible capacity
less than 200 mAh/g. The aim of this work is to study
the possibility of making an electrochemical storage
system from abundant and inexpensive minerals in
Morocco. To this end, the electrochemical perfor-
mances of naturally abundant graphite from an open-
cast Moroccan mine as an anode material for Li-ion
and Na-ion batteries were evaluated. This material is
studied in its raw state and after a purification process
using clean and low-cost process combining ball
milling and flotation separation. To our knowledge,
Moroccan natural graphite has never been studied in
the field of secondary batteries. This abundant natural
resource could potentially participate in a suitable
development of the local economy. Moreover, Li/Na-
ion technologies based on cheap materials are in line
with the Moroccan strategy aiming at developing sta-
tionary storage systems for locally produced the
green energy [24]. It is also important to note that this
approach can contribute to reduce the negative
impact on environment of the pollution due to aban-
doned mining sites as evidenced in recent studies
[25,26].

2. Experimental

Samples of Moroccan natural graphite were
obtained from the abandoned Sidi Bou Othmane
open-cast mine located 33 kilometers north of Mar-
rakesh city (Morocco). This region was also oper-
ated for Pb, Zn, and pyrite extraction until 1980 [27].
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Fig. 1. Simplified scheme illustrating the purification
process of natural graphite.

Successive processes were carried out to purify
these natural samples (Fig. 1). First, the samples were
crushed and sieved in order to obtain powders with
uniform grain size. Subsequently, the powders were
subjected to wet grinding in a ball mill for 10 min-
utes. The first flotation purification process was then
performed in a 5 liters cell. The froth flotation pro-
cess used here is a simplified form of the method
reported by Vasumathi et al. [22]. Tap water and a
few drops of commercial grade MIBC (Methyl
Isobutyl Carbinol) frother were used. As a result, the
hydrophobicity of graphite and its low density com-
pared to other metallic impurities enables its separa-
tion and collection from the top of the flotation cell
(Fig. 1). The floatation residue is collected and stored
for further characterization.

The chemical composition of the graphite at each
step were determined by using X-ray fluorescence
(PANalytical AXIOS max). All the concentrations

given below are in wt%. X-ray diffraction (XRD)
analysis was performed using an X’Pert diffractome-
ter (PANalytical) to identify the main crystalline
phases of the raw and purified graphite. Scanning
electron microscopy (SEM) coupled with energy-dis-
persive X-ray spectroscopy (EDS) analysis (Samx
machine) where used to examine the morphology and
the elemental composition of the obtained powders.

Raman spectroscopy was carried out using a green
laser at 532 nm. The thermogravimetric analysis
(TGA) was performed under air with a heating rate of
5°C/minute from 20 to 950°C. The specific area was
determined by nitrogen adsorption/desorption
method at 77 K using a Quantachrome apparatus
(QUADRASORB Evo). The specific surface was
obtained by applying the Brunauer, Emmett, Teller
(BET) model.

Electrochemical characterization of the raw graph-
ite and its concentrate were performed on CR2032
coin-type cells at 25°C. The working electrode was
prepared using a mixture of graphite powder, super-
conductive carbon (carbon black), and polyvi-
nylidene difluoride (PVDF) as a binder with a weight
ratio of 70:22:8 respectively. The mixture was ball
milled with N-Methyl-2-pyrrolidone (NMP) to form
the slurry which was cast on copper foils and dried
under vacuum at 80°C overnight. The final mass
loading of the active material on the electrode was
almost the same between raw graphite and its con-
centrate (1.5 to 2 mg.cm™). For sodium-ion batteries
PVDF, NMP and copper foil were substituted with
carboxymethylcellulose (CMC), distilled water and
an aluminum foil respectively.

The coin cells were assembled inside an argon-
filled glove box using lithium or sodium foils as
counter electrodes and a borosilicate glass microfi-
ber sheet (Whattman) as a separator. The organic
electrolyte used was made by dissolving LiPF4 (1M )
in a (1 : 1% wt) solution of ethylene carbonate (EC)
and dimethyl carbonate (DMC) then 5% fluoroeth-
ylene carbonate (FEC) was added as an additive for
lithium-ion batteries. Whereas for sodium-ion batter-
ies, the organic electrolyte was composed of 1M
NaPFg dissolved in diglyme.

Cyclic voltammetry (CV) was conducted with a
25 uV-s'! scanning rate and the potential was
recorded versus Li/Li+ starting from the open-circuit
voltage (ranging from 2.6 to 3 V) and ending at
0.02 V. The cut-off voltages for constant current



Noureddine Ait Laziz et al. / J. Electrochem. Sci. Technol., 2018, 9(4), 320-329 323

charge/discharge were respectively 2 V/ 0.02 V for
lithium and 2 V/0.005 V for sodium-ion batteries. All
electrochemical tests were conducted on a multichan-
nel potentiostat, VMP (BioLogic). Specific capacity
and gravimetric current are reported with respect to
the active mass of the active materials (raw and
graphite concentrate) in the electrodes.

3. Results and Discussion

3.1. Physical and chemical analyses

The average chemical compositions of raw and
purified graphite obtained by X-ray fluorescence are
given in Table 1 (Elements with less than 0.1% con-
centrations were neglected). This simple purification
process enhanced the purity of the samples from
55.2% to 85%. The increase of carbon content is
accompanied with a net decrease of the other chemi-
cal elements (O, Ca, Si, Al) which are associated to
graphitic carbon as impurities. It is worth noting that
the studied graphite does not contain any heavy or
toxic metals; the heaviest detected metal is iron.
Therefore, the flotation residues are composed of
non-toxic materials.

The results of the XRF analysis were further con-
firmed by TGA measurements (Fig. 2), The weight
loss of the samples could be attributed to the reaction

Table 1. Chemical composition (wt %) of raw graphite and
graphite concentrate after flotation obtained by X-ray
Fluorescence (XRF).

C O Ca Si Fe Al Mg
Raw Graphite (wt%) 552 245 84 7.5 13 1.7 0.8
After Flotation (wt%) 84.8 7.67 1.7 2.7 1.7 03 0.6

Raw Graphite (x3000)

of carbon with oxygen leading to the release of CO,:
The results revealed a carbon content of 50% and
86% for the raw and the flotation concentrate sam-
ples respectively. The minor increase in mass
observed below 400°C is mainly attributed to the
reaction of some elements with oxygen.

Fig. 3 (a-b) show SEM images of raw and concen-
trate graphite agglomerates. EDS elemental qualita-
tive analysis of the raw graphite powder shows
regions with a mixture of carbon and silicon impuri-
ties and small peaks corresponding to aluminum and
magnesium. In contrast to raw graphite, traces of cal-
cium and iron were present in the graphite concen-
trate. Their absence in raw graphite EDS can be
attributed to the random sampling and zone selection.

Fig. 4 represents Raman spectra of raw graphite
and graphite concentrate respectively. Raman spec-
tra provide a direct evaluation of the graphitization

1 1 1 1 1
100 - ———
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° —— After flotation
:\_‘ 60 - — Raw graphite
£
(=)
°
= 40
20
0 T T T T T
0 200 400 600 800 1000

Temperature °C

Fig. 2. TGA analyses of raw graphite (Black line) and
flotation concentrate (Red line) under air.

kev

Fig. 3. SEM images of raw graphite powder (a) and Graphite concentrate powder (b) with EDS analysis for two spots (1

and 2) shown in the images.
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degree of carbonaceous materials using the intensity
ratio of the D (1340 cm™) and G bands (around 1575
cm™) [28]. The low-intensity ratios (I/Ig= 0.19 and
0.15 respectively for raw and concentrated graphite)
indicates a high degree of graphitization. The
decrease of the Ip/I; after flotation suggests a partial
removal of small and less graphitized carbon parti-
cles not liberated from the gangue in the ball milling
operation. Raw graphite spectra showed additional

B —— After flotation G 1

: Quartz
: Calcite
: Almandin

=]

+ >

[ [—Rawgraphite]] o

Intensity (a.u)

1 1
0 250 500 750 1000 1250 1500 1750 2000

Raman shift (cm”)

Fig. 4. Raman spectra of raw graphite (bottom) and
concentrate graphite (top).

bands that can be attributed to the presence of impuri-
ties, which are mostly quartz, with Raman shift peaks
at 134, 172, 272 (strong), and 508 cm™' [29,30],
almandine at 239, 367 (strong), 541, 818 and 874 cm™!
(very strong) [31], and finally calcite at 272 (strong),
and 1080 cm™ (very strong) [32]. Nevertheless, after
flotation, these impurity peaks have significantly
diminished, therefore evidencing the high efficiency
of the floatation treatment.

Fig. 5, shows the X-ray diffraction patterns of raw
graphite and flotation concentrate. In the case of raw
natural graphite, in addition to the graphite peaks (G)
occurring at around 26.48°, the most intense diffrac-
tion peaks indicated with (x) are attributed to the cal-
cite CaCOj;. Quartz and almandine phase
Ca;Al; 6Fey 4(Si0,); indicated with (o) and (+) respec-
tively can also be easily distinguished. It is worth not-
ing that the diffraction intensities are not only
proportional to the phase content, but also to the elec-
tronic density, which is very high in the case of heavy
elements compared to carbon. This explains, for exam-
ple, the high intensity of almandine and calcite peaks
compared to graphite ones. After flotation, the charac-
teristic peaks of graphite occurring at 26.48° becomes
clearly more intense suggesting the drastic decrease of
the amount impurities, especially calcite and alman-
dine. The efficiency of flotation for calcite and alman-
dine removal is a consequence of the synergistic effect
of their high densities (4.31 g/cm® and 2.71 g/cm?®
respectively), compared to graphite (2.26 g/cm?), and
the hydrophobicity difference of the materials.

+ % o o |

: Graphite —— After flotation

: Quartz 1
: Calcite

: Almandin 1

Intensity (a.u)

2 Theta (Degree)

Fig. 5. XRD patterns of raw graphite (bottom) and concentrate graphite (top). (Cu-Ka)
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Fig. 6. Cyclic voltammetry of raw graphite (black) and concentrate (red) vs. Li. In the (a) 1% cycle and (b) 3 cycle. Insets

give zooms on the graphite reaction voltage range.

The specific surface area analysis of graphite in its
raw and flotation concentrate forms were carried out
via nitrogen adsorption/desorption. The specific sur-
face area determined from the BET model increases
from 10.4 to 16.6 m*/g after flotation. These values,
of high significance for electrochemical perfor-
mance, are in the range of reported data for both nat-
ural and synthetic graphite [4].

3.2. Electrochemical performance

Cyclic voltammetry (CV) measurements vs. lith-
ium during the first and third cycle, are shown in fig.
(6-a, b) for raw and concentrated graphite. The gen-
eral shape of the voltammograms for both raw graph-
ite and flotation concentrate are similar to the
reported data [33]. During the first lithiation; a broad
reduction peak is observed in the voltage region of
1.7 V to 1.075 V. This peak is attributed to the SEI
(solid electrolyte interphase) formation mainly as a
result of electrolyte decomposition [33]. The lithium
intercalation reaction starts from 0.25 V vs. Li, in
accordance with previous studies [21]. During the
first cycle, only three graphite lithiation reactions are
evident during the back scan of the voltage for raw
graphite (stage III (I2) is not evident), whereas the
flotation concentrates show all the four expected
reactions. These peaks correspond to the following
reactions: stage IV (I1) reaction yielding LiC,4, stage
IIT (I2) reaction yielding LiC,g, stage II (I3) reaction
yielding LiC; and stage I (I4) yielding fully interca-
lated graphite with LiCg [34]. Fig. 6-b shows the 3™

CV cycle where it can be clearly seen that the previ-
ously observed reduction peaks between 1.70 V and
1.075 V in Fig. 6-a have drastically decreased for raw
graphite and almost disappeared for graphite concen-
trate. This observation indicates that the SEI layer
formation took place mainly during the first CV
cycle. Furthermore, at a low potential, as expected,
the different stages of lithium intercalation desig-
nated as (I1, 12, 13, and 14) are evident in both elec-
trodes. It is worth noting that after flotation, the
gravimetric current is much higher than for raw
graphite suggesting a higher rate of lithiation in the
graphite lattice. This can be attributed to a higher gra-
phitic carbon content of the material after flotation,
which is in perfect agreement with XRD, XRF, SEM,
TGA and Raman observations.

Both samples were cycled at a current density rate
of C/20. The gravimetric current during the charge/
discharge experiment was calculated with respect to
the theoretical specific capacity of graphite vs. lith-
ium (372 mAh/g). As shown in Fig. 7-a, during the
first electrode lithiation, there is a significant contri-
bution of the electrolyte reduction on the delivered
capacities between open-circuit voltage and 0.2 V.
The graphite lithiation occurs in the voltage range
extending from 0.2 V to 0.02 V vs. Li. The results
show that graphite concentrate has a higher reversible
capacity compared to raw graphite. Raw graphite
attained a maximum reversible capacity of 150 mAh/g,
whereas after flotation this capacity was doubled
reaching about 300 mAh/g. This difference in revers-
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Fig. 7. Galvanostatic profiles of raw (black) and concentrate (red) graphite vs. Li at a current density rate of C/20. (a) First

cycles and (b) Second cycles.

C/20 c/10 Ci5 Ci4 ci2 1c 2Cc C/20
350 ; : - ) ; i “1 100
' ' ' o Afterflotation Discharge| 14°<;/UEEEBHH!EBEEEEHEEHH!!!!!!!!!!!!!!!!!!!!
s001%. | (a) ®  After flotation charge (b) —0— CE Raw graphite
& '-Eiﬁi uig ' | © Raw graphite Discharge 120 4 —a&— CE After flotation x
2 : “ii.a.“; ® Raw graphite Charge ;5 N 75 =
g 250 - i ‘MgggRu v J . ‘E " 3
H H G 100 e80eseesns sone =
£ L - lltco.'oolls‘:‘:::::::;::o.oon >
2 200 P < >
£ Co c
%) ! . © 804 ) : 3 o
g_ °°o : i : [ = ® Capacity retention Raw graphite 50 ]
3 150 ...::: 8999991 H . i E’ 60 ¢ Capacity retention After flotation E’
hr 5 [989sew igeuees | g, 8| § L
S 100 : ' %ay,! *f |8 5
:',' : ; Maen®s | O T L25 _g
RO ' 3
50 4 ik Fesere. 20 8
0 — U T T : 0 T T T -0
0 10 20 30 40 50 0 10 20 30 40

Cycle number

Cycle number

Fig. 8. (a) Rate capabilities for raw (black) and concentrated graphite (red). (b) Capacity retention (%) and coulombic

efficiency at C/5 vs. Li.

ible capacity can be attributed to the differences in
inactive materials contents, particle size and the spe-
cific surface area as it was previously evidenced by
XRD, SEM and BET analyses.

In the second charge/discharge cycles depicted in
Fig. 7-b, both samples show similar behavior as
reduction occurs from 2 V to 0.2 V during the lithia-
tion, yielding a specific capacity of 77 mAh/g for raw
graphite and 96 mAh/g for graphite concentrate. This
“high voltage” capacity is recovered during the fol-
lowing discharge cycles. Furthermore, the potential
range, as well as the sloping voltage profile of the
charge/discharge curve between 2 and 0.2 V, could
indicate that this capacity is not due to lithium inter-
calation in graphitic carbon. The existence of amor-
phous/disordered carbon or more generally non-

graphitized carbon may explain this sloping charge/
discharge profile between 2 V and 0.02 V contrasting
with the typical steeper slopes of charge/discharge
curves of graphite [35]. Similar high voltage charge/
discharge profiles are usually observed for non-gra-
phitic carbon materials [36]. In raw graphite, the total
charge capacity in the second cycle reached
145 mAh/g and 291 mAh/g for graphite concentrate.
As a conclusion, flotation was able to considerably
reduce impurities and allow more graphitic carbon to
be exposed to lithiation and de-lithiation.
Electrochemical rate capabilities at C/20, C/10, C/
5, C/4,C/2, 1C, and 2C are shown in Fig. 8-a. In both
samples, a small fading in capacity was observed
when the C-rate was varied from C/20 to C/4. The
capacity fading becomes more significant as the bat-
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tery undergoes faster cycling regimes (from C/2 to
2C). Furthermore, for both materials, the capacity is
recovered when cycling again at the C/20 rate. This
indicates that the capacity losses are attributed to the
kinetics of the reactions and not to degradation of the
materials. It is also worth noting that for raw graph-
ite, the stabilization and the complete formation of
the SEI layer take place around the 15th cycle, where
irreversibility was diminished. Whereas, stabiliza-
tion and complete formation of the SEI layer for
graphite concentrate took place earlier on the 6
cycle. This can be explained by the decreased amount
of impurity that likely delays the formation of a
homogenous SEI. Stability tests were performed
under constant charging/discharging current and the
results are depicted in Fig. 8-b. For raw graphite, an
acceptable capacity retention and an average C/C, (C
is charge capacity for a given cycle, and C, is charge
capacity of the second cycle) reaching 0.94 was
obtained after 40 cycles. In addition, stable cycling
was noticed with a reasonable coulombic efficiency
0f 98.3%. For graphite concentrate, a higher capacity
and increased stability and efficiency were noticed,
C/C0 = 0.98 and a coulombic efficiency of to 99.7%.
Nevertheless, a serious limitation that needs to be
tackled of both raw and concentrated graphite is the
low coulombic efficiency during the first 15 cycles.
A preliminary study aiming to evaluate the electro-
chemical activity of our materials vs. sodium was
also conducted. Fig. 9, shows the galvanostatic pro-
files for raw graphite and concentrate, using diglyme
electrolyte containing NaPF¢ (1M) salt. The first
sodiation profiles show similar shapes but different
capacities. During the first sodiation (Fig. 9-a), raw
graphite delivered a capacity of around 180 mAh/g,
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Fig. 10. Cycling stability of natural graphite (Raw and
concentrate graphite) vs. Na.

while graphite concentrate reached values of around
351 mAh/g. Desodiation capacities of ~110 mAh/g
and ~180 mAh/g were obtained for raw graphite and
graphite concentrate respectively.

During the second galvanostatic cycle of Fig. 9-b, raw
graphite shows a sodiation capacity of ~118 mAh/g and
a desodiation capacity of ~105 mAh/g, while graphite
concentrate shows a sodiation capacity of ~196 mAh/
g and a desodiation capacity of ~174 mAh/g. The lat-
ter value is significantly higher than those found by
Jache et al. (100 mAh/g) [13] and Kajita et al.
(110 mAh/g) [37]. It is worth noting that the loss of
capacity between the charge and discharge is mainly
attributed to the continuous electrolyte reduction
during the second cycle.

Cycling stability vs. Na of raw and concentrate
materials was investigated at cycling rate of C/20 as
shown in Fig. 10, both raw and concentrate graphite
exhibit good cycling stability with coulombic effi-
ciencies approaching 100% after 15 cycles. Further-
more, raw graphite provides a capacity close to
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95 mAh/g after 50 cycles, while concentrate graphite
provides a capacity close to 150 mAh/g after 300
cycles with very low capacity decay rate of 0.02%
per cycle from the 15th cycle to 300th cycle. The
excellent cycle stability of raw and concentrate
graphite suggests that although the presence of impu-
rities limits the specific capacity it does not signifi-
cantly affect the cycle life of the studied materials.

4. Conclusions

Despite the presence of some impurities in the raw
Moroccan natural graphite, this primary electrochem-
ical evaluation reveals its good electrochemical capa-
bilities versus both lithium and sodium. The cycling
stability in both Li and Na half cells seems to not be
significantly affected by the presence of these impu-
rities though it limits the useful specific capacity. The
simple purification process (ball milling and flota-
tion) successfully increased the purity of the raw
graphite from 55% to 85%. Relatively good stability
at fast cycling rates was achieved with a room of
improvement by optimizing the ball milling and the
flotation processes.

The possibility of a commercial valorization could
be achieved depending on the intended use. The raw
natural graphite could be used for stationary electro-
chemical storage of the locally produced electrical
energy (stationary system) whereas the purified
graphite can be used for embedded applications as
advanced chemical/physical treatments are required
to further improve its quality. This approach can be
completed if the widely available Moroccan phos-
phate is used to produce LiFePO, cathode materials.
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