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ABSTRACT: Lithjum-ion batteries (LIBs) are currently dominating the
portable electronics market and supplying power for electric vehicles and grid-
level storage. However, lithium loss in the formation cycle at the anode side
reduces the energy density of state-of-the-art LIBs with carbon anode materials.
This situation will be even more severe for future LIBs using high-capacity Si-
based anode materials. In this study, a transition metal-based nanocomposite
with built-in lithium source was synthesized, featuring Fe nanodomains with a
size of ~5 nm uniformly dispersed in a hybrid Li,O and LiF matrix with intimate
contact between them. The Fe/LiF/Li,O nanocomposite released a high Li-ion
capacity of 550 mA h/g based on a multielectron inverse conversion reaction
during the first-cycle charge process and exhibited better ambient stability than
the counterpart with a pure Li,O matrix and also a lower lithium-extraction
voltage and faster reaction kinetics than the counterpart with a pure LiF matrix.
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Serving as an additive to various cathodes (e.g,, LiCoO,, LiFePO,, and LiNil,x,yCoanyOZ), the Fe/LiF/Li,O nanocomposite
showed excellent lithium compensation effect. Using 4.8 wt % Fe/LiF/Li,O additive based on the total mass of the electrodes, a
LiNiy§Coy,;Mng;0,ISiO-graphite full cell with a high cathode mass loading of 20 mg/cm? exhibited a high reversible capacity of
2.9 mA h/cm? at 0.5 C after 100 cycles which is a 15% increase in comparison to the counterpart without the prelithiation
additive. After the Fe/LiF/Li,O nanocomposite was immersed into the electrolyte and rested for 72 h, the content of iron metal
in the electrolyte was negligible, indicating that this prelithiation additive was stable in the electrolyte and would not cause any
side reactions, such as the shuttle of iron ions during cycling. The high “donor” Li-ion capacity, good ambient stability, and its
compatibility with existing cathode materials and battery fabrication processes make the Fe/LiF/Li,O nanocomposite a
promising cathode prelithiation additive to offset the initial lithium loss and improve the energy density of LIBs.
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I ithium-ion batteries (LIBs) have dominated the market of
portable electronics and are extending their applications
to electric vehicles and grid-level energy storage.l_5 However,

compensating for the initial lithium loss and also increasing the
energy density of LIBs.
Various prelithiation approaches have been explored to date,

conventional LIBs with a carbon anode and a transition metal
oxide cathode cannot meet the fast increasing demand of
energy density for various applications. Until now, much
attention has been paid to the development of new high-
capacity battery materials (e.g, sulfur cathode, O, cathode, Si
anode, and Li metal anode).®™"? Although there is still a long
time for the success of these new battery chemistries, the effect
of improving current battery systems is more achievable in the
near future. In conventional LIBs, lithium ions stored in the
cathode transfer to the anode in the initial charging process,
accompanied by the formation of a solid electrolyte interphase
(SEI) on the anode surface.">'* This process irreversibly
consumes part of active lithium and reduces the capacity and
energy density of batteries. Prelithiation can introduce extra
active lithium into battery systems and is highly promising in
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including electrochemical prelithiation, chemical prelithiation,
and using prelithiation additives for electrodes."”™"” The
prelithiation additives can be added to the negative or positive
electrode and thus are potentially compatible with the
industrial battery fabrication technology.'®'” Some representa-
tive anode prelithiation materials, such as stabilized lithium
metal powders,””*" lithium silicide nanoparticles,”* and
Li, 4Coy4N,” exhibit high “donor” Li-ion specific capacity
and are promising in eliminating the initial active lithium loss
in LIBs. However, these anode prelithiation materials show
high chemical reactivity with the existing polar solvents [e.g,,
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Figure 1. (a) Comparison of the chemical stability between Fe/LiF/Li,O and Fe/Li,O nanocomposites in the ambient air. (b) Calculated reaction
Gibbs free energy of Li,O and LiF reacting with H,O and CO, by thermodynamic method. (c) Typical charge curves of Fe/LiF, Fe/LiF/Li,O, and
Fe/Li,O nanocomposites prepared using electrochemical lithiation using Fe,O;, FeOF, and FeF;.
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Figure 2. XRD pattern of (a) Fe/LiF/Li,O. (b) XPS profile of as prepared Fe/LiF/Li,O nanocomposites. (c) STEM image of Fe/LiF/Li,O. (d,e)
HRTEM images of Fe/LiF/Li,0. (f—i) Elemental EDX maps of Fe/LiF/Li,0.

N-methyl-2-pyrrolidone (NMP) and water] for battery slurry
preparation and are not stable in ambient conditions, which
seriously impede their real applications in battery industry.
Compared to anode prelithiation materials, cathode
prelithiation materials exhibit higher open circuit voltage
(e.g, >1 V) and better stability in ambient atmosphere.
Moreover, some cathode prelithiation additives often have
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much better compatibility with NMP, the mostly widely used
solvent in cathode slurry preparation, making them practical in
the battery industry.”** Lithium rich materials, such as
Li,NiO,***” and LigCo0O,,”* have been widely investigated as
cathode prelithiation additives. However, their application is
restricted by their low capacities (300-400 mA h/g).
Sacrificial lithium salts, including Li,C,O,, LiC,0,, Li,C;0s,
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Figure 3. (a) Schematic illustration of Fe/LiF/Li,O nanocomposite exposed to the ambient air. XRD patterns of Fe/LiF/Li,O nanocomposites
after NMP-solvent treatment (b) and storage in the ambient atmosphere (20% humidity) (c) for different time. (d) Initial charge—discharge curves
of Fe/LiF/Li,O at a current density of 25 mA/g. Initial charge curve of (e) the Fe/LiF/Li,O and (f) Fe/Li,O nanocomposite after storage in the
ambient atmosphere (20% humidity) for different times. The current density is 25 mA/g.

and Li,C,04°" deliver relatively higher specific capacities
(300—600 mA h/g). However, undesired gases would be
produced, accompanied by their decomposition.”"™** In our
previous work, conversion reaction-based prelithiation reagents
including M (M = Fe, Co, or Ni)/Li,O, M/LiF, and M/Li,S
composite have been explored and these additives can release
high Li-ion capacities (e.g, >500 mA h/g) without gas
products during the Li-ion extraction process.””*> However,
Li,S is highly toxic and reactive with trace H,O in the ambient
air, which makes M/Li,S composite impractical for industrial
application. With better stability than Li,S, Li,O is still
hygroscopic and it easily reacts with humidity in the ambient
air to form LiIOH (AG = —0.31S eV, Figure lab). The
formation of LiOH reduces the “donor” Li-ion capacity of M/
Li,O composite and its alkalinity may easily lead to the failure
of slurry preparation. In contrast, LiF is an ambient-stable
compound. The calculated Gibbs free energy change of LiF
reactions with H,O and CO, indicate that LiF has much better
resistance to H,O and CO, than Li,O (Figure la,b). Thus, M/
LiF composites are stable in ambient conditions and
compatible with the existing positive electrode fabrication
process. However, due to the low electronic conductivity of
MF, and high ionicity of M—F bonding,* the conversion
reactions of MF, have slow kinetics and high reaction voltage,
which may lead to low practical “donor” Li-ion capacities of
M/LiF composites in the charge cutoff voltage of current oxide
and phosphate cathodes (<4.3 V vs Li*/Li). On the other
hand, high Li-ion capacity can be easily extracted from M/Li,O
composite in the charge cutoff voltage of the widely used
cathodes due to the low ionicity of M—O bonding and
relatively higher electronic conductivity of MO, (Figure 1c).>¢

In this work, to achieve good stability and high “donor” Li-
ion capacities of conversion reaction-based prelithiation
materials, a Fe/LiF/Li,O nanocomposite with built-in Li,O
and LiF has been prepared. Fe, Li,O, and LiF nanodomains
with the size of ~5 nm were uniformly dispersed in the
composite and contacted with each other closely. The
introduction of both LiF and Li,O could make a trade-off
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between the stability and “donor” lithium-ion capacity. As
expected, the Fe/LiF/Li,O nanocomposite exhibited a high
specific capacity of 550 mA h/g in the initial charge process.
Importantly, such prelithiation additive showed good compat-
ibility with existing battery fabrication process. The Fe/LiF/
Li,O nanocomposite was successfully applied to various
cathodes, including LiCoO,, LiFePO, and Li-
Niy6Co0¢,Mng,0,. Impressively, 15% increase in reversible
capacity was achieved for a LiNiy3Coq;Mng;0,ISiO-graphite
full cell with high cathode mass loading (20 mg/cm?) using 4.8
wt % such additive.

Results and Discussions. The Fe/LiF/Li,O nanocompo-
sites were synthesized through the reaction between the as-
prepared FeOF powder (Figures S1 and S2) and molten
metallic lithium in an argon atmosphere. During the synthesis,
FeOF gradually reacted with molten lithium to produce the
Fe/LiF/Li,O nanocomposite (FeOF + 3Li — Li,O + LiF +
Fe) under stirring (Figure S3). After the reaction, a black
powder was achieved. As shown in Figure 2a, the XRD
diffraction peaks of the product were ascribed to Fe (JCPDS
87-0722), Li,O (JCPDS 73-0593), and LiF (JCPDS 78-1217),
respectively. None of the characteristic peaks of FeOF were
observed, indicating that FeOF was completely transformed to
Fe, Li, O, and LiF. The low intensity and significant broadening
of these peaks indicated the low crystallinity and small
crystallite size of the Fe, Li,O, and LiF nanoparticles. SEM
results showed the irregular secondary particles of the Fe/LiF/
Li,O nanocomposite with particle size ranged from 1 to 10 ym
(Figure S4). The large particle size of the nanocomposite leads
to a low accessible surface area to the ambient environment,
which is beneficial for improving the ambient stability.
Information about the composition and the surface electronic
state of the as-achieved Fe/LiF/Li,O composite were obtained
by XPS measurement (Figure 2b and Figure S5). Signals of Fe,
O, F, and Li elements were observed in the survey XPS
spectrum of the product, suggesting the existence of these
elements in the nanocomposite. The high-resolution Fe 2p
XPS spectrum revealed a doublet at 709.7 eV for Fe 2p;,, and
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723.2 eV for Fe 2p, P due to the partial surface oxidation of
iron nanoparticles.”””" Li 1s peak was located at 55.1 eV in the
high-resolution Li 1s spectrum and F 1s peak was centered at
684.5 eV in the high-resolution F 1s spectrum, indicating the
existence of LiF. An O 1s peak was observed at 531.3 eV,
which mainly arose from Li,O. These results verified the
existence of Fe, Li,O, and LiF in the nanocomposite. TEM and
STEM images were performed to further investigate the
microstructure of the as-achieved Fe/LiF/Li,O nanocomposite
(Figure 2c—i). Clear dark/light contrast was observed in the
STEM image due to the difference of atomic mass (Figure 2c).
Bright dots with the size of ~5 nm were uniformly dispersed in
the observed area of the nanocomposite, which arose from the
heavy Fe element, corresponding to Fe nanoparticles. The dark
area in the STEM corresponded to the Li,O and LiF. Intimate
contact between the Fe, LiF, and Li,O nanoparticles was
verified. The uniform composite structure was also shown
under TEM (Figure 2d). HRTEM result further provided
detailed information on the components in the nano-
composite. Clear lattice fringes with spacings of 0.2 nm, 0.2
nm, and 0.23 nm were observed, which were ascribed to Fe
(110), LiF (200), and Li,O (200), respectively. The average
size of the Fe nanoparticles embedded in LiF/Li,O matrix was
~$ nm (Figure 2e and Figure S6). The ultrafine particle size of
the LiF, Li,O, and Fe and their close contact are beneficial for
improving the Li-extraction kinetics during the electrochemical
charging process and providing high lithium-ion capacity.
Furthermore, the EDX elemental mapping revealed that the
elements of Fe, Li, F, and O were evenly dispersed, suggesting
the uniform structure of Fe/LiF/Li,O nanocomposite again.

To investigate the compatibility of Fe/LiF/Li,O nano-
composite with industrial cathode processing using a polar
NMP solvent, the Fe/LiF/Li,O nanocomposite was dispersed
in NMP and rested for 10 min. The composition and phase
information were investigated after the treatment. The XRD
pattern showed same peak positions and similar intensity for
the as-treated Fe/LiF/Li,O nanocomposite in comparison to
the fresh sample (Figure 3b), suggesting the good stability of
the Fe/LiF/Li,O in the polar NMP solvent. On the other
hand, to measure the ambient stability, the as-prepared Fe/
LiF/Li,O nanocomposite was rested in air with 20% humidity
for different time (12, 24, and 48 h), which was much higher
than the value in dry rooms for industrial electrode fabrication.
Even after 48 h, the Fe/LiF/Li,O nanocomposite remained
stable according to the XRD result, indicating slow reaction
with humidity under the test condition (Figure 3c). Due to the
good compatibility with the NMP solvent and stability in
ambient condition, the as-prepared Fe/LiF/Li,O nanocompo-
site is potentially compatible with the current positive
electrode fabrication process.

For the application of the Fe/LiF/Li,O nanocomposite as a
prelithiation reagent in battery industry, it is necessary to
measure the stability of the Fe contained within the Fe/LiF/
Li,O nanocomposite in the liquid electrolyte. This is because
the dissolution of Fe in the electrolyte would result in low
Coulombic efficiency, capacity decay of LIBs and even safety
concerns.” To investigate the dissolubility of the Fe of the
nanocomposite in electrolytes, Fe/LiF/Li,O composite
powder was dispersed in a widely used commercial
carbonate-based electrolyte. After 72 h, the electrolyte filtrate
was collected and evaporated. The residue was dissolved by
nitric acid for the measurement of inductively coupled plasma
mass spectrometry (ICP-MS). The result in Table S1 showed
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that the Fe ions in the sample and the control were both at the
low ppb level with similar values, indicating the good chemical
stability of the Fe/LiF/Li,O nanocomposite in the carbonate
electrolyte.

To investigate the “donor” Li-ion capacity of the Fe/LiF/
Li,O nanocomposite, the Fe/LiF/Li,O electrode was success-
fully prepared using the regular positive electrode fabrication
process. The galvanostatic charge/discharge measurement of
the Fe/LiF/Li,O electrode was performed with the charge
cutoff voltage of 4.4 V and discharge cutoff voltage of 2.5 V
(Figure 3d). Two voltage slopes were observed during the
charging process due to the complex lithium extraction
reactions of the Fe/LiF/Li,O electrode. The first voltage
slope started from 3.1 V with the capacity contribution of 260
mA h/g. This voltage slope mainly arose from the inverse
conversion reaction of Fe/Li,O because of the faster reaction
kinetics between Fe and Li,O. The second voltage slope was
located between 3.8—4.1 V, which was mainly contributed by
the conversion reaction from Fe/LiF to FeF;. The product
after delithiation was investigated using TEM. Uniform
nanoparticles with lattice fringes corresponding to Fe,O; and
FeF; were observed (Figure S7). Moreover, the existence of
Fe,0; and FeF; in the delithiated product was also confirmed
by XPS measurement (Figure S8). These results indicated the
inverse conversion reaction mechanism (3Fe + 3LiF + 3Li,O
— Fe,0; + FeF; + 9Li* + 9¢7) for the Fe/LiF/Li,O product
during the delithiation process. The extracted Li-ion capacity
reached 550 mA h/g during the first-cycle charge process with
the cutoff voltage of 4.4 V. Because of the large voltage
hysteresis of the conversion reaction, the lithiation voltage of
the as-achieved prelithiated material was much lower than the
cutoff voltage of the existing cathodes (Figure S9). With a
cutoff voltage of 2.5 V, the electrode exhibited a low discharge
capacity of 23 mA h/g (Figure 3d). Thus, the “donor” Li-ion
capacity of the Fe/LiF/Li,O prelithiation material was as high
as 527 mA h/g. These results indicate that the as-achieved Fe/
LiF/Li,O nanocomposite is not relithiated before the cutoff
discharge voltage of the cathodes and thus functions only as a
high-efliciency prelithiation additive material within the voltage
window to compensate for the initial lithium loss in LIBs. As a
comparison, a LiF/Li,O mixture only showed a specific charge
capacity of 6 mA h/g (Figure S10), which is due to the high
decomposition voltage of LiF and Li,O. This investigation
indicated the importance of the introduction of a transition
metal which changed the lithium-extraction reaction mecha-
nism and lowered the lithium-extraction voltage. Moreover, the
overall size of the Fe/LiF/Li,O nanocomposite was slightly
reduced after delithiation (Figure S11). Although the shrinkage
of the particles is inevitable for Fe/LiF/Li,0, it does not cause
the obvious thickness/volume change of the cathode due to its
small amount (usually <5%) and the porous electrode
structure which can buffer the volume change. The electrode
fabrication process of Fe/LiF/Li,O nanocomposite was carried
out here with a regular slurry processing using NMP solvent
and PVDF binder, compatible with the current battery
fabrication process. Thus, the Fe/LiF/Li,O nanocomposite
can be directly introduced to cathodes during their fabrication.
We further investigated the effect of ambient exposure on the
capacity of the Fe/LiF/Li,O electrode. The results showed
that the charge capacity of the Fe/LiF/Li,O electrode faded
slowly with the increase of time exposed to ambient air due to
the slow deliquescence of Li,O in the air. A capacity of 359 mA
h/g was achieved after storage in ambient condition for 48 h
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Figure 4. (a,b) Initial charge—discharge curves and cycling stability of LiNij ¢Co,,Mn,,0, half cells with and without Fe/LiF/Li,O additive. (c—e)
Initial charge—discharge curves and cycling stability of LiNiygCog;Mn,;0,ISiO-graphite full cells with and without Fe/LiF/Li,O additive. The

initial charge/discharge current density is 0.1 C.

which is 65% of the initial value (Figure 3e). As a comparison,
the Fe/Li,O nanocomposite was fabricated through the
reaction between Fe,O; and molten lithium. The Fe/Li,O
electrode maintained only 22% of its initial capacity (127 mA
h/g) after 48 h storage in ambient condition (Figure 3f) due to
the high reaction activity of Li,O to moisture in the air. The
enhanced ambient stability of the Fe/LiF/Li,O nanocomposite
arises from the dense structure of the micrometer-scale
secondary particles which suppresses the penetration of O,
and H,0 into the particles (Figure S4, Figure 2) and ambient
stable LiF which helps to inhibit the attack of H,O and O,.
The lithium compensation effect of the Fe/LiF/Li,O
nanocomposite for various cathodes was further carried out.
The Fe/LiF/Li,O nanocomposite was introduced into
LiNij ¢Coy,Mny,0,, LiCoO,, and LiFePO, electrodes using
a regular slurry casting method. Figure 4a shows the initial
charge curves of LiNij;4Coy,Mn,0, electrode with and
without the Fe/LiF/Li,O additive. The LiNij,¢Coy,Mn,,0,
electrode with 4.8% Fe/LiF/Li,O additive showed slightly
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lower open-circuit voltage (OCV) than the pristine electrode.
During the charge process, the LiNiy4Co,,Mn,,0, electrode
with 4.8% Fe/LiF/Li,O additive exhibited an extended voltage
slope between 2.0—4.25 V in comparison to the pristine
LiNiy4Co(,Mn,,0, electrode due to the extraction of lithium
ions from the Fe/LiF/Li,O nanocomposite. The first-cycle
charge capacity of the LiNi,sCoy,Mn,,0, electrode with 4.8%
additive was 229 mA h/g, which was 31 mA h/g (15.6%)
higher than the pristine LiNiy4Coy,Mn,,0, electrode. This
result indicated that the active lithium in the Fe/LiF/Li,O
nanocomposite was successfully extracted during the first-cycle
charge process. The extracted Li-ion specific capacity from the
Fe/LiF/Li,O additive was as high as 486 mA h/g. Importantly,
the addition of Fe/LiF/Li,O nanocomposite did not cause any
negative effect on the discharge process. The capacity—voltage
plots for the LiNiy¢Co,,Mn,,0, electrodes with and without
the additive overlapped well and released the same discharge
capacity (168 mA h/g). Therefore, a high prelithiation
efficiency can be achieved by using the Fe/LiF/Li,O cathode
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prelithiation reagent. After 100 charge/discharge cycles, 99.1%
capacity retention was achieved for the LiNij4Coy,Mny,0,
electrode with the addition of Fe/LiF/Li,O, which is similar to
the counterpart without the additive (Figure 4b and Table S2).
This result indicated that the Fe/LiF/Li,O had good chemical
stability and compatibility to the LiNi,Co,,Mn,,0, electrode
and did not cause any negative effect on the cycling stability of
the cathode. To show the generality of using the Fe/LiF/Li,O
prelithiation reagent to various cathodes, we investigated the
LiCoO, and LiFePO, cathodes with 4.8% Fe/LiF/Li,O
additive, respectively. The first charge capacities of LiCoO,
and LiFePO, electrodes were 181 and 162 mA h/g,
respectively. With 4.8 wt % Fe/LiF/Li,O additive, their first-
cycle charge capacities increased to 215 mA h/g for the
LiCoO, electrode and 191 mA h/g for the LiFePO, electrode,
which were 34 mA h/g (18.8%) and 29 mA h/g (17.9%)
higher than their counterparts, respectively (Figure S12). On
the basis of the mass of the Fe/LiF/Li,O additive in the
electrodes, the extracted Li-ion capacities were 532 mA h/g
and 470 mA h/g, respectively. All the cathodes with the Fe/
LiF/Li,O additive showed similar reversible discharge
capacities to the pristine cathodes and stable cycling after the
first cycle (Figures S12 and S13), indicating the generality for
using Fe/LiF/Li,O as an effective prelithiation additive. It is
noted that the initial discharge capacities of all the measured
cathodes remain unchanged although their initial charge
capacity increase with the Fe/LiF/Li,O additive. Therefore,
the calculated initial Coulombic efficiency of the cathode with
the Fe/LiF/Li,O additive is reduced in comparison to the
pristine electrode. To verify the effect of the Fe/LiF/Li,O
additive on improving the capacity and energy density of full
cells, full batteries (LiNiygCog;Mng;0,ISiO—graphite) with-
out and with 4.8 wt % Fe/LiF/Li,O additive was fabricated
and their electrochemical performance was evaluated. Initial
charge—discharge curves of the full batteries are shown in
Figure 4c. The LiNiy3Coy ;Mn, ;O, electrode with the Fe/LiF/
Li,O additive delivered an initial charge capacity of 5.1 mA h/
cm? (255 mA h/g) and an initial discharge capacity of 4.1 mA
h/cm? (204 mA h/g) at 0.1 C, which was 0.3 mA h/cm? (23
mA h/g) and 0.1 mA h/cm? (10 mA h/g) higher than the
pristine counterpart, respectively. Figure 4d,e showed the
cycling stability of the full batteries, and the full battery with
Fe/LiF/Li,O additive exhibited better capacity retention
(88.4%) than the counterpart without the additive (78.8%).
The electrode with the Fe/LiF/Li,O additive released 2.9 mA
h/cm? or 144.7 mA h/g after 100 cycles at 0.5 C, a 15%
increase in comparison to the pristine counterpart based on the
weight of the active material and additive (Table S2 and Figure
S14). Additionally, the capacity of the full battery after
prelithiation was slightly improved at various current densities
in comparison to the counterpart without prelithiation (Figure
S15). To further investigate the electrochemical kinetics of the
full battery, cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) were carried out. The CVs of
the full battery with and without Fe/LiF/Li,O showed similar
redox peaks in the voltage range of 3—4.4 V (Figure S16),
indicating the addition of Fe/LiF/Li,O did not change the
electrochemical reaction. The electrical conductivity of the full
battery was evaluated by EIS (Figure S17). It showed that the
full batteries with and without prelithiation reagent had similar
impedance after cycling, suggesting that Fe/LiF/Li,O had
limited effect on the impedance of the full battery. Therefore,
the Fe/LiF/Li,O nanocomposite is a promising prelithiation
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additive for various cathodes to compensate for the initial
lithium loss in industrial applications due to their high
prelithiation efficiency and compatibility with existing
commercial cathode materials and battery fabrication process.

In conclusion, a stable Fe/LiF/Li,O nanocomposite was
successfully designed and synthesized for cathode prelithiation
to compensate for the initial lithium loss and to improve the
energy density of batteries. The Fe/LiF/Li,O nanocomposite
was composed of micrometer-size secondary particles built by
Fe, Li,O, and LiF nanoparticles with uniform dispersion and
intimate interaction. Regular electrode fabrication processing
can be used to prepare the Fe/LiF/Li,O electrode or cathodes
with the Fe/LiF/Li,O additive using a slurry coating method
and NMP solvent. Electrochemical measurement showed that
the Fe/LiF/Li,O nanocomposites exhibited high “donor”
lithium-ion capacity of 523 mA h/g, three times that of the
existing cathodes through an inverse conversion reaction (3Fe
+ 3LiF + 3Li,0 — Fe,0; + FeF; + 9Li* + 9¢™) during the
initial charge/discharge process. With 4.8 wt % Fe/LiF/Li,O
additive, LiCoO,, LiFePO,, and LiNij,Co,,Mn,,0, electro-
des showed 16—20% increase in specific capacity during the
initial charge process, in comparison to the pristine cathodes. A
high reversible capacity of 2.9 mA h/cm® was achieved after
100 cycles for a LiNiygCogy;Mng;0,ISiO—graphite full cell
with 4.8 wt % cathode prelithiation additive after 100 charge/
discharge cycles at 0.5 C at a high cathode mass loading of 20
mg/ cm?, which was 15% higher than the pristine counterpart.
The good ambient stability of the Fe/LiF/Li,O nanocomposite
was confirmed by the ambient atmosphere (20% humidity)
resting experiment, exhibiting good ambient stability. More-
over, iron ions were not detected in the electrolyte after
soaking with the Fe/LiF/Li,O nanocomposite for a set time,
indicating that the Fe nanoparticles in the nanocomposite were
stable in the electrolyte. These results indicate high
prelithiation efficiency, good compatibility with existing battery
electrode fabrication methods, and good chemical stability of
the Fe/LiF/Li,O nanocomposites. This work opens the
prospect of developing new and promising cathode prelithia-
tion additives for practical application in the battery industry
today.
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