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A B S T R A C T   

Fabricating electrode for lithium-ion batteries (LiBs) with solvent-free (SF) procedure can save energy and 
improve electrochemical performance simultaneously. Polymer fibrillation is one of the most promising SF 
procedures due to its feasibility for upscale production. The hardness of lithium iron phosphate (LFP) impedes its 
SF fabrication with polytetrafluoroethylene (PTFE) fibrillation. In this study, we successfully expanded PTFE 
fibrillation for SF LFP electrode fabrication with the help of carbon nanotubes (CNTs). CNTs increase the con-
ductivity of electrode, and act as matrix for LFP particles to ensure relative displacement to further fibrillate 
PTFE to form self-supporting electrode film when the dry mixture was hot rolled. The SF LFP/hard carbon full 
cells were fabricated and demonstrated comparable electrochemical performance to slurry casting (SC) fabri-
cated LFP electrode. The initial coulombic efficiency (ICE) of full cell increased to more than 95% after 
prelithiation.   

1. Introduction 

Lithium-ion batteries (LiBs) dominate consumer electronics for their 
high energy density, long cycle life, high power and good reliability [1]. 
Recently, LiBs are gaining even more attention owing to the specific 
energy improvement and cost reduction, especially in transportation 
sector [2,3]. Replacing internal combustion engine with energy storage 
devices such as batteries is critical to reduce CO2 emission and alleviate 
climate change [4]. However, the high cost and limited energy density of 
current commercial LiBs impede widespread deployment of LiBs in 
electric vehicles (EVs) [5]. The cost of LiBs is mainly ascribed to raw 
materials and manufacturing cost, which are determined by the elec-
trode manufacturing process [6]. At present, electrodes of commercial 
LiBs are fabricated by the so-called slurry casting (SC) procedure, where 
active material, conductive additives and polymer binder are mixed in 
solvent, e.g., water for anode and N-methyl-2-pyrrolidone (NMP) for 
cathode to form slurry with appropriate viscosity [7,8]. The slurry is 
subsequently cast onto substrate, e.g., copper foil for anode and 
aluminum foil for cathode, and dried with the coating machine. The 
drying process is complicated with dozens of meters long ovens under 
high temperature consuming huge amount of energy [7,9]. In addition, 
uneven binder distribution resulting from binder floating with quick 

solvent evaporation during drying limits the fabrication of thick elec-
trode. The toxicity of NMP for SC cathode fabrication is also an issue, 
because organic solvent leakage is inevitable even with complicated and 
expensive NMP recovery systems [10]. 

Fabricating electrode without solvent to avoid the drying process can 
save much energy and improve the energy density of the LiBs simulta-
neously with the adoption of high active material loading design. There 
are many different solvent-free (SF) procedures for electrode fabrication 
including dry powder deposition, polymer fibrillation, chemical or 
physical vapor deposition, 3 D printing, melting and extrusion, direct 
pressing [11]. Polymer fibrillation is one of the most promising SF 
procedures when taking upscale production into consideration. Fibril-
lation under high shear force makes polytetrafluoroethylene (PTFE) the 
most-often used polymer for fibrillation-based SF electrode fabrication, 
especially for activated carbon electrode. The lowest unoccupied mo-
lecular orbit (LUMO) of PTFE is not only lower than common polymer 
binders such as polyvinylidene fluoride (PVDF) and carboxymethyl 
cellulose (CMC), but also lower than common solvent like ethylene 
carbonate (EC) used in electrolyte. The low LUMO of PTFE allows it to 
accept electrons and get reduced [12]. We have previously succeeded in 
applying PTFE fibrillation for SF hard carbon and graphite anode 
fabrication, even though PTFE is unstable in anode [13]. SF procedure is 
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also promising for non-porous electrode fabrication for 
all-solid-state-batteries (ASSBs), since most solid electrolytes (SEs) are 
sensitive to moisture and polar solvents [11]. Maxwell company have 
successfully fabricated lithium nickel manganese cobalt oxide 
(NMC)/graphite LiBs based on PTFE fibrillation [14]. SF NMC/graphite 
cells exhibited high-rate capability and decent cycle life with high mass 
loading. Good electrochemical performance and roll-to-roll 
manufacturing process make the procedure compatible with current 
commercial LiBs production line. Hippauf et al. applied the SF procedure 
for NMC electrode fabrication with 0.1% PTFE, the content of which is 
the lowest ever reported [15]. However, the limited reserves, unbal-
anced distribution and high cost of metals especially cobalt make NMC 
based LiBs unsustainable. On the contrary, lithium iron phosphate (LFP) 
is much cheaper with longer cycle life and better safety, but with low 
specific energy and poor rate performance [16,17]. As new structures 
like cell to pack (CTP) and cell to chassis (CTC) are being developed, the 
system integration degree of battery pack increases a lot and LFP is 
becoming increasingly attractive [18,19]. 

SF procedure is well suited for LFP electrode fabrication. On the one 
hand, spot contact between PTFE fibrils and LPF particles facilitates ion 
transportation to increase the rate performance. On the other hand, 
adoption of thick LFP electrode can increase the specific energy of LFP 
cells. However, the PTFE fibrillation procedure is not preferable for LFP 
electrode fabrication due to the hardness of LFP particles and smaller 
particle size, requiring large amounts of additives to make the self- 
supporting LFP electrode film. For example, 40% activated carbon was 
added to increase the flexibility of the LFP electrode when PTFE was 
used for LPF electrode fabrication [20]. Therefore, there are still great 
challenges associated with fabricating LFP electrodes with low cost and 
good performance through PTFE fibrillation. 

In this study, we for the first time successfully fabricated LFP elec-
trode for LiBs with PTFE fibrillation using carbon nanotubes (CNTs) as 
additive. The CNTs can increase the conductivity of the electrode as well 
as act as matrix to hold LFP particles, where PTFE powders are further 
fibrillated to ensure the formation of self-supporting LPF electrode film 
during the hot rolling process. SF LFP/hard carbon full cells were 
fabricated successfully and demonstrated good stability. With the help 
of prelithiation, the initial coulombic efficiency (ICE) of SF LFP/hard 
carbon cells were increased to 95%. The SF LFP/hard carbon full cells 
also demonstrated decent stability with more than 95% capacity 
retention after 50 cycles under the current of 0.5C in coin cells. The 
electrodes are fabricated through roll-to-roll process, which is compat-
ible with the current LiBs production line, making the method promising 
to replace the SC procedure for commercial LiBs. 

2. Experimental 

2.1. Electrodes fabrication 

Fig. 1 showed schematically the procedure of SF LFP cathode fabri-
cation with PTFE fibrillation. Different carbon materials such as acti-
vated carbon (Fujian Yuanli, China), carbon black (MTI, China), 
conducting graphite (Shanshan, China) and CNT (Sigma-aldrich, Ger-
many) has been used as additives for SF cathode fabrication. Use CNT as 
an example, LFP (Shanshan, China), CNT and PTFE powder (MTI, China) 
were used directly for electrode fabrication. Typically, a powder mixture 
was prepared by mixing LFP and CNT in a conical mixer at a speed of 
1400 r/min for 60 min. After that, PTFE powder was added to the 
mixture and mixed for another 20 min using a V blender. High-speed dry 
air was then applied using a 2-inch grinding chamber jet mill (Sturte-
vant, USA) to fibrillate PTFE to cotton candy like dry mixture. The free- 
standing electrode film was formed when the dry mixture was hot rolled 
at 160 ◦C using a calendering machine at a speed of 15 cm/min. The 
thickness of the electrode film was adjusted according to the gap be-
tween rolls of calendering machine and the times the electrode film 
going through the rolls. Finally, the free-standing film was laminated 
onto a 13 µm thick carbon coated aluminum foil (Nanoblue, China) 
using hot rolling at 80 ◦C. 

FTFE film was fabricated to confirm their stability in cathode. For 
PTFE film fabrication, 80% carbon black was added to increase the 
electronic conductivity. The PTFE powder and carbon black were mixed 
for 30 min in a kitchen mixer, then the mixture was ground using an 
agate mortar until the formation of flake. Finally, the flake was hot 
rolled using a calendering machine. 

To compare the performance of SF LFP electrode, SC LFP electrode 
was also fabricated. LFP, PVDF and CNTs were mixed in NMP with the 
same mass ratio. The slurry was cast onto the Al foil and dried. The SC 
LFP was subsequently calendered with the specific capacity of 1.6 mAh/ 
cm2. 

2.2. Cell assembly 

Both half cells and full cells were assembled with 2032-coin cell parts 
(MTI, China) in an argon-filled glove box, where water and oxygen 
concentrations were less than 0.01 ppm. For half cells, two layers cel-
lulose film (Celgard, USA), lithium foil (Sigma-Aldrich, 600 μm, Ger-
many) and 50 μL 1.2 M LiPF6 in EC-EMC (3/7, v/v) with 10 wt.% 
fluoroethylene carbonate (FEC) were used as separator, counter elec-
trode and electrolyte, respectively. 

For full cell assembly, SF hard carbon electrodes were used as anode. 

Fig. 1. Schematic diagram of SF LFP electrode fabrication based on PTFE fibrillation, including dry mixing, fibrillation, hot-rolling and lamination.  
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SF hard carbon electrode was fabricated with a similar method in our 
previous study with the weight ratio of hard carbon/carbon black/ 
PTFE/PVDF of 90/5/3/2 [13,21]. The thickness of SF hard carbon 
electrode was 120 μm with the capacity of 3.7 mA/cm2. The capacity 
ratio of anode to cathode (N/P ratio) was set to be 1.2: 1. 

2.3. Prelithiation 

Single layer SF hard carbon electrode with a dimension of 5 × 5 cm 
was assembled into monolayer pouch cell with lithium foil as counter 
electrode. The separator and electrolyte were similar as these used in 
coin cells. The pouch cell was discharged under the current of 0.3 mA/ 
cm2 with the lithiation capacity of 3 mAh/cm2. The pouch cell was 
disassembled in glovebox and the prelithiated hard carbon electrode 
was washed with dimethyl carbonate (DMC) and dried under room 
temperature overnight in glovebox. The prelithiated hard carbon elec-
trode was further assembled with SF LFP electrode to obtain full SF LFP/ 
hard carbon cell. 

2.4. Electrochemical test and electrode characterization 

The galvanostatic charge/discharge tests were performed under 
room temperature using an 8-channel battery analyzer (Neware, China). 
The cutoff voltage was between 2.5 to 3.65 V for half cells. All cells were 
aged under room temperature for 12 h before testing and underwent 
several formation cycles. Cyclic voltammetry (CV) was carried out in the 
voltage range of 2–3.8 V at a scanning rate of 0.5 mV/s. 

The pristine and cycled electrodes were characterized using a scan-
ning electron microscope (SEM, Phenomenon LE). The cycled electrodes 
were charged to the fully delithiation state after cell cycling, followed by 
disassembling the cell, dipping the electrode into DMC solution for 2 h to 
remove any residual electrolyte, and drying at room temperature over-
night in an argon filled glove box for further analysis. X-ray diffraction 
(XRD) characterization was conducted with a X’Pert PRO MPD instru-
ment. X-ray photoelectron spectroscopy (XPS) study with conducted 
with a Thermo Kalpha instrument. 

3. Results and discussion 

3.1. Stability of PTFE in cathode 

PTFE has been shown to be instable in anode, while its stability in 
cathode is waiting for further clarification [21]. PTFE film was prepared 
and coin cells were assembled with PTFE film as cathode and lithium foil 
as counter electrode. The charge/discharge testing was conducted be-
tween 2–4 V under the current of 1 mA/cm2. The capacity of PTFE film is 
only 1.5 mAh/g, which is ascribed to the capacitance of carbon black 
(Figure S1a in Supporting Information). The negligible capacity of PTFE 
demonstrated its stability within 2–4 V. 

XRD characterization was conducted on both pristine and cycled 

PTFE film. The characteristic peak of PTFE at around 19◦ remained after 
lithiation, as shown in Figure S1b. SEM characterization of the pristine 
and cycled PTFE film showed that after three charge/discharge cycling, 
the PTFE fibrils maintained their structure (Figure S1c and d). The re-
sults from electrochemical capacity, XRD and morphology study 
consistently demonstrated that PTFE is stable in cathode. 

3.2. SF LFP-AC electrode 

PTFE fibrillation has been used for NMC electrode fabrication for 
both LiBs and ASSBs. However, there is no PTFE fibrillation based LFP 
electrode for LiBs so far. We first tried LFP electrode fabrication with the 
weight ratio of LFP/activated carbon/PTFE = 47.5/47.5/5. Activated 
carbon was added to increase the flexibility of electrode. The SF LFP-AC 
electrode was prepared according to the procedure described in Section 
2.1. Thereafter, coin cells were assembled with lithium foil as counter 
electrode and cycled under the current of 1C. The capacity-voltage 
curves have the mixing characteristics of capacitors and batteries with 
the specific capacity of 1.1 mAh/cm2 (Fig. 2a). The voltage increases 
linearly with capacity within 2–3.4 V, resulting from capacitance of 
activated carbon. After that, a charge plateau appears at 3.45 V, which is 
ascribed to the Faradaic reaction of LFP. The half cells have good sta-
bility with 90% capacity retention after 100 charge/discharge cycling 
(Fig. 2b). After 100 cycles, the capacity fade speed accelerates. The coin 
cell was then disassembled, and the electrode and separator were dry 
without obvious electrolyte observed. The fast capacity fade could be 
attributed to electrolyte consumption since only 50 µm electrolyte was 
injected in the coin cell. 

The PTFE fibrils could be observed on the surface of pristine LFP-AC 
electrode under SEM, as shown in Figure S2a and b. Activated carbon 
acts as conductive additive to maintain the good conductivity network 
of the electrode to ensure good performance of SF LFP-AC electrode 
under high current (Figure S2c). However, activated carbon has low 
density and large specific surface area, which will result in low specific 
energy and moisture absorption. For LFP-AC electrodes, the tap density 
of activated carbon (0.67 g/cm3) is much smaller than LPF (1.3 g/cm3). 
With 47.5% percent of activated carbon, the volume of activated carbon 
is much greater than LPF. The compressed density of LFP-AC electrode is 
only 1.6 g/cm3, significantly lower than LFP electrodes (2.1–2.2 g/cm3). 
The activated carbon acts as matrix to provide relative opposite motion 
of PTFE and roll when the dry mixture was compressed under calen-
dering machine. Consequently, SF LFP could be fabricated successfully 
with the addition of activated carbon, but the compressed density is too 
low. 

3.3. Carbon additive material screening 

To fabricate SF LFP electrode with less additive and higher com-
pressed density, we tried SF LFP electrode fabrication with different 
carbon materials including carbon black, conductive graphite, and CNT. 

Fig. 2. (a) Capacity-voltage curves for SF LFP-AC half cells; (b) Stability of SF LFP-AC half cells under the current of 1.2 mA/cm2.  
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The content of different carbon materials were screened with various 
mass ratio of LFP/carbon materials/PTFE, as summarized in Table S1. 
The key parameter for carbon materials to assist LFP electrode film 
formation is the tap density. The tap density of carbon black, conductive 
graphite and CNT are 0.16, 0.96 and 0.025 g/cm3, respectively. 

When the carbon black ratio is 10%, a mixture of LFP/carbon black/ 
PTFE (85/10/5 wt.%) was hot rolled under the same condition as the 
LFP-AC electrode. Out of our expectation, the rolls were stuck by the dry 
mixture powder. To form self-supporting electrode film, further fibril-
lation of PTFE is necessary when the mixture was compressed through 
the calendering rolls. The hardness of LFP particles prevent the tangent 
motion of calendering roll to PTFE particles, failing to further fibrillate 
PTFE. When increase carbon black to 20%, self-supporting LFP electrode 
film with some cracks could be formed. Flexible LFP electrode film was 
possible to be fabricated when carbon black was further increased to 

40%. Graphite itself is a soft material, however, no LFP electrode film 
could be formed even when graphite was increased to 40%. Therefore, 
the relative high tap density of carbon black and conductive graphite 
make them insufficient to offer shear force during hot rolling. Self- 
supporting LFP electrode film could be formed with only 5% CNT. 
CNT has more relative volume ratio at the same weight ratio due to its 
low tap density. The minimum amount of different carbon materials as 
additives required for LFP film formation was listed in Table S1. The 
lower the tap density of carbon material, the less carbon material 
required to form LFP film. Subsequently, we will only focus on SF LFP 
electrode fabrication with CNTs. 

The mechanical strength of electrode film, which is critical for up-
scale production, is determined by the fibrillation degree of PTFE 
powder. The temperature has huge effect on the property of PTFE [22, 
23]. The PTFE has a well-ordered triclinic crystal structure below 19 ◦C, 

Fig. 3. SEM images of pristine SF LFP electrode (5% CNTs) with different magnification. (a) x1000; (b) x5000; (c) x10000; SEM images of SF LFP electrode (5% 
CNTs) after 50 cycles. (d) x1000; (e) x5000; (f) x10000. 

Fig. 4. (a) Capacity-voltage curves for SF LFP half cells; (b) Stability of SF LFP half cells under the current of 1.7 mA/cm2; (c) Capacity recovery of cycled SF LFP 
electrode when it was reassembled with fresh lithium foil. 
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the hard PTFE particles will slide past each other when shear force was 
applied without being fibrillated. Between 19 to 30 ◦C, the crystalline 
PTFE turns into hexagonal phase. Further heating PTFE to higher tem-
perature will convert it into a disordered pseudo-hexagonal phase with 
molecule chain packed loosely. The higher the temperature, the easier 
the PTFE will be fibrillated before reaching its melting point. To get the 
optimal mechanical strength of electrode film, temperature was 
screened between 40 and 160 ◦C during hot rolling. It turned out that the 
electrode film cannot be formed below 90 ◦C. The tensile strength of the 
obtained electrode film increased with temperature between 100 and 
160 ◦C. The thickness of electrode film was reduced to 125 µm after 
pressing several times. The compressed density of the electrode film was 
2.0 g/cm3, which is similar as the commercial LFP electrode (2.1–2.2 
g/cm3). The electrode film was subsequently laminated onto carbon 
coated aluminum foil. 

PTFE fibrils were observed from fresh LFP electrode, demonstrating 
good fibrillation of PTFE (Fig. 3a). LFP powders were distributed in the 
matrix of 5% CNT (Fig. 3b and c), enabling good conductivity and me-
chanical strength of the electrode. PTFE fibrils were more visible from 
the cross-sectional images, as shown in Figure S3a and b. EDS-mapping 
of pristine LFP electrode in Figure S3c demonstrated the uniform dis-
tribution of PTFE, which guarantees good mechanical strength of the 
electrode film. 

3.4. SF vs. SC LFP electrodes 

The cycling stability of SF LFP electrode was studied in half cells with 
specific capacity of 3.1 mAh/cm2. Fig. 4a shows that LFP delivered a 
capacity of 142 mAh/g under the current of 0.6 mA/cm2 with ICE of 
95.6%, which is similar to commercial LFP electrode at room tempera-
ture. The capacity retention was 80% after 40 charge/discharge cycles 
under a current of 1.7 mA/cm2 (Fig. 4b). However, after 40 cycles, the 
capacity faded very fast. When the coin cells were disassembled, there 
was no obvious cracks from the LFP electrode, while the electrode and 
separator were dry and the lithium electrode was pulverized. Therefore, 
the fast capacity fading was mainly caused by the pulverization of 
lithium foil and electrolyte consumption. SEM characterization of the 
cycled LFP electrode showed that the structure of LFP electrode was well 
maintained (Fig. 3d-f), and the cross-section observation and EDS 
mapping of the cycled electrode were also similar as the pristine SF LFP 
electrode (Figure S3d-f). 

The cycled SF LFP electrodes were assembled with fresh lithium foil 
and separator into coin cells and the capacity recovered to more than 
95% of the initial capacity. There are no obvious capacity fading during 
first several cycling, as shown in Fig. 4c. The results demonstrated the 
good stability of SF LFP electrode even under high loading and current 
density. 

LFP electrodes were also fabricated through SC procedure for com-
parison. It is worth mentioning is that the material loading of SC 

procedure is 11.5 mg/cm2 (1.6 mAh/cm2), which was much smaller 
than that of SF LPF electrode. When we try to increase the loading of SC 
electrode, cracks appeared after compressing. In contrast to SF LFP 
electrode, the SC LFP electrode delivered a specific capacity of 138 
mAh/g under the same current density. To further compare the rate 
capability of the two different electrodes, the capacity was tested under 
different current density from 0.08 to 1.6 mA/cm2. Fig. 5a shows that 
the SF LFP electrodes exhibited higher rate capability performance than 
the SC LFP electrode. The capacity retention for SF electrode was 99.8, 
99.1, 98.1, 95.0% under 0.16, 0.32, 0.8, 1.6 mA/cm2, while the capacity 
retention for SC electrode was 98.6, 96.2, 91.7, 87.1% under the same 
current density. 

Electrochemical impedance spectroscope (EIS) analysis was con-
ducted to further explain the different performance of SF and SC LFP 
electrodes. The EIS date was fitted using python impedance package, 
with the equivalent circuit = R0 - p(R1, CPE1) - Zw, where R0 and R1 refer 
to ohmic and charge transfer resistance, while CPE1 and Zw are constant 
phase element and Warburg coefficient, respectively. The ohmic and 
charge transfer resistance for the SF LFP electrode after formation were 
calculated to be 3.4 and 15.4 ohms, while they were 3.7 and 17.6 ohms 
for the SC LFP electrodes. For both pristine electrodes and electrodes 
after formation, the charge transfer resistances of SC electrodes are 
larger than SF LFP electrodes, as shown in Fig. 5b and c. The EIS results 
were consistent with their rate performance. The different binding 
mechanism of PTFE fibrillation-based SF procedure facilitates better rate 
performance, where the spot contact of PTFE fibrils and LFP particles is 
beneficial for charger transfer and good rate capability. For electrode 
made from SC procedure, PVDF was first dissolved in NMP and formed a 
compact insulating layer around LFP particles, which is detrimental for 
charge transfer. 

3.5. SF hard carbon/LFP full cell 

Hard carbon has low volume variation during charge/discharge 
process, ensuring longer cycling life than graphite electrode [24,25]. We 
have demonstrated earlier that PTFE fibrillation-based SF hard carbon 
electrode had good stability [21]. Full cells were assembled with SF hard 
carbon electrodes and SF LFP electrodes. The SF hard carbon electrode 
was fabricated with a similar procedure reported earlier, where 2% of 
PVDF and 3% PTFE were used as binders [13]. The N/P ratio of the full 
cell was set to 1.2, and the areal capacity of hard carbon and LFP elec-
trodes were 3.7 and 3.1 mAh/cm2, respectively. Hard carbon has low 
ICE, which impedes its application in commercial LiBs [26,27]. The 
reaction between PTFE and lithium ion during the first lithiation process 
make the ICE even lower. However, with the help of prelithiation, we 
can alleviate the low ICE issue, and the ICE is adjustable by the extent of 
prelithiation. For prelithiation, single layer pouch cells were assembled 
with lithium foil as counter electrode. The hard carbon electrode was 
lithiated with the capacity of 2 mA/cm2. The prelithiated SF hard carbon 

Fig. 5. (a) Rate performance for SF and SC LFP electrode under different current density; (b) EIS comparison between pristine SF and SC LFP electrodes in half cells; 
(c) EIS comparison between SF and SC LFP electrodes after formation in half cell. 
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electrode was assembled into full coin cells with SF LFP electrode as 
cathode. 

Pristine and prelithiated hard carbon electrodes was characterized 
with SEM from both top and cross-sectional view, as shown in Figure S4 
and Figure S5. PTFE fibrils tie up hard carbon particles together to form 
compact structure (Figure S4a-c, Figure S5a and b). After lithiation, 
most of PTFE fibrils decomposed (Figure S4d-f), but the electrodes kept 
their integrity with the help of PVDF (Figure S5d and e). EDS mapping in 
Figure S5c and f showed that there was no significant difference between 
the fluorine distribution for pristine and lithiated hard carbon electrode, 
demonstrating good stability of SF hard carbon electrode during 
prelithiation. 

XPS analysis was conducted to monitor PTFE decomposition from SF 
hard carbon and SF LFP electrodes. Fig. 6a shows the F 1 s peak at 689.2 
eV in pristine hard carbon electrode, which was attributed to CF2. After 
lithiation, new peak appeared at 686.9 eV, which was ascribed to LiF 
from the decomposition PTFE (Fig. 6b). The same peak from PTFE ap-
pears in SF LFP electrode, as shown in Fig. 6c. Fig. 6d shows that the 
peak from PTFE remained after many cycles, demonstrating stability of 
PTFE in cathode. The new peak at 684.4 eV was attributed to PF6

− from 
electrolyte decomposition. 

The cycling stability test was performed under 0.5C at room tem-
perature. The ICE of hard carbon is low, which results in reduced energy 
density of LiBs but could be improved with prelithiation [28]. As shown 

in Fig. 7a, the ICE of the full cell was close to 100% with the help of 
prelithiation. The full cells have good stability with more than 95% 
capacity retention after 50 cycles and 90% capacity retention after 90 
cycles, as exhibited in Fig. 7b. The average coulombic efficiency for the 
first 50 cycles was almost 99.95%, demonstrating the formation of stable 
solid electrolyte interface. 

4. Conclusion 

PTFE fibrillation-based SF LFP electrode was successfully fabricated 
with the help of CNT, where CNT act as conductive additive and matrix 
to hold LFP particles to ensure further fibrillation of PTFE when pressed 
through calendering machine. The SF LFP electrode demonstrated good 
stability and better rate capability than SC counterparts because of good 
conductivity of CNT and spot contact between PTFE fibrils and LFP 
particles. With the help of prelithiation, the ICE of SF LFP/hard carbon 
cells was increased to 100% and showed decent cycling stability under 
the current of 1.5 mA/cm2 with more than 95% capacity retention after 
50 cycles. The simple fabrication procedure and good performance of SF 
LFP/hard carbon cells makes it promising to replace current SC pro-
cedure for commercial LiBs. 

Fig. 6. XPS analysis of F 1 s for different electrodes (a) pristine SF hard carbon electrode, (b) prelithiated SF hard carbon electrode, (c) pristine SF LFP electrode, (d) 
cycled SF LFP electrode. 

Fig. 7. (a) Capacity-voltage curves for SF LFP/hard carbon cells; (b) Stability of SF LFP/hard carbon cells under 0.5C.  
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