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FeCl3 Intercalated Few-Layer Graphene for High Lithium-Ion 
Storage Performance 

Xin Qi, Jin Qu, Hao-Bin Zhang*, Dongzhi Yang, Yunhua Yu, Cheng Chi and Zhong-Zhen Yu* 

We report a facile and efficient approach to prepare graphene and FeCl3-intercalated few-layer graphene (FeCl3-FLG) with 

stage 1 FeCl3-graphite intercalation compounds (GICs) as the precursor by a non-oxidation process. The enlarged interlayer 

spacing by the intercalation of FeCl3 greatly weakens the interaction among graphite sheets and thus facilitates the 

exfoliation of FeCl3-GICs. By ultrasonic treatment, FeCl3-GICs are well exfoliated to graphene sheets (<2 nm) with a high 

yield of 100%, while the ultrasonication of pristine graphite is less efficient with a low yield (about 32%) of graphene 

sheets. By simply controlling the sonication time, FeCl3-FLG consisting of graphene sheets and sandwiched FeCl3 is also 

prepared, which exhibits a high capacity of 989 mAh·g-1 after 50 cycles, fairly higher than that of the sonicated graphite 

(503 mAh·g-1) and the theoretical value of graphite (372 mAh·g-1). Furthermore, FeCl3-FLG still retains a reversible capacity 

as high as 539 mAh·g-1 even at a current density of 1000 mA·g-1. Therefore, the high reversible capacity, remarkable cycling 

stability and superior capability make FeCl3-FLG promising as anode materials for large-scale and high-capacity lithium ion 

batteries.

1. Introduction 

Lithium ion batteries (LIBs) are promising in high performance 

portable electronics and vehicles, which also impose much 

higher requirement for battery properties.1 Various 

carbonaceous and inorganic anode materials are synthesized 

to enhance the electrochemical performance of LIBs.2,3 

Compared to commonly utilized graphite, graphene has 

recently attracted more attention for energy storage and 

conversion devices due to its large specific surface area, 

excellent thermal and chemical stability, high electrical and 

mechanical properties.4,5 Various methods including 

micromechanical exfoliation of graphite,6 chemical vapor 

deposition,7 chemically reduction of graphite oxide,8,9 bottom-

up synthesis from organic compounds,10 and electrochemical 

exfoliation,11,12 have been developed to prepare graphene and 

graphene derivatives. Till now, there has been substantial 

progress in graphene electrode materials for LIBs. Yoo et al. 

pioneered the research on graphene anode for LIBs and a 

specific capacity of 540 mAh·g-1 was reported.13 The reversible 

capacity was also improved by enlarging the spacing between 

graphene sheets. Since then, various graphene anode 

materials were prepared and the effects of functional groups, 

specific surface area, interlayer spacing and defects of 

graphene were explored.14-17 

It has been confirmed that restacking of graphene sheets 

would reduce their specific surface area and thus their energy-

storage performance.3,18 To overcome this problem, many 

approaches were developed to enlarge the interlayer spacing 

between graphene sheets and prevent their restacking. Metal 

oxides anchored on graphene surfaces prevented the 

aggregation of graphene sheets and exhibited high capacity by 

synergistic effect of different anode materials.3 Nevertheless, 

the cyclic stability needs to be improved further. Zhao et al. 

synthesized un-stacked graphene sheets with as-prepared 

meso-sized protuberances and used for lithium-sulphur 

batteries with excellent high-rate performance.19 Chen et al. 

fabricated porous α-Fe2O3 nanorods supported on three-

dimensional (3D) carbon nanotubes–graphene foam, and the 

highly conductive scaffold with large surface areas afforded 

the uniform dispersion of the nanorods and thus led to 

excellent electrochemical performance.20 The intercalation of 

foreign species is a promising strategy to enhance the 

interlayer spacing between graphene sheets. Recently, a 

satisfactory battery capacity was obtained with ferric chloride-

graphite intercalation compounds (FeCl3-GICs) as anode 

materials for LIBs.21,22 However, the large thickness prevented 

the further improvement of lithium-storage performance. 

Much thinner few-layer graphene intercalated with FeCl3 

(FeCl3-FLG) was also prepared based on micromechanically 

cleaved FLG, which may be difficult for scalable manufacturing, 

although it exhibited excellent electrical conductivity, charge 

transport and Fermi level.23-25 Therefore, it is highly desirable 

to develop a viable and efficient approach for the preparation 

of FLG with intact structure and high electrical conductivity in 
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spite of the non-oxidation approaches reported for graphene 

preparation.26-29 

Herein, FeCl3-GICs are produced on a large-scale with an 

intercalation process and used as the precursor to prepare 

graphene and FeCl3-FLG by ultrasonication. The enlarged 

interlayer spacing by the intercalation of FeCl3 greatly reduces 

the attraction between adjacent graphene sheets, making it 

possible for the high-yield production of graphene sheets with 

a non-oxidation process. Ultrasonic exfoliation of GICs leads to 

graphene sheets (< 2 nm) with a high yield of 100% and FeCl3-

FLG. FeCl3-FLG is found to exhibit high reversible capacity, 

excellent rate capability and cycling stability, indicating its 

promising potential as anode materials for LIBs. 

2. Experimental 

2.1 Materials 

Natural graphite flakes (300 mesh, 99.9 %) were provided from 

Huadong Graphite Factory (China) and FeCl3 (A.R) was 

obtained from Aladdin (China). N,N-dimethyl formamide (DMF, 

99.5%), hydrochloric acid (HCl) and ethanol (99.8%) were 

bought from Beijing Chemical Factory (China). 
 

2.2 Synthesis and exfoliation of FeCl3-GICs 

FeCl3 and graphite (w/w, 3/1) were mixed and dried at 120 oC 

for 6 h, and the mixture was then placed in a stainless-steel 

autoclave (50 ml) under vacuum at 400 oC for 12 h. To 

eliminate the detrimental influence of possibly formed iron 

oxides on exfoliation process, the as-prepared FeCl3-GICs were 

rinsed with HCl and deionized water. The synthesized stage 1 

FeCl3-GICs were exfoliated in DMF solvent by ultrasonication 

for certain time using a JY99-2DN ultrasonicator at 400 W 

(China). The specimen obtained by ultrasonication of FeCl3-

GICs for 1 h was denoted as FeCl3-FLG due to its few-layer 

structure and the intercalated FeCl3, while ultrasonic 

exfoliation of FeCl3-GICs for 6 h results in graphene sheets with 

negligible residual of FeCl3. Similar exfoliation process is 

adopted to exfoliate pristine graphite for control and the 

resultant is designated as sonicated graphite. 

 

2.3 Characterization 

The structure evolution of graphite during intercalation and 

exfoliation processes was monitored by Rigaku D/Max 2500 X-

ray diffraction (XRD) with Cu Kα radiation and Renisha winVia 

Raman microscopy using an excitation wavelength of 514 nm. 

The compositions of exfoliated GIC, sonicated graphite, and 

pristine graphite were characterized with ThermoVG RSCAKAB 

250X high-resolution X-ray photoelectron spectroscopy (XPS) 

and Nicolet Nexus 670 Fourier-transform infrared 

spectroscopy (FT-IR). Morphology observation and energy 

dispersive analysis (EDS) were carried out on Zeiss Supra 55 

field-emission scanning electron microscope (SEM), FEI Tecnai 

G220 high-resolution transmission electron microscope (TEM), 

and Bruker multimode 8 atomic force microscope (AFM) under 

scan Asyst mode. Electrochemical measurement was 

conducted using specimens as anodes in model CR2025 coin 

cells. All of the specimens were prepared by spreading a 

mixture of active materials, carbon black and polyvinylidene 

fluoride on Ni foam to prepare the working electrodes. 

Counter electrode lithium metal foil, separator Celgard 2300 

membrane, and electrolyte 1 M LiPF6 in ethylene 

carbonate/dimethyl carbonate (1/1, v/v) were assembled with 

the working electrodes to obtain the half cells in an argon-

filled glove-box (OMNI-LAB). The cycle performance of the half 

cells was evaluated using a LANDCT2001A battery tester. Cyclic 

voltammetry (CV) measurements were performed using an 

Autolab PGSTAT 302 N (Metrohm) workstation with a scan 

rate of 0.1 mV s-1. Electrochemical impedance spectra (EIS) 

were recorded with the same workstation at amplitude of 

10 mV and in the frequency range from 100 KHz to 0.1 Hz. 

3. Results and discussion 

3.1 Graphene sheets prepared by ultrasonic exfoliation of 

GICs 

Fig. 1 shows the structural changes of graphite after 

intercalation with FeCl3. It is clearly seen that natural graphite 

exhibits ordered structure composed of parallel graphene 

sheets (Fig. 1a,b). However, after intercalation with FeCl3, the 

parallel structure is disrupted and the interlayer spacing is 

greatly enlarged, leading to an accordion-like structure (Fig. 

1c,d). Although the graphene sheets are still partially 

interconnected with each other, most of them are separated 

with enlarged interlayer spacing, which would be favourable 

for them to be exfoliated by sonication. The structure of GICs 

is determined by stage index. Taking stage 1 GICs for example, 

each graphene sheet is sandwiched by the intercalated FeCl3 

and the attraction between adjacent graphene sheets is thus 

weakened. The stage 1 FeCl3-GICs are promising precursors for 

the preparation of graphene sheets with intact structure. 

Fig. 1 SEM images of (a,b) natural graphite, and (c,d) stage 1 

FeCl3-GICs under different magnifications. 

 

The influence of intercalated FeCl3 on exfoliation efficiency 

of graphite is explored by comparing the thickness of 

exfoliated products. After ultrasonication for 6 h, the sonicated 

graphite exhibits obvious multilayer feature (Fig. 2a). In 

contrast, the graphene sheets resulted from the 
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ultrasonication of GICs show an ultrathin morphology without 

notable buckling and ripples (Fig. 2b,c), which are distinct from 

that of graphene prepared by conventional thermal and 

chemical reduction of graphite oxide.8,9,30 The resultant few-

layer structure and quality of as-prepared graphene sheets are 

further characterized by selected area electron diffraction 

(SAED) pattern (Inset of Fig. 2c) and Raman spectra. The 

graphene sheet shown in Fig. 2c is identified as bilayer by its 

representative high resolution TEM image. Its SAED pattern 

shows a typical hexagonal symmetry consisting of clear spots 

with stronger diffraction from (1-210) plane than that from (0-

110) plane, indicating the high crystallinity of a bilayer 

graphene sheet.31,32 

Fig. 2 TEM images of (a) sonicated graphite, (b,c) graphene 

exfoliated from GICs, and (d) FeCl3-FLG. The inset of Fig. 2c 

shows the SAED pattern of graphene. 

 

It is also seen that there are negligible FeCl3 particles on the 

surface of graphene sheets, suggesting the nearly complete 

removal of FeCl3 from graphene. However, many particles are 

observed on the slightly thicker graphene sheets of FeCl3-FLG 

(Fig. 2d) and these particles are identified as FeCl3 particles by 

elemental analysis (Fig. S1). Based on the structure evolution 

from GICs to graphene sheets, it is confirmed that the 

anchored FeCl3 particles are sandwiched between graphene 

sheets or adsorbed on graphene surface. By simple 

ultrasonication, stage 1 FeCl3-GICs are more easily exfoliated 

to few-layer and even monolayer graphene than pristine 

graphite. Few-layer graphene sheets intercalated with FeCl3 

are also prepared by controlling the ultrasonication time. This 

method is more efficient for the preparation of FeCl3-FLG than 

that based on the intercalation of mechanically cleaved FLG.6 

The application of FeCl3-FLG as new anode material for LIBs is 

shown below. 

To further evaluate the intercalation effect, the thickness of 

graphene exfoliated from different precursors is determined 

with AFM and the statistical values are calculated based on 50 

flakes (Fig. 3). The thickness of sonicated graphite falls in two 

distinct thickness ranges, evidenced by different color 

contrasts (Fig. 3a). Statistical results confirm that 60% of 

exfoliated flakes have a thickness higher than 5 nm while only 

32% of them present a thickness smaller than 2 nm (Fig. 3b). 

On the contrary, the thickness of graphene prepared the 

ultrasonication of FeCl3-GICs falls in a narrow thickness range 

of 1 to 2 nm. Fig. 3c presents a typical graphene with a 

thickness of ~1.2 nm, which is close to the average statistical 

thickness of ~1.22 nm for graphene. Combined with the TEM 

results, it is confirmed that the resultant graphene contains 

only two layers of monolayer graphene (Fig. 2c).32-34 

Furthermore, the graphene sheets exfoliated from FeCl3-GICs 

exhibit a similar mean lateral size (~0.45 μm) to the sonicated 

graphite (~0.52 μm) (Fig. S2), confirming that the intercalation 

of graphite with FeCl3 does not seriously disrupt the flakes. It is 

clear that the intercalation of FeCl3 into the intra-gallery of 

graphite makes it much easier to form bilayer graphene sheets 

with a high yield. It is noted that mesopores are observed for 

the graphene sheets exfoliated from FeCl3-GICs and the 

sonicated graphite, which may be caused by the sonication 

process. 

Fig. 3 (a) AFM image of sonicated graphite and (b) its thickness 

histogram; (c) AFM image of graphene exfoliated from FeCl3-

GICs and (d) its thickness histogram; The height profiles in Fig. 

3a and c indicate the thickness. 

 

The stage 1 structure of FeCl3-GICs is confirmed by XRD (Fig. 

4a). Pristine graphite shows a typical XRD pattern with two 

peaks indexed to (002) and (004), indicating the ordered 

periodic structure with an interlayer spacing of 0.33 nm. After 

the intercalation with FeCl3, new peaks appear at 9.1o, 18.6o, 

28.1o, 37.8o and 50.4o, which agrees well with the standard 

pattern of stage 1 structure of FeCl3-GICs. However, 

characteristic peaks of Fe2O3 or Fe3O4 are not observed in the 

XRD pattern of FeCl3-GICs, indicating that even if there are 

Fe2O3 or Fe3O4 in GICs, the  quantity is too little to be detected 

by XRD.22,35 The d-spacing of FeCl3-GICs is significantly 

increased to 0.96 nm from 0.33 nm for graphite. The 

accordion-like structure is observed in their SEM images (Fig. 

1c,d). 
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Fig. 4 (a) XRD patterns of pristine graphite, sonicated graphite, 

graphene, FeCl3-FLG and stage 1 FeCl3-GICs; (b) Raman spectra 

of pristine graphite, sonicated graphite, graphene and stage 1 

FeCl3-GICs; (c) Raman spectra of FeCl3-FLG with different 

intercalation extents (FeCl3-FLG-1, FeCl3-FLG-2, FeCl3-FLG-3); (d) 

XPS spectra of C1s of graphite, graphene, and stage 1 FeCl3-

GICs. 

 

After exfoliation by ultrasonication for 6 h, the resultant 

graphene sheets exhibit even no noticeable peaks in their XRD 

pattern, which is consistent with the TEM and AFM results, 

suggesting their few-layer structure. Similarly, FeCl3-FLG also 

indicates a few-layer structure despite the presence of 

intercalated FeCl3 particles (Fig. 2d). However, ultrasonication 

of pristine graphite is less effective in exfoliation, because the 

resultant still shows a weak peak at 26.4o assigned to (002) 

plane (Fig. 4a and Fig. S3a). 

The structure evolution of graphite during the intercalation 

with FeCl3 and the ultrasonic exfoliation is monitored with 

Raman spectroscopy. The stage structure of FeCl3-GICs is 

determined by identifying the component and structure of G 

peak.22,36 Intercalation of FeCl3 into the intra-gallery of 

graphite results in a large blue shift for G peak from 1580 to 

1621 cm-1, which is attributed to the doping effect induced by 

the charge transfer from graphite to FeCl3. Similar results were 

reported and suggested that graphene sheet is flanked on both 

sides by FeCl3 in the stage 1 FeCl3-GICs.23-25 The 2D-band also 

exhibits a change from multi-peak structure to single-peak 

structure, further verifying the loss of electronic coupling 

between adjacent graphene sheets due to the presence of 

FeCl3. However, the G-band of GICs shifts back to 1580 cm-1 

after ultrasonication for 6 h and thus the charge transfer 

between graphite and FeCl3 disappears. These results are in 

agreement with the above TEM images and imply the removal 

of most FeCl3. Furthermore, the weak D band and low intensity 

ratio of D/G (< 0.1) for graphene also reflect its less defects. 

As recently reported, the intercalated FeCl3 would 

contribute to the electrical conductivity of FLG23 and electrode 

performance of LIBs.21,22 Stage 1 FeCl3-GICs are used as a 

promising precursor for the preparation of FeCl3-FLG by 

controlling the exfoliation extent of GICs and the content of 

retained FeCl3. Herein, short sonication time of 1 h is used to 

prepare FeCl3-FLG and its intercalation homogeneity with FeCl3 

is examined with Raman spectroscopy. Fig. 4c shows Raman 

spectra of FeCl3-FLG specimens with different intercalation 

extents. It is seen that the three specimens have different 

intercalation stages and concentrations. FeCl3-FLG-1 presents 

nearly complete removal of FeCl3, evidenced by the restored G 

peak at 1580 cm-1, whereas the G peaks of other two locate at 

higher wave numbers, which can be deconvoluted to a few 

peaks, implying the non-uniform intercalation of FeCl3 in FeCl3-

FLG.5 The G-band close to that of stage 2 FeCl3-GICs and FeCl3-

FLG indicates the presence of graphene sheets flanked on one 

side by FeCl3.23-25 The decreased FeCl3 concentration in FeCl3-

FLG compared to that of its precursor is attributed to the 

removal of FeCl3 by ultrasonication. The different locations and 

shapes of G-band indicate the different intercalation extents of 

residual FeCl3. Therefore, this work provides a facile method to 

prepare graphene and FeCl3-FLG from GICs by simply adjusting 

exfoliation time. 

The chemical compositions of the graphene, stage 1 FeCl3-

GICs, and graphite are probed with XPS (Fig. 4d). The graphene 

sheets from GICs exhibit nearly the same C1s spectrum with 

GICs and graphite, confirming their less defect and intact 

structure, which is in accordance with the Raman results. 

However, some oxygen functional groups are introduced 

during the intercalation of FeCl3 at 400 oC and subsequent 

ultrasonication process. By comparing the elemental 

composition, it is speculated that the oxygen is mainly 

incorporated in the synthesis of FeCl3-GICs. This is because 

graphite is easily oxidized at high temperature and the 

formation of Fe2O3 would also increase the oxygen content of 

GICs and their derivatives. FT-IR results reveal that the oxygen 

functionalities on graphene mainly consist of carboxyl groups 

grafted on the edge of graphene sheets, thus the basal plane 

of graphene sheets is not seriously affected (Fig. S3b).37,38 

 

3.2 Electrochemical properties of FeCl3-FLG in LIBs 

Fig. 5 Charge/discharge curves of (a) sonicated graphite and (b) 

FeCl3-FLG between voltage limits of 0.01-3 V at a current of 
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100 mA·g-1; (c) cycling performance of the specimens at a 

current density of 100 mA·g-1; (d) rate capabilities of sonicated 

graphite, stage 1 FeCl3-GICs, graphene, and FeCl3-FLG at 

different rates (100 to 2000 mA·g-1).  

 

Graphene and its derivatives, especially sandwiched-like 

structured composites, are promising as electrode materials in 

LIBs.2,3,39,40 The electrochemical properties of sonicated 

graphite, graphene,FeCl3-FLG, and stage 1 FeCl3-GICs as 

anodes in LIBs are evaluated in the potential range of 0.01-3 V 

at 100 mA·g-1. Fig. 5a and b show the charge/discharge profiles 

for sonicated graphite and FeCl3-FLG, respectively. Sonicated 

graphite presents similar insertion/extraction properties to 

graphite electrode due to its multilayer structure;13,15 while 

FeCl3-FLG, graphene and GICs exhibit significantly different 

charge/discharge profiles, suggesting the different 

accommodation of lithium ions in these materials from 

sonicated graphite (Fig. S4). 

The discharge curve of FeCl3-FLG after the initial cycle is 

divided into two different regions. The capacities of the 

potential region above 0.25 V are attributed to the formation 

of LiCl and the reaction of FeCl3 with Li, while the potential 

region below 0.25 V may correlate with the lithium 

intercalation between graphene sheets and Li-ion adsorption/ 

desorption on the FeCl3 intercalated graphene sheets.13,21 The 

charge/discharge profiles of FeCl3-FLG anode match well with 

the shape of the CV curves (Fig. S5). As reported,21,22 the 

electrochemical performance for FeCl3-GICs and 

Fe2O3/graphite mixture are very similar, redox peaks of both 

materials are around 0.75V. The reaction mechanism of FeCl3-

FLG could be attributed to the reaction of Fe3+
 with Li 

according to the following conversion reaction: FeCl3 + 3 Li+ + 

3e−→Fe + 3 LiCl. For Fe2O3 based electrodes, the redox peaks 

are assigned to the highly reversible electrochemical 

reduction/oxidation (Fe2O3→Fe) reactions.20,41 As described in 

experimental section, intercalation under vacuum and rinse of 

GICs with HCl solution could greatly avoid or reduce the 

amount of iron oxide in FeCl3-GICs. Therefore,the reaction of 

FeCl3 with Li mainly contributes to the excellent 

electrochemical performance of FeCl3-GIC anode in the 

present work. In addition, graphene sheets resulted from the 

exfoliation of FeCl3-GICs may share the similar mechanism of Li 

insertion due to the residual FeCl3 adsorbed on graphene 

surface, as evidenced by the similar charge/discharge profiles 

(Fig. S4b). 

FeCl3-GICs could serve as a promising potential anode in 

LIBs.21,22 However, their large size and thickness hinder the 

transport of lithium ions and electrons, which are crucial for 

lithium ions storage performance in LIBs. As layered structure 

with mesopores may facilitate transport of Li-ions, it is 

envisaged that the graphene sheets resulted from GICs would 

exhibit a better storage performance of lithium ions. As shown 

in Fig. 5c, FeCl3-FLG delivers a discharge capacity of 1378 

mAh·g-1 and charge capacity of 845 mA·g-1 in the first cycle, 

giving an initial columbic efficiency of 61.3%. The initial 

irreversible capacity is also observed for other electrode 

materials, which is ascribed to the electrolyte decomposition 

and the solid electrolyte interface film formation on the 

electrode surface.21,22,42 FeCl3-FLG and graphene sheets exhibit 

reversible discharge capacities of 989 and 636 mAh·g-1 after 50 

cycles, respectively, which are much higher than that of 

sonicated graphite (503 mAh·g-1) and the theoretical value of 

pristine graphite (372 mAh·g-1).The stage 1 FeCl3-GICs show a 

capability of 610 mAh·g-1, which is consistent with the 

reported result for stage 1 FeCl3 intercalated graphite.21,22 

Therefore, FeCl3-FLG and graphene are more promising as 

anode materials than their precursor (FeCl3-GICs) and the 

incompletely exfoliated graphite. It is interesting that FeCl3-

FLG exhibits better electrochemical performance than 

graphene despite the thinner characteristic of the latter, which 

may be due to the residual FeCl3in FeCl3-FLG as the main active 

material. 

The cyclic stability of FeCl3-FLG and other specimens is 

investigated at different current densities from 100 to 2000 

mA·g-1. Because of such a thin and porous structure, FeCl3-FLG 

demonstrates the best rate performance among the 

specimens. FeCl3-FLG and graphene sheets show specific 

capabilities of 539 and 394 mAh·g-1 even at 1000 mA·g-1, 

respectively, which are pretty higher than that of sonicated 

graphite (182 mAh·g-1) (Fig. 5d). Even at current density of as 

high as 2000 mA·g-1, FeCl3-FLG still retains a specific capability 

of 362 mAh·g-1. Such an excellent rate performance is better 

than both graphene and FeCl3-GICs. In contrast, the capacity of 

stage 1 FeCl3-GICs is decreased to 255 mAh·g-1, 1.8 times lower 

than that of FeCl3-FLG at current density of 2000 mA·g-1. Li-ions 

could rapidly insert/extract into the intra-gallery to react with 

FeCl3 during cycling due to the nanoscale thickness and porous 

structure of FeCl3-FLG. Therefore, FeCl3-FLG exhibits a better 

rate performance than stage 1 FeCl3-GICs, especially at high 

current densities. After rate cycling, FeCl3-FLG still presents an 

excellent reversible capacity of 1002 mAh·g-1 at 100 mA·g-1 for 

another 60 cycles, fairly higher than those of stage 1 FeCl3-GICs 

and sonicated graphite. Such a high reversible capacity is one 

of the highest values for graphene anode in LIBs.3,13,15-17,21,22 

Even the graphene sheets also exhibit a significant increase in 

capacity in relative to sonicated graphite and comparable 

properties to graphene anodes.27,43 Therefore, higher cyclic 

capability and better cycling stability are achieved by using 

FeCl3-FLG as the anode material for LIBs as compared to other 

graphene anode materials.14,15,17-19 

The remarkable capability and excellent cycling stability of 

FeCl3-FLG can be attributed to its robust and unique structures. 

Firstly, the few-layer structure of FeCl3-FLG contributes to the 

battery properties by providing buffer matrix for the volume 

change of FeCl3 during lithiation/delithiation.21,22 Secondly, the 

intercalated FeCl3 greatly enlarges the interlayer spacing of 

graphite and thus provides additional sites for the 

accommodation of Li-ions. After sonication treatment, the 

interlayer spacing is further enlarged and mesopores are also 

formed on the surfaces of the as-prepared specimen, both of 

them provide convenient channels for the rapid 

insertion/extraction of Li-ions during the electrode reaction. 

The influence of enhanced interlayer spacing on the anode 

performance has been confirmed in different anode 
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materials.14,17,39,40,44 Thirdly, the intercalation of FeCl3 improves 

the electrical conductivity of pristine graphite to get a better 

electrochemical performance.14,21,22,35,45 The higher electrical 

conductivity of FeCl3-FLG is verified by the obviously reduced 

diameter of the semicircle at the high-frequency region in the 

electrochemical impedance spectrum (Fig. S6).22,45,46 As 

reported,21 both thicker FLG (< 5 layers) and FeCl3-FLG usually 

present higher electrical conductivity than their thinner 

counterparts. Therefore, stage 1 FeCl3-GICs exhibit much lower 

capacity than FeCl3-FLG despite its higher concentration of 

intercalated FeCl3. 

Conclusions 

Graphene and FeCl3-FLG are prepared by ultrasonication of 

stage 1 FeCl3-GICs and both of them exhibit reversible 

discharge capacities of 636 and 989 mAh·g-1 after 50 cycles, 

respectively, much higher than that of sonicated graphite (503 

mAh·g-1). Moreover, FeCl3-FLG still retains a reversible capacity 

as high as 1002 mAh·g-1 even after 110 cycles. The excellent 

battery performance of FeCl3-FLG is attributed to the buffer 

matrix provided by few-layer structure, increased interlayer 

spacing, and improved electrical conductivity. The high 

reversible capacity, remarkable cycling stability, and superior 

capability suggest that FeCl3-FLG holds a huge promise as 

anode material for high performance LIBs. 
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