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In this study, we demonstrate a facile one-step hydrothermal strategy to build a nanostructure 

of α-Fe2O3 nanoplates imbedded in graphene networks, using water and glycerol as 

hydrothermal solvents. The graphene oxide was chemically reduced via Fe2+ and glycerol,  the 

obtained α-Fe2O3 nanoplates with a thickness of 20~30 nm and a side length of 100~300 nm 

are well wrapped by and tightly contact with the flexible conductive graphene networks. When 

used as the anode material for lithium ion batteries, the rGO/α-Fe2O3 nanoplate composite 

demonstrates high discharge capacities of ~896 mAhg-1 till 200 cycles at 5C and ~429 mAhg-1 

up to 1000 cycles even at 10C rate. The excellent lithium storage performance could be 

attributed to the synergistic effects of the unique structures, which can provide fast electron 

transport and shorten the diffusion path of the Li ions as well as accommodate the volume 

change of the composite in the cycling. 

 

 

Introduction 

An increasing demand for lithium ion batteries with high energy 

density, high power density and long cycle life has been present in 

recent years, due to the ever-rising concerns for electric vehicles 

(EVs) and grid storage of electricity produced by renewable 

energies[1,2]. However, graphite, the current commercialized anode 

materials of lithium-ion battery, has a relatively low theoretical 

specific capacity of 372 mAhg-1[3]. Thus, it is necessary to develop 

alternative anode materials and novel nanostructures to meet the 

growing demands for lithium storage performance. α-Fe2O3 has been 

considered as one of the most promising candidate anode materials 

due to its high theoretical capacity, low cost, and nontoxicity[4-

8].However, there remain some problems to be addressed for its 

practical application. The lithium storage mechanism of the α-Fe2O3 

can be described as follows: Fe2O3+6Li++6e-=2Fe+3Li2O.The α-

Fe2O3 suffers from large volume expansion during cycling and low 

conductivity characteristics, which result in large capacity loss, poor 

cycling stability and rate performance[9-11]. 

To address these issues, tremendous efforts have been made during 

the past decades. One common strategy is to build unique 

nanostructures such as nanoparticle[12-14], hollow 

particle[15,16],hierarchical hollow structure[17,18], core-shell 

structure[19] ,nanotube[9,20], nanoflake[4], nanorod[21],nanodendrite[22], 

nanodisk[23,24]. These nanostructures provide a short transport path of 

Li ions and high active contact area, furthermore, the nanostructures 

could effectively buffer the stress induced during the charge-

discharge process[25].Another strategy is to combine these α-Fe2O3 

nanostructures with conductive carbon matrix such as carbon 

nanofibers[26], carbon nanotubes[27] and graphene[21,24,28-

41].Particularly, graphene is considered as a promising two-

dimensional conductive support for energy storage applications 

owing to its superior electronic conductivity, high chemical stability, 

remarkable structural flexibility and high theoretical specific surface 

area [42, 43]. Moreover, the graphene nanosheet itself can also be used 

as lithium-ion battery anodes which demonstrate higher reversible 

capacity compared to graphite [44]. In the past three years, combining 

α-Fe2O3 nanostructures with graphene-based materials have been 

reported to substantially enhance battery performance of the 

composites [21, 24, 28-41]. Among them, few nanostructures of graphene 

based nanoplate-like or nanosheet-like α-Fe2O3 anodes with 

excellent battery performance are reported, except that Jin et al [28] 

reported a Fe2O3-graphene sheet on sheet nanocomposite using a 

water-isopropanol solvothermal method. However, a reversible 

capacity of only 662.4 mAhg-1 could be reached after 100 cycles at 

1C rate. Despite of these progress, it is still a great challenge to 

fabricate graphene-based α-Fe2O3 nanostructures both with high rate 

lithium storage and long cycle life. 

Herein, we report a facile one-step hydrothermal synthesis of α-

Fe2O3 nanoplates imbedded in graphene networks, using water and 

glycerol as hydrothermal solvents. No additives of other metal ions, 

halogen ions or PVP, which are usually used in other reports when 

preparing nanoplate-like or nanosheet-like Fe2O3 
[45], are needed in 

this system, escaping the generation of impurities. Moreover, the 

graphene oxide (GO) rather than thermally reduced graphene oxide 

(rGO) is introduced to the solvothermal reaction system. It is know 
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that the GO is easy to disperse in water and glycerol and full of 

functional groups to bond with Fe2O3 crystal. As expected, the 

resulting α-Fe2O3 nanoplates are well-imbedded in the reduced 

graphene oxide sheets, preventing the graphene sheets from 

restacking. At the same time, the graphene networks help to control 

the nucleation and growth of the α-Fe2O3 nanoplates. Such unique 

nanostructures demonstrate high reversible capacity as well as stable 

cycle performance at high rates with discharge capacities of 896 

mAhg-1 till 200 cycles and 429 mAhg-1 up to 1000 cycles at 5C and 

10C rate, respectively. To the best of our knowledge, there is no 

report on graphene-based α-Fe2O3 electrodes that can deliver such 

long cycle life with stable high rate performance till now. In 

addition, the synthesis approach presents a simple, tunable and 

environmentally friendly method for the large-scale synthesis of 

metal oxide/grapheme hybrid composite nanostructures.  

  

Results and discussion 

 

Figure 1 Schematic illustration of the formation of rGO/α-Fe2O3 nanoplate 

composite 

The synthetic route of the rGO/α-Fe2O3 nanoplate composite can be 

schematically illustrated in Figure 1. First, the Fe2+ ions from FeSO4 

are favorably adsorbed on the surface of the well-dispersed GO 

sheets via electrostatic interactions [33]. Then when heating the 

hydrothermal system to a relatively low temperature, the Fe2+ on the 

surface of the GO sheet hydrolyze, and the FeO(OH) 

heterogeneously nucleate at the interface to form ultrafine nanorice-

like particles, the GO sheet is mildly co-reduced by the Fe2+ and 

glycerol under the pressure-tight hydrothermal condition, resulting in 

the nanostructure of rGO/FeO(OH) (see Figure S1a).Upon heating 

the system  to a higher temperature, the FeO(OH) transform into α-

Fe2O3, which is also confirmed by a previous report [46]. With the 

presence of glycerol, the α-Fe2O3 nanoparticle assembles to 

nanoplate-shaped structures (see Figure S1b, S1c and S1d). During 

the hydrothermal heating process, the oxygen functional groups on 

the GO sheets are reduced to generate graphene networks, and the α-

Fe2O3 nanoplates imbedded in the networks prevent from the 

restacking of the graphene sheets during hydrothermal and drying 

process (see Figure S3). Because of the plentiful oxygen functional 

groups, the GO surface interacts strongly with the wrapped α-Fe2O3 

nanoplates, hindering the growth of the crystalline.  

It is noteworthy that the adding of glycerol as solvent plays a critical 

role in the formation process of these α-Fe2O3 nanoplates. When 

only water was added into the system, heterogeneous spherical 

particles with sizes ranging from 100~500 nm are formed (see 

Figure S4a, S4b). Some particles consist of densely packed smaller 

spherical subunits, some particles with smooth surface morphology 

have no subunits. However, when the GO solution was absent while 

the glycerol was added, smaller α-Fe2O3 nanoplates of 100~300 nm 

were obtained under the same hydrothermal conditions (see Figure 

S4c, S4d). This indicates without glycerol, FeO(OH) nanoparticles 

appreciably grow in the free solution instead of on graphene oxide 

sheets as a result of fast hydrolysis. The existence of glycerol may 

create a suitable reaction environment to help the adsorption of Fe2+ 

on the surface of GO as well as slow down the hydrolysis of the 

FeSO4, which lead to the generation of the nanoplate-like crystal. 

We also found that the glycerol content in the hydrothermal system 

presents important effect on the micro-morphology of the 

nanostructures (see Figure S5). It can be seen that when there is a 

trace amount of glycerol (Figure S5b), large α-Fe2O3 nanoplates with 

a thickness of ~100 nm and a side length of ~500 nm and smaller 

spherical particles emerge under the hydrothermal condition; when 

the glycerol increases to 20 ml (Figure S5c), smaller and thinner α-

Fe2O3 nanoplates are loosely imbedded in the graphene networks 

and there is almost no spherical particles existing; when the glycerol 

increases to 40 ml (Figure S5d), much smaller  α-Fe2O3 nanoplates 

are densely distributed among the graphene sheets. This indicates 

that the glycerol may slow down the hydrolysis of the FeSO4 and 

prevent the α-Fe2O3 nanoplates from growing up. As the previous 

report [47] indicates, the FeO(OH) nanoplate crystal tend to be smaller 

while coating on graphene oxide than on graphene sheet due to the 

functional groups and defects on the GO surface. Thus the in-situ 

generation of α-Fe2O3 in GO solution may hinder the growth of the 

α-Fe2O3 nanoplates. 

  

Figure 2 XRD patterns of the rGO/α-Fe2O3 nanoplate composite 

Figure 2 shows the powder X-ray diffraction (XRD) patterns of the 

obtained composite, all diffraction  peaks in the composite agree 

well with the standard card of  α-Fe2O3 (JCPDS 33-0664). The 

diffraction angles of the composite are a little lower than that of the 

standard XRD patterns, indicating increased d-spacing of the 

composite according to the Bragg equation of λ=2dsinθ, which could 

be further confirmed by high resolution TEM images. The intensity 

of the (104) and (110) peaks are almost the same in the composite 

while the intensity of the (104) peak is stronger than that of the (110) 

peak in the standard patterns. This may be ascribed to a trace amount 

of γ-Fe2O3 (JCPDS No.39-1346) existing in the composite, the 

overlap of (110) peak at 35.61° for α-Fe2O3 and (119) peak at 35.65° 

for γ-Fe2O3 resulted in an intensified peak at ~35.65° [48]. The sharp 

peaks indicate the good crystallinity of the α-Fe2O3 in the composite. 

Generally, good crystallinity of the electrode material helps to 

enhance the transport of lithium ions in the crystal. It is noted that 

the hydrothermal reaction temperature plays an important role on the 

crystal structure of the composite (see Figure S2). When the 

temperature is below 120℃ , the XRD pattern of as obtained 

composite agrees well with goethite FeO(OH) with broad peaks, 

indicating low crystallinity of the composite. When the temperature 

was increased above 120℃ (140℃, 160℃, 180℃), the XRD patterns can 

be indexed to hematite α-Fe2O3, and the intensity of the diffraction 

peaks become stronger as the heating temperature increases. Figure 
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S2 presents the transition temperature of 120~140℃ from goethite 

FeO(OH) to hematite α-Fe2O3 under the hydrothermal condition in 

this study.  

 

Figure 3 SEM (a,b) and TEM (c,d,e) images of the rGO/α-Fe2O3 nanoplate 

composite 

Figure 3 shows the scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) images of the rGO/α-Fe2O3 

nanoplate composite. Figure 3a, 3b reveals that α-Fe2O3 nanoplates 

are uniformly wrapped by curled graphene nanosheets with 

anisotropic orientation of the nanoplates. Typically, the α-Fe2O3 

shows irregular plate-like morphology with a thickness of 20~30 nm 

and a side length of 100~300 nm, which could be confirmed both by 

SEM (Figure 3b) and TEM (Figure 3d) images. The nanoscale sizes 

(thickness 20~30 nm, length 100-300 nm) of the α-Fe2O3 nanoplate 

were desirable owing to decreased transport length for Li ions and 

electrons. Figure 3d further confirms that the α-Fe2O3 nanoplate was 

an intact crystalline rather than composed of layered disks or sheets 

which is reported previously [24]. Figure 3d shows the typical 

interface between the rGO and α-Fe2O3 nanoplate, the high-

resolution TEM images of the α-Fe2O3 nanoplate lying horizontally 

in Figure 3f could further reveal the crystal growth orientation, and 

the lattice distances of 0.256 nm with two different orientations in 

figure 3h are corresponding to (110) and (1-20) planes of α-Fe2O3, 

respectively. This shows the selectively oriented growth of α-Fe2O3 

is perpendicular to the (001) plane. The folded structure of the 

graphene edge in figure 3g allows for the evaluation about the 

thickness and interlayer spacing, indicating an interlayer distance of 

0.41nm and a triple-layer of the graphene. It is noted that the TEM 

images were obtained after vigorous sonication for 2h, the α-Fe2O3 

nanoplates are still tightly attached to the graphene networks, 

indicating strong bond between the α-Fe2O3 nanoplates and 

graphene. The α-Fe2O3 nanoplates are wrapped within the ultrathin 

and flexible graphene networks, which can effectively prevent the 

aggregation of α-Fe2O3 nanoplates as well as accommodate the 

volume change during long cycles of charge and discharge. In 

addition, the conductive graphene networks with direct and tight 

contact of α-Fe2O3 nanoplates could provide an efficient lithium ion 

and electron transport for the electrochemistry process of α-Fe2O3 

nanoplates.  

 

Figure 4 CV (a) and charge-discharge (b) curves of the rGO/α-Fe2O3 nanoplate 

composite 

The electrochemical property of the rGO/α-Fe2O3 nanoplate 

composite was systematically investigated at room temperature. 

Figure 4a shows the representative cyclic voltammograms (CVs) of 

the rGO/α-Fe2O3 nanoplate composite. There is a sharp cathodic 

peak observed at 0.7V at the first cycle for the composite, 

representing the Li insertion into the α-Fe2O3 and the formation of 

amorphous Li2O, which have been well elaborated in previous 

studies [4, 9, 18, 49]. This cathodic peak is obviously higher than that of 

previous reports [18, 49], indicating easier Li insertion reaction for the 

rGO/α-Fe2O3 nanoplate composite. The reduction peak of 0.7V shifts 

to a higher potential of 0.9V at subsequent cycles, indicating the 

irreversible phase conversion in the first cycle [31]. On the other 

hand, a broad oxidation peak of 1.6~1.9 V, which could be 

attributable to the oxidation from Fe0 to Fe2+ and Fe2+ to Fe3+, are 

found in following anodic process. For the second sweep cycle, a 

cathodic peak at 1.3V appeared after the first cycle, which is 

attributed to the conversion of α-Fe2O3 to the cubic Li2Fe2O3, 

indicates the activation process of the first cycle [4]. It is noteworthy 

that after the first cycle, the CV peaks overlap well, indicating good 

reversibility of the discharge–charge reactions of the composite.  

Figure 4b shows the charge-discharge voltage profiles of the rGO/α-

Fe2O3 nanoplate composite at 0.1C rate (1C=1000mAg-1). It’s noted 

that the rGO displays high capacities as anode materials, as figure S7 

shows, the rGO prepared under water-glycerol hydrothermal 

conditions have discharge and charge capacities of 1521.5 and 584.2 

mAhg-1, respectively. The rGO in the composite also contributes 

capacities during charge and discharge process, so the specific 

capacities are calculated based on the total mass of the rGO/α-Fe2O3 

nanoplate composite in this article. The initial discharge and charge 

capacities are 1782.9 and 1121.8 mAh g−1, respectively (the values 

are 1248 and 785.3 mAhg-1, respectively, based on the mass of α-

Fe2O3 suppose the rGO has equal specific capacity as α-Fe2O3). The 

composite has a low coulombic efficiency of 62.9%, the irreversible 
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capacity loss in the first cycle is most likely due to incomplete 

reversible reaction and inevitable formation of solid electrolyte 

interface (SEI) of the composite [50]. However, the coulombic 

efficiency rises rapidly to 93.5% in the second cycle and reaches 

97.9% in the 10th cycle, suggesting an excellent reversible Li+ 

intercalation/extraction performance.  

 

Figure 5 the cycling capacities (a) and charge-discharge curves (b) of the rGO/α-

Fe2O3 nanoplate composite at various C rates 

 

Figure 6 the cycling performance of the rGO/α-Fe2O3 nanoplate composite at 5C 

and 10C rate (identical charge and discharge rate) 

In order to evaluate the rate performance of the electrodes, the 

discharge−charge tests were carried out at various current densities. 

Figure 5a and figure 5b show the cycling capacities and the 

discharge−charge curves of the electrode at different C rates, 

respectively. Stable reversible capacities of 1149, 1041, 986.5 and 

899.4 mAhg−1 were retained at 0.1C, 0.5C, 1C and 2C rates, 

respectively. Remarkably, stable reversible capacities of ~774, ~697, 

~603 and ~475 mAhg−1 could still be delivered when the C rates rise 

to 5C, 7C, 10C and 15C, respectively, indicating the rGO/α-Fe2O3 

nanoplate composite has excellent rate performance. When the C 

rate reduces back from 15C to 0.1C, the discharge capacity could 

still reach ~1253 mAhg-1, indicating excellent reversibility of the 

composite.  Moreover, the discharge capacity rises slowly with the 

cycle number, the reason for this observation will be discussed in 

following paragraph. As a comparison, the rGO/α-Fe2O3 hybrid and 

the α-Fe2O3 nanoplate prepared without adding of glycerol and 

graphene oxide respectively show much poorer rate performance 

(see figure S8a). The outstanding rate performance of the rGO/α-

Fe2O3 nanoplate composite should be attributed to the synergistic 

effects of the well dispersed α-Fe2O3 nanoplates and conductive 

flexible graphene networks. Recently, Lu et al [51]found that α-Fe2O3 

nanoplates exhibit significantly improved electrochemical 

performance compared with α-Fe2O3 nanograins, it is suggested the 

α-Fe2O3 nanoplates have hexagonal framework with pores on the 

(001) basal surfaces, readily supplying a pathway for easy lithiation-

delithiation, and the shorter thickness along the <001> direction 

provide shorter transport length for Li+ and electrons. At the same 

time, the conductive graphene networks with direct and tight contact 

of α-Fe2O3 nanoplates also provide fast lithium ion and electron 

transport for the composite, which will greatly enhance the rate 

performance of the composite. 

To test the long cycle stability of the rGO/α-Fe2O3 nanoplate 

electrodes, the discharge−charge measurements were carried out at 

5C and 10C rates, respectively. Figure 6a, 6b shows the extremely 

high cyclic stability of the electrode at such high C rates. As is 

shown, a capacity of 896 mAh g-1 is still retained till 200 cycles at 

5C. Except for the large capacity loss for the first cycle, the capacity 

of the composite electrode shows a slow decrease from 828 mAhg-1 

in the second cycle to 666.4 mAhg-1 in the 77th cycle, followed by 

slow increase in the subsequent steps as mentioned above. Similar 

phenomena have also been observed in previous reports [18, 25, 52]. 

The slight capacity fade should be attributed to the pulverization of 

the α-Fe2O3 nanoplates during the initial cycles, resulting in the loss 

of the electrical connectivity between the particles and current 

collector. The subsequent capacity increase may be explained as 

follows: 1) the pulverized nanoplates are attached to the graphene 

networks during subsequent cycles, which will facilitate the 

reversible reaction of the electrode, 2) the graphene networks itself 

contributes to part of the reversible capacity as figure S7 shows. As a 

comparison, figure S5b shows the cycling performance of the 

rGO/α-Fe2O3 hybrid and the α-Fe2O3 nanoplate at 5C rate. The 

rGO/α-Fe2O3 hybrid delivers low but relatively stable cycling 

capacities compared with the rGO/α-Fe2O3 nanoplates, indicating the 

nanoplate shape of α-Fe2O3 is favourable to the lithium storage and 

conversion than the nanoparticle shape. The α-Fe2O3 nanoplate 

undergoes rapid capacity fade during the initial cycles compared 

with the rGO/α-Fe2O3 nanoplates, indicating the graphene networks 

in the composite play a key role in the excellent long cycling 

performance as well as high rate capacity as explained above. The 

synergistic effects of the α-Fe2O3 nanoplates and graphene networks 

result in the superior electrochemical performance of the rGO/α-

Fe2O3 nanoplate composite. 

Noticeably, the electrode delivers a capacity of 429 mAh g-1 at 10 C 

rate up to 1000 cycles with high coulombic efficiency of ~99%, as 

show in figure 6b. To the best of our knowledge, such high capacity 

with ultralong cycle life at 10 C rate in our rGO/α-Fe2O3 nanoplate 

composite as anode have not been reported before. Table 1 shows 

the cycling performance of α-Fe2O3 nanostructures reported in recent 

years, our rGO/α-Fe2O3 nanoplate nanostructures show superior 

performance than the others. This outstanding performance could be 

attributed to the unique nanostructure of the composite in which thin 

nanoplate with stacked (001) planes effectively shorten the diffusion 

path of Li ions, and the flexible conductive graphene networks 

provide fast electron transport and effectively  guarantee the 

structural stability during the charge-discharge process. Additionally, 

the high surface area derived from the thin graphene and α-Fe2O3 

nanoplate provides efficient contact area of the electrolyte/active 

materials.  
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Table 1. The cycling performance of some α-Fe2O3 nanostructures reported in 
recent years 

Ref. Fe2O3 anode Carbon content/wt% Cycling performancem/Ahg
-1

 

This 

work 

rGO/α-Fe2O3  

nanoplate 

30    graphene 

10    carbon SP 

896/5C/200 cycles 

429/10C/1000 cycles 

24 α-Fe2O3/RGO 

24.4  RGO 

20     carbon SP 

~337/10C/150 cycles 

~516 /3C/150 cycles 

29 

Fe2O3/graphene 

rice on sheet 

52.6  graphene 

10     acetylene black 

~800/0.2C/100 cycles 

30 

RGO-Fe2O3 

nanospindle 

24.4 RGO 

10    acetylene black 

336/5C /100 cycles 

28 

Fe2O3-graphene 

sheet-on-sheet 

59.4 graphene 

10    acetylene black 

622.4/1C /100 cycles 

322.5/5C/ 100 cycles 

32 RGO/ Fe2O3 20    RGO 1027/ 0.1C /50 cycles 

33 

Fe2O3/Graphene 

Aerogel 

22 graphene 

10 Carbon SP 

372/5C/50 cycles 

34 

Fe2O3/graphene 

nanocomposite 

—   Graphene 

10  acetylene black 

220/ 3C/30 cycles 

27 

G-CNT-Fe 

3Dnanostructure 

— Graphene/CNT 

15  ketjen black 

∼865/ 0.1C/45 cycles 

17 
α-Fe2O3 hollow 

spheres 
10  Super-P 710/ 0.2C/100 cycles 

19 

Hierarchical 

core–shell α-

Fe2O3@C 

nanotube 

20   carbon black 482/4C/ 1000 cycles 

53 
Fe2O3/GS 

Aerogel 

45.9  graphene 

10    carbon black 

733/2C/ 1000 cycles 

18 

Hierarchical 

hollow spheres 

of α-Fe2O3 

nanosheet 

10    acetylene black 815/ 0.5C/200 cycles 

 

Experimental 

Synthesis of Graphite Oxide. Graphite oxide was synthesized from 

natural graphite by an improved Hummers method [54]. Briefly, a 9:1 

mixture of concentrated H2SO4/H3PO4 (120:14 ml) was added to a 

mixture of graphite powders (1.0 g) and KMnO4 (6.0 g) under 

magnetic stirring. The reaction was then heated to 50 °C and stirred 

for 12 h. The reaction was cooled to room temperature and poured 

onto ice (140 ml), then 60ml 30% H2O2 was poured to the mixture 

until it turns to gold yellow. After that, the yellow solution was 

centrifuged and washed in succession with 200 ml of water, 300 ml 

of 10% HCl, and 900 ml of ethanol to remove other ions. The solid 

obtained after centrifuged was vacuum-dried for 24h at room 

temperature. 

Preparation of rGO/α-Fe2O3 nanoplate. The rGO/α-Fe2O3 

nanoplate composite was prepared by a simple one-step 

hydrothermal method. First, 1.1g FeSO4·7H2O (99% purity, Tianjin 

Damao chemical Reagent Co., Ltd) were dissolved in water-glycerol 

alcohol solution (80ml water and 20ml glycerol), and then 0.04g 

graphite oxide was added into 40ml water and sonicated for 2h to 

obtain the graphene oxide solution. Subsequently the two as-

prepared solutions were mixed together with continuous stirring for 

30min. The mixed solution was sealed into 200 ml Teflonlined 

stainless steel autoclave and heat treated at 140~180 °C for 10 h. The 

as-prepared products were collected by filtration, washed with water 

and ethanol for several times, and dried at 80°C for 10h.  

Materials Characterizations. The structure of rGO/α-Fe2O3 

nanoplate composites were measured by XRD (SIEMENS D-500) 

using Cu Kα radiation, ranging from 10° to 80° at a step of 8 °·min-1. 

The micro morphologies of the composites were studied using field 

emission scanning electron microscopy (HITACHI S4800, Japan) 

and transmission electron microscopy (TEM, TECNAI, Philips, 

Netherlands). The thermogravimetric analysis (TGA) was measured 

with a TGA-600 with a heating rate of 10°·min-1  to determine the 

graphene content in the composite. It contained 30 wt % rGO as 

measured by TGA (see Figure S3). 

Electrochemical Characterization.  Electrochemical experiments 

were performed using 2016 coin-type cells. The working electrode 

of the rGO/α-Fe2O3 nanoplate composite was prepared by mixing 80 

wt% active material (rGO/α-Fe2O3 nanoplate composite) with 10 

wt% Super P and 10 wt% polyvinylidene fluoride (PVDF) binder 

using N-methyl-pyrrolidone (NMP) as the solvent. After mixing 

well, the slurry was pasted on copper foil and dried overnight at 

100°C in a vacuum oven.. The metallic lithium foils and 1 M LiPF6 

in EC/DEC (1:1 by volume) were used as the counter electrode and 

electrolyte, respectively, and Celgard 2400 was the separator. 

Galvanstatic charge-discharge measurements were performed using 

a battery tester (LAND CT-2001A, Wuhan, China) at room 

temperature in a potential range of 0.01~3.0 V (vs. Li+/Li) at various 

current densities. The specific capacity was calculated based on the 

mass of the rGO/α-Fe2O3 nanoplate composite. The areal loading 

density of the composite in the copper is 0.3~0.5 mg cm-2.Cyclic 

voltammetry (0.01~3.0 V, 0.1 mV s-1) was performed with an 

electrochemical workstation (CHI 660C). 

Conclusions 

In conclusion, we have demonstrated a facile one-step hydrothermal 

strategy to build a nanostructure of α-Fe2O3 nanoplates imbedded in 

graphene networks. In this method, the graphene oxide can be 

effectively co-reduced by Fe2+ and glycerol, the thin α-Fe2O3 

nanoplates were well dispersed in the graphene networks with tight 

contact. The unique structures can provide fast electron transport and 

shorten the diffusion path of the Li ions as well as accommodate the 

volume change of the composite in the cycling, leading to superior 

lithium storage and long cycle life. The rGO/α-Fe2O3 nanoplate 

composite demonstrates high discharge capacities of ~896 mAhg-1 

till 200 cycles at 5C and ~429 mAhg-1 up to 1000 cycles even at 10C 

rates. In addition, the simple, tunable and environmentally friendly 

synthesis approach described in this work can be extended to the 

large-scale fabrication of metal oxide/graphene hybrid composite 

nanostructures. 
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