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Abstract Graphene materials are materials with a flat mono/few layer of carbon atoms tightly packed to a two-dimensional
honeycomb lattice. Graphene materials are expected to be applied in lithium ion batteries due to their unique structural,
mechanical and electrical properties. As an anode material, the charge/discharge characteristics of graphene materials is
similar to those of low-temperature soft carbon materials, such as high capacity, low initial efficiency and large voltage hys-
teresis. Although attractive results have been achieved for graphene as anode materials for LIBs, detailed lithium storage
mechanisms are still not clear. The effects of the following several structural parameters including disorder degree, surface
area, micropores, interlayer spacing, C/O ratio and layer number on the lithium storage properties are discussed. Thermally
reduced graphene materials with a highly disordered structure and high surface area has exceptionally high reversible capac-
ity. Micropores in graphene materials have a great impact on their electrochemical performance. Although these micropores
can provide additional sites for increased reversible lithium storage, it can also results in severe capacity fading and voltage
hysteresis. Oxygen functional groups and larger interlayer spacing may provide higher reversible capacity of graphene, but
the micropores and defect-based reversible storage may be the main contribution. Effect of layer number on lithium storage
mechanisms of graphene and the conclusion are still in debate. Graphene with rich oxygen functional groups is a promising
cathode material with high capacity and rate performance for lithium storage. High specific capacity of graphene cathode is
mainly ascribed to lithiation reaction of oxygen functional groups, such as epoxide and carbonyl groups. Lithiation of oxygen
functional groups still requires further study for a full understanding. Based on the lithium storage characteristics of graphene
anode and cathode, lithium ion capacitors with high energy density and graphene composite cathode materials for lithium ion
batteries may be designed and developed in the future. Graphene based lithium ion capacitors facilitate the reversible lithium
storage, which significantly improves the energy density of lithium ion capacitors compared to those of conventional systems
based on activated carbon. LiFePO, modified with graphene layers has reached 208 mAh/g in specific capacity. The excess
capacity is attributed to the reversible reduction-oxidation reaction between the lithium ions of the electrolyte and the exfoli-
ated graphene flakes.
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Figure 1 Schematic images of the chemical structure of a single sheet of graphene oxide and graphene’

(a), (¢) graphene oxide; (b), (d) graphene
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Figure 2 Charge and discharge curves of graphene!?'!
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Figure 3 Lithium storage capacity and charge/discharge curves of various carbon materials'**!
(a) Relationship between reversible capacity and heat treatment temperature for a variety of carbon materials. Plots of voltage versus reversible capacity for the sec-
ond charge-discharge cycle of representative carbon materials: (b) graphite; (c) low temperature soft carbon and (d) hard carbon
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Table 1 Electrochemical performance of graphene anode materials

1™ discharge capacity/
No Sample

1* reversible capacity/ BET/

Initial efficiency/% doooy/nm  Ip/lg  Ref.

(mAh-g ) (mAheg ) (m’+g )
1 600 C thermal reduction 1528 794 52.0 184 352 151 [36]
2 300 C thermal reduction 1514 1013 66.9 3.65 ©
3 Electron-beam reduction 2042 1054 52.0 379 151
4 Hydrazine reduction 708 330 46.6 381  0.74
5 Pristine graphene 758 335 442 7.34
6 Hydrazine Reduction; GNS 540 0.365
7 Hydrazine reduction; GNS+CNT 730 0.40 [35]
8 Hydrazine reduction; GNS+Cg 784 0.42
9  N,H, reduction 2632.6 1225.3 46.5 14.5 0.357 0091
10 KBH,reduction 1060.7 525.6 49.6 3.7 0.359 0.81
11 300 ‘C thermal reduction 1481.4 858.5 58.0 1149 0364 0.88 [38]
12 500 ‘C thermal reduction 1221.4 733.1 60.0 52.0 0348 1.07
13 800 ‘C thermal reduction 662.6 365.4 55.1 449 0336 0.90
14 300 °C thermal reduction 2137 994 559.3
15 600 C thermal reduction 1523 720 412.1 [37]
16 800 °C thermal reduction 1167 444 380.0
17 Exfoliation at 1050 ‘C anod 2000 Q48 04 086  [39]
thermally reduced at 700 ‘C
18 1050C exfoliation and D 2179 955 438 [40]
thermally reduced at 450 ‘C
19 Thermally reduced at 250 C 1248 843 68 [41]
20 Hydrazine reduction and D 945 650 68.7 [21]
thermally reduced at 500 ‘C
21 thermally reduced at 300 ‘C 1409 727 51.6 1.21  [42]
22 thermally reduced at 550 ‘C 1526 435 28.5 1.03  [43]
23 thermally reduced at 300 ‘C 1650 905 54.8 [44]
24 Graphene oxide 520 198 38.1 [44]
25 Exfoliation at 1050 C 1233 672 52.1 [34]
26 Hydrotreatment at 180 ‘C for 20 h 1200 426 35.21 [45]
27 Hydrazine reduction 1472 378 25.7 [46]
28 Hydrazine reduction 950 401 422 [47]
29 Hydrazine reduction 1130.7 265.3 235 [48]
30 Hydrazine reduction 691 288 [49]
31 Hydrotreatment at 200 ‘C for 10 h 803 261 325 1.01  [50]
32 NaBH, reduction 669 156 233 [51]
33 NaBH, reduction, annealed at 200 C/Ar 900 500 55.5 145 [52]
34 CVD method, porous graphene 4858 1827 37.6 1654 20 [53]
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