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Abstract — Graphene is a two-dimensional nanosheet consisting of honeycomb lattices of sp> carbon atoms. It is one
of promising active materials for the anode of lithium-ion battery and the electrode of supercapacitor, due to its large
specific surface area(theoretically 2600 m? g™'), high electric conductivity(typically 8x10° S cm™), and mechanical
strength. In this review, the synthetic methods of graphene nanosheet and graphene-based nanocomposite are intro-
duced. Also, the electrochemical properties obtainable when the graphene-based materials are adopted to the electrodes
of lithium-ion battery and supercapacitor are discussed along with their nanostructures.
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Fig. 2. (a,b)Li intercalated graphene structures of graphite and (c)a hole creation mechanism by molecular condensation reaction|[12].
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Table 1. Summary of graphene-based electrode material studies for Li-ion batteries

Materials Synthesis Charge-discharge characteristics Remarks Ref.
. . Reversible capacity@ 0.05 A/g
- Graphene nanosheet - Exfohatlor{ from graphite - 540—290 mAh/g@20 cycle(retention 54%) Inter-graphene
- Graphene+CNT - Reassembling process N . 2 10
- Graphene+C, - Reassembling process - 730—480 mAh/g@20 cycle(66%) sheet distance’
60 - 780—600 mAN/g@20 cycle(77%)
Pristine:

Chemical treatment to aqueous - 680—84 mAh/g@?2 cycle (12.4%), Effect of heat
Graphene paper dispersion, vacuumfilteration, and - 582 mAh/g(2.0V cut-oft) with a plateau at 2.20 V treatment 17

controlled restacking 800°C heat treatment:

301 mAh/g@]10 cycle (30%)

Graphite oxide—exfoliation to graphene Loose graphene

Reversible capacity@]1 C-rate

Graphene nanosheet oxide by ultrasonication—hydrazine nanosheets crumpled, 18
reduction—>3500 °C, Ar 650460 mAN/g@100 cycle aggregated
Artificial graphite—graphite oxide . . Disordered graphene
Graphene nanosheet dispersion—1050 °C heat treatment Reversible capacity@1 cm2 structure with smaller 19

672—502 mAh/g @30 cycle

—ultasonication crystalline size

Charge/discharge capacity

- Graphene oxide - Hummers method

. - 758/335 mAh/g b
- Graphene nanosheet - 300°C annealing Iyl & dygn 20
- Graphene nanosheet - Electron beam irradiation - 1544/1010 mAh/g—>1013-834@15 cycle

-2042/1054 mAh/g—1054-784@ 15 cycle

“Control of intergraphene sheet distance may be crucial for enhancing the storage capacity
bInterlayer spacing (dyg) is closely related with the reversible capacity. As an another key factor, the intensity ratio (I/1.;) between D- and G-bands in Raman
spectra indicates the disorderness of crystalline structures
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Fig. 3. (Left) Graphene structure where carbon atoms are bonded together through sp? hybridization. (Middle) Shiny and flexible graphene
paper formed by controlled restacking of graphene sheets [16]. (Right) Cross-sectional image of graphene paper [17].
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Table 2. Summary of graphene-based composite electrode material studies for Li-ion batteries
Composite materials Synthesis Charge-discharge characteristics Remarks Ref.
Metals
1. B-doped graphene First-principles calculation: formation of LiC,Bs Theoretical Li storage capacity 2271 mAh/g Theoretical 21
Graphene oxide dispersion with -_L1th1um storage cap a.CIty of graphene Buffering volume
2. Sn-graphene . o =744 mAh/g (theoretical) .
. SnCl,-2H,0O—annealing (200°C, 15h) . expansion 23
nanocomposite 2580 35 Wt.% Sn/eranhenc nanocomnosite - Rev. capacity of Sn/graphene@55mA/g of Sn
o OIErp P = 810->508 mAW/g@100 cycle
. . . .. . . Capacity 1168 mAh/g up to 30 cycles, Average a
3. Si-graphene composite ~ Simple mixing of Si & graphene (1:1 w/w) Coulombic efficiency up to 93% Good contact 24
Carbon & polymer
CNT oxidation in HNO; sol’n—>reoxidation in
1. Graphene-CNT H,S0,-THF® — oxalic acid + oxidized CNT in Rev. capacity@0.2 C-rate Tube-in-tube 2%
nanocomposite THF+H,SO, solI’'n—>He flow, heating (600- 380—370 mAh/g@20cycle shape
800°C, 10h)
. Lo .. Rev. capacity@1/15 C-rate .
2. Graphenepolyaniline Graphe{'@ powder dispersion in IM HCI, mixing g0 cc0m Ah/g @40cycle (84%) Possible to use as
. with aniline monomer (0.2 M)—in situ . . anelectrode of 28
nanocomposite (9:1 w/w) olvmerization Electrochemical capacitor capacitor
poly Overall capacitance 408 F/g@5 mV/s P
Metal oxides
Anatase TiO,-graphene
Specific capacities: 160 mAh/g @1C-rate,
.. . . . ) : ” .
1. TiO,-graphene (0.5-2.5 Mixing v.vnh gaphene sheet & TiO, '(rutlle., 96 mAh/g at 30 C-rate, Coulombic eff. 98%, Capacity High-rate 31,
wt"/)ﬂ brid nanostructurcs anatase) in sodium dodecyl sulfate dispersion  retention 100% up to 100 cycles capabili I
oy —Add TiCl; & H,0, Full cell: LiFePO,|janatase TiO,-grphene pability
Power density 4.5 W/g, Energy density 263 Wh/kg,
Coulomb eff. 100% up to 700 cycles
2. SnO,-graphene . Graphene nanosheet fron.1 modified Humm.ers Rev. capacity@50 mA/g Graphene
nanosheet nanocomposite method + SnO, nanoparticle from hydrolysis of nanosheetplaysa 33
2 810—570 mAh/g@30cycle (70%)
([Sn)/[C]=1.5) SnCl,-5H,O role of buffering
Mixing graphene nanosheet dispersion and . Annealing effect
iﬁgg;grggT:?Z. 6 wiw) SnCl,-2H,0 sol’'n — adding NaBH, & 120°C sg;:zg%ch%SS&%{)gc cle to increase cycle 34
P ’ refluxing — annealing (300°C,10h, Ar) & Y life
Rev. capacity@74 mA/g
4. Co;0,-graphene Graphite oxide dispersion + CoPc® — pyrolysis 754—760 mAh/g@20 cycle High-rate 35
composite (66:34 w/w) (800°C) — oxidation at 400°C Rev.capacity @1860mA/g capability
500 mAh/g
5. Cu,0-graphene Graphite oxide + Cu(Ac),’ in EtOH, sonication
. HU-! . . . st .t
composite (Cu,0 ~20 wi%) (—1>6a(()i:ice)thylene glycol, sonication — heating 1100 mAh/g@1* cycle Poor cycleability 36
Ceramics
Grphnesioc Gt o5 Tprlon I o casatomi e e
composite (SIOC 25 wt%) ? At 100°C) & & 1141357 mAh/g@20 cycle & araphons
As an additive
L1FeP0f1/graphene Graphene suspension +,(NH4)2.F 6(8.04)2'6H30 &Discha. capacity 160 mAh/g@0.2 C-rate, Cathode active
composite (graphene NH,H,PO, aqueous sol’n — Sintering (700°C, . . . 38
1.5Wt%) 18 h) Capacity retained 110 mAh/g@ 10 C-rate material

“Si/graphene composite can accommodate large volume change of Si and maintain good electronic contact.
PTHF denotes tetrahydrofuran. During this stage, full reintegration of graphene is allowed.

“CoPc: cobalt phthalocyanine
dCu(Ac),: copper acetate

o] B5kA[10,24], AEA 312} polyaniline?}S] EA[25]), 4
AbalE o] B (Ti0,[26,27], Sn0,[28,29], Co50,[30], Cu,0[31])
2 A Hek[32] 50] Utk o] Lol Mo|FEAatelE 257
o] A7 (LiFePO, = TEA 2] H7HA|[33)E AR3he A%
itk olefgt 2d 7|k H3A A58 glEeldA Y] TS
2 AQgstols wel Aristeta] B4 sk Table 29 2t}
£ Wang 52112 ©]&=24 2] first-principles AXE, A2 02+
W =sk=o] 2 AliH(density function theory calculationyS 3l 54

By} SR e AR Fao] 7L Bad} o] $)x1eh
o] BCZ T3, eole H3 ol elFo] BaE olow

2= hexagonal center®] ‘4ol $IX18h= LigBCE 3/, 31 A%+

2] ol J=21 2,271 mAh g7HA] 2l AFEHES FIAD S
itk ®Hasigict. o] 71 MR Axke] vhaixte] A4
2|7} MEE (distorting)ol] Wt 2l F-AAE 18R S o 2ol
A 5 QISS UEgolE Ao R 53 AM[34]7 A
1A T} 3 Wang $[2212 129 WA EQ) ok EF
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Fig. 4. SEM images of graphene-CNT nanocomposite (tube-in-tube
shape) [24].
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Fig. 5. Anionic sulfate surfactant mediated stabilization of graphene and growth of self-assembled TiO,-functionalized graphene sheet (FGS)

hybrid nanostructures [26].
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-
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Fig. 6. (a) Synthesis and (b) structure of SnO,-graphene nanosheet
[28].
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Table 3. Summary of graphene-based electrode material studies for supercapacitors

Electrode materials Synthesis Capacitance & cycle performance Remarks Ref.
. . Graphite oxide dispersion in water — - Galvanostatic dlgcharge @10mA/g
Chemically modified . . 99~135 F/g varying electrolytes
hydrazine hydrate reduction — graphene . 39
graphene sheet agglomerate (15~25 m) - Cyclic voltammogram average 99~120 F/g @ 20mV/s
8 H 97 F/g @400 mV/s
. . Graphite oxide dispersion in water — - 205 F/g@100 mA/g (power density 10 W/g, energy density
Crl;er}rllelflzlly modified hydrazine hydrate reduction (72 h) — 28.5 Whi/kg) 40
grap annealing (400°C, 3h, Ar) - capacitance retention 90% @1200 cycles
Electrophoretic deposition of graphene - Cyclic voltammogram average 164 F/g @10mV/s OPPD .
Graphene nanosheet . . ; 5 L . adsorption
on Ni foam colloids on Ni foam — annealing (400°C, - Galvanostatic discharge capacitances on the 41
3 h, Ar) 139 F/g @3A/g, 100 F/g@o6A/g araphene

Graphene-polyaniline
nanocomposite (polyaniline
70% pore volume)

Anodic electropolymerization
of aniline on graphene paper

233 F/g & 135 F/em® @50 mV/s

Flexibility 30

Graphene oxide dispersion + SnCI;2H,0 +
HCI + urea — stirring (60°C, 6 h)

Graphene-SnO,
nanocomposite

43.4 F/g @1000 mV/s

High-rate

capability 42

“OPPD: p-phenylene diamine
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