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Experimental Details

Synthesis of GO. The graphene oxide (GO) was synthesized through three temperature regimes (low temperature, medium temperature and high temperature) to accelerate the reaction kinetics and precisely control the oxidation of graphitic flake, which was helpful to facilitate the exfoliation of GO. All the chemicals were used without further purification.

[bookmark: OLE_LINK228]Typically, pristine graphite (2.5 g, Alfa Aesar) and NaNO3 (1.2 g, > 99.0%, Sigma Aldrich) were slowly added in concentrated H2SO4 (55 ml, 97%, Sigma Aldrich) contained in a three-necked flask which was immerged in ice bath (< 4 ℃). Then, KMnO4 (7.5 g, > 99.0%, Sigma Aldrich) was slowly added in order to maintain the system temperature below 4 ℃ in the ice bath.

Low temperature reaction: The solution was magnetically stirred for 90 min and the temperature was controlled below 4 ℃. 
Medium temperature reaction: The temperature of the solution was raised to 36 ℃ and hold for 30 mins. After the oxidation, the solution turned into a viscous brown suspension.
High temperature reaction: Deionized water (110 ml) was then added in the solution and the system temperature was found to rise by ~20 ℃ due to large released heat. External heating was then applied to increase the suspension temperature at 80 ℃ for 60 mins.

Afterwards, the oxidation reaction was terminated by adding 30 wt% H2O2 (10 ml, Perhydrol® EMSURE), followed by a natural cooling. The color of the suspension turned into yellowish brown. In order to remove the residual metal ions, the suspension was washed for three times using 10 wt% HCl solution (Sigma Aldrich) by centrifugation at 2000 rpm. Finally, the resultant GO cake was copiously purified with deionized water for several times till the pH values of the supernatant were in the range of 6-7 [1].







[bookmark: _Hlk2498050][bookmark: _Hlk17070391]GO coagulation bath. The GO suspension was diluted to the concentration of 15 mg ml-1 and was then extruded into 1 wt% CaCl2 (Sigma Aldrich) coagulation bath containing with 5 wt% ethanol (Fisher Chemical) at the speed of 2.00 ml min-1 using a syringe pump to form GO beads. The addition of ethanol helped to reduce the surface tension of coagulation solution so that GO beads were able to maintain the original bead-shape upon going through the solution surface [2]. The freshly formed GO beads were soaked in the CaCl2 solution for 24 hours in order to achieve robust structure. The formation of GO beads within CaCl2 coagulation bath is shown in Movie S2 (Supporting information) and the images of bead-like GO are given in Fig. S2. The GO beads were then washed with deionized water for 3 times to remove the residual CaCl2 salt, followed by drying at 50 ℃ overnight to obtain as-prepared GO.
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Fig. S1. Schematic illustration of microwave-assisted reduction of GO in which microwave arc takes place on the annealed GO surface.
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Fig. S2. Photographs of GO beads formed in 1wt% CaCl2 coagulation bath after 24 hours immersion, depicting that (a) the GO beads are robust enough and (b) the bead size of GO beads is about 6 mm. 
[image: ]
Fig. S3. A microwave localized heating simulation of GO sheet on which only polarized carbon atoms were heated up (grey for unpolarized carbons, yellow for polarized carbons, red for oxygens and blue for hydrogens).
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Fig. S4. Digital photographs of the occurrence of arc upon microwave irradiation of annealed GO. (a) Before microwave irradiation. (b) Heating up of annealed GO by microwave irradiation. (c) The initiation of arc arising from annealed GO surface. (d) the development of strong arcs with extended microwave irradiation.
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Fig. S5. Photos of 100 mg of (left) unannealed GO and (right) fluffy annealed GO, showing the large volume expansion (almost doubles the apparent volume) upon annealing at 250 ℃ in argon atmosphere, which implied the GO were efficiently exfoliated to a very large extent.
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Fig. S6. The time-temperature profiles of MWrGO-300W, MWrGO-500W and MWrGO-800W samples irradiated against with microwaves at 800 W. It also includes the heating profile of unannealed GO for comparison.
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Fig. S7. Peak fitting of GApp peak of MWrGO-800W in the Raman spectrum. 

[bookmark: _Hlk518257374]The GApp peak is theoretically regarded as simple sum of intrinsic G peak (Gin) and D’ peak, as explained in the main text. The position of D’ peak can be determined by halving the position of the 2D’ peak because the 2D’ peak is the overtone mode of D’ peak and it is distinctly far away from other Raman peaks [3]. Once the position of D’ peak is determined, the intensity contribution of D’ peak can be subtracted from GApp peak by peak fitting. The peak fitting was analyzed using Voigt deconvolution function till Chi-square is greater than 0.98.
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Fig. S8. XRD patterns of pristine graphite, unannealed GO and MWrGO-800W.

XRD is a powerful tool to investigate the structural evolutions of carbon-based materials in the perspective of interlayer spacing. The ‘fingerprint’ peak of pristine graphite shifted from 26° to 10.5° after the modified Hummer’s method, implying the successful intercalation of oxygen functional groups between adjacent graphitic sheets. After being subjected to annealing treatment and microwave irradiation, the (001) peak of as-prepared GO completely vanished and a broad (002) peak appeared at ~26° on MWrGO-800W, which was suggestive of the efficient removal of covalently bond oxygen functional groups by microwave irradiation.
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Fig. S9. FTIR spectra of pristine graphite, as-prepared GO, annealed GO, and MWrGO-800W.

The pristine graphite only exhibits four main bands: (i) A broad band at ~3435.74 cm-1 which can be assigned to the stretching vibration mode of O-H from the trapped moisture in graphite powder, (ii) Two stretching vibration modes of C-H; symmetric band at 2920.85 cm-1 and asymmetric band at 2850.21 cm-1, and (iii) An in-plane vibration mode of C=C at 1620.70 cm-1 which originates from the C=C component of aromatic structures [4-6].

[bookmark: _Hlk4011752]After the modified Hummer’s method, numerous oxygen-related bands were formed on as-prepared GO: (i) a stretching vibration mode of C=O at 1724.20 cm-1, which was attributed to carbonyl and carboxyl groups, (ii) a stretching vibration mode of C-O-C at 1218.12 cm-1, which represented the epoxy functional groups, (iii) a stretching vibration mode of C-OH at 1383.56 cm-1, which is related to hydroxyl groups, and (iv) a stretching vibration mode of C-O in the low IR region ranging from 1044 to 1100 cm-1 [6, 7]. After annealing treatment, it is observed that peak intensities related to the oxygen functional groups other than the thermally stable C-O groups were significantly reduced, indicating the restoration of conjugated network. Notably, all the oxygen-rich groups, particularly C-O groups, were removed after microwave irradiation, indicating the feasibility of microwave-assisted reduction of annealed GO.

[image: ]
Fig. S10. (a) Normalized TGA plots and (b) DTG plots for as-prepared GO, annealed GO, and MWrGO-800W at the heating rate of 5 ℃ min-1.

It is recognized that the as-prepared GO was thermally unstable and three-stage weight loss was observed against increasing temperature. The initial weight loss was ca. 10 wt% up to 100 ℃, which was ascribed to the evaporation of the interlamellar water [8]. The second stage weight loss was consisted of one sharp slope (100 ℃ to 200 ℃) and one slow slope (200 ℃ to 600 ℃), and the weight loss reached at 50 wt% at 600 ℃. The sharp slope was attributed to the decomposition of the labile oxygen-containing functional groups, such as hydroxyl groups and carbonyl groups. It led to the vigorous release of CO, CO2, and vapor [4, 8, 9]. The slow slope was principally due to the decomposition of epoxy groups, as a result of strong dipole moment between oxygen and carbon atoms [4, 10]. The third stage weight loss happening above 600 ℃ resulted in a char residue of ca. 30 wt% and was related to the pyrolysis of carbon skeleton [8]. The three-stage weight loss were distinctly represented by three main peaks in the DTG plot of as-prepared GO shown in Figure S9b.

After annealing treatment, annealed GO only experienced first stage decomposition (moisture removal), partial second stage decomposition (decomposition of epoxy groups), and third stage decomposition (pyrolysis of carbon skeleton) upon heating to 800 ℃. It clearly indicated that the decomposition of labile hydroxyl and carbonyl groups was completed after annealing at 250 ℃, which is evidenced by the absence of the peak at about 190 ℃ in Figure S9b. The TGA result of MWrGO-800W showed an excellent thermal stability up to 600 ℃ with a small weight loss of only 10 wt%, meaning the effective elimination of various functional groups by microwave irradiation. Pyrolysis of carbon skeleton of MWrGO-800W started at the identical decomposition temperature (~600 ℃) as the as-prepared GO and the annealed GO. It led to a similar char residue of 30 wt% at 800 ℃. The DTG of MWrGO-800W merely featured a prominent peak above 600 ℃ related to the pyrolysis of carbon skeleton. 








[image: ]
Fig. S11. Nitrogen adsorption/desorption hysteresis of as-prepared GO, annealed GO, and MWrGO-800W, giving the specific surface area and pore size distribution based on Branauer-Emmett-Teller method (BET) and Barrer-Joyner-Halenda (BJH) method, respectively.

[bookmark: _Hlk5957795][bookmark: _Hlk5957805][bookmark: _Hlk5958056]In strong contrast with annealed GO and MWrGO-800W, as-prepared GO possessed an extremely low specific surface area (SBET) of ~33.55 m2 g-1 which indicated a tightly packed microstructure as shown in Figure 2a. The annealed GO and MWrGO-800W possessed an increased SBET values of ~219.85 m2 g-1 and ~310.24 m2 g-1, respectively. The high SBET of MWrGO-800W (310.24 m2 g-1) implied that the removed oxygen functional groups provided more accessible nitrogen adsorption/desorption sites. They exhibited typical type IV isotherm curves with a rapid nitrogen adsorption at a high relative pressure region of 0.85-0.99, which are characteristic evidences of the presence of nanopore geometry after annealing treatment and microwave reduction. Figure S10b-d) also display the pore size distributions calculated based on the desorption data branch of adsorption-desorption isotherm. A narrow pore size range was found centering at 3.52 nm and 3.69 nm for annealed GO and MWrGO-800W, respectively. 
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Fig. S12. The bar chart of the electronic conductivities of pristine graphite, as-prepared GO, annealed GO, and MWrGO-800W.
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Fig. S13. The plotting of C/O ratios and electronic conductivities of pristine graphite, as-prepared GO, annealed GO and MWrGO-800W.
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Fig. S14. The CV curves of MWrGO-800W electrode at the scan rate of 0.1 mV s-1 between 0.01 and 2.5 V

[image: ]
Fig. S15. The cycling performances of MWrGO-300W, MWrGO-500W, and MWrGO-800W at the current density of 0.2 A g-1.
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Fig. S16. EDS compositional mapping of the LCO-MWrGO cathode along with EDS spectrum of the whole area. The Al signal in the spectrum is a result of the Al substrate used for current collector.
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Fig. S17. Raman spectra of unannealed GO sample and unannealed GO which has been microwave treated in different powers


Table S1. Calculated Raman spectral features of pristine graphite, unannealed GO, annealed GO, and MWrGO/unannealed GO synthesized at different microwave powers 
	
	ID/IG-in
	[bookmark: _Hlk518325824]La (nm)a

	Pristine Graphite
	~0
	N/A

	Unannealed GO
	1.258
	13.307

	Annealed GO
	0.906
	18.492

	MWrGO-800W
	0.062
	267.197

	MWrGO-500W
	0.251
	66.633

	MWrGO-300W
	0.392
	42.781

	Unannealed GO-800Wb
	1.005
	17.228

	Unannealed GO-500Wb
	1.148
	14.268

	Unannealed GO-300Wb
	1.217
	13.396


a The crystalline domain sizes (La) are empirically calculated from the intensities of D peak and G peak, as given [11]:

    Equation (1)
where  is the wavelength of the Raman excitation laser (in nm)
ID and IG represent the intensities of the D peak and G peak, respectively.

b The values are calculated from Figure S17








Table S2. XPS analysis of oxygen functional groups on pristine graphite, unannealed GO, annealed GO, and MWrGO-800W.
	
	Pristine graphite
	Unannealed GO
	Annealed GO
	MWrGO-800W

	C/O
	75.9
	2.05
	5.04
	14.29

	C1s C-C
	81.96
	24.59
	50.56
	61.39

	C1s C-O 
	15.75
	2.30
	13.65
	13.52

	C1s C=O 
	1.38
	33.13
	8.07
	6.01

	C1s O-C=O
	-
	6.42
	5.2
	5.03

	C1s π-π 
	-
	-
	6.49
	6.97

	O1s
	0.91
	33.55
	16.02
	7.08




Table S3. Summary of electronic conductivities of rGO reduced by various chemical agents.
	Preparation method
	Electronic conductivity (S m-1)
	References

	rGO by hydrazine
	2.0 × 102
	[12]

	rGO by 15 mM NaBH4
rGO by 50 mM NaBH4
rGO by 150 mM NaBH4
	1.5 × 10-4
1.7 × 101
4.5 × 101
	[13]

	rGO by hydrazine
	2.0 × 102
	[14]

	rGO by NaPO2H2
	3.8 × 102
	[15]

	rGO by hydrazine
	2.0 × 102
	[9]

	rGO by urea
	4.3 × 101
	[16]

	rGO by urea hydrolysable tannin
	4.2 × 102
	[17]

	rGO by N2H4
	1.5 × 102
	[18]

	rGO by L-ascorbic acid
	8.0 × 102
	[19]

	rGO by hydrazine
	1.0 × 102
	[20]

	MWrGO by microwave-assisted reduction in this work
	7.6 × 102
	




Table S4. Independent components of the LCO-MWrGO and LCO-CNT electrodes analysed using an equivalent circuit.
	Sample
	Original
	After 100 cycles

	
	Rs
	Rct
	Zw
	Rs
	Rct
	Zw

	LCO-MWrGO
	0.9329
	17
	10
	1.098
	19.1
	14

	LCO-CNT
	0.92
	46
	11
	1.58
	49
	45
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