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Fig. S1. Composition analysis of fractionated samples used in this work.
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Fig S2. SEM images of carbonized BSG from different fractions and temperatures that have been 

studied in this work.(a, b) BSG Raw_1050C, (c, d) BSG NDF_1050C. (e, f) BSG ADF_1050C. 

(g, h) BSG Lignin_1050C, (i, j) BSG Raw_800C, (k, l) BSG ADF-1050C. 

Fig. S3. SEM images of carbonized GP from different fractions and temperatures that have been 

studied in this work. (a, b) GP Raw_1050C, (c, d) GP ADF_1050C, (e, f) GP Raw_800C, (g, h) 

GP ADF_800C.

Fig. S4. SEM images of carbonized WNS from different fractions and temperatures that have 

been studied in this work. (a, b) WNS Raw_1050C, (c, d) WNS ADF-1050C, (e, f) WNS 

Raw_800C, (g, h) WNS ADF_1050C.
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Fig. S5. HRTEM images of carbonized BSG from different fractions. (a) BSG Raw_1050C, (b) 

BSG NDF_1050C, (c) BSG ADF_1050C, (d) BSG Lignin_1050C.
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Fig. S6. d002 estimation of carbonized BSG from different fractions, using Fast Fourier 

transformation (FFT) filtered HRTEM images. (a) BSG Raw_1050C, (b) BSG NDF_1050C, (c) 

BSG ADF_1050C, (d) BSG Lignin_1050C
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Fig. S7. XPS O1s spectrum of carbons derived from BSG. (a) BSG Raw 1050C (b) BSG 

NDF_1050C (c) BSG ADF_1050C (d) BSG Lignin_1050C
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Fig. S8. Cycling performance comparison between WNS Raw_800C & WNS ADF_800C.

Fig. S9. (a) Electrochemical impedance spectroscopy (EIS) Nyquist plot of carbons. (b) Fitting 

curves for the EIS plots.
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Fig. S10. Charge-discharge curves for 100 cycles of (a) BSG NDF_1050C and (b) BSG 

Lignin_1050C.

Fig. S11. Comparison of the electrochemical performance of hard carbons for sodium ion battery 

at different current densities.
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Table S1. Comparison of d002 calculated from XRD and HRTEM

Sample name d002 (Å) from XRD d002 (Å) from HRTEM

BSG Raw_1050C 3.76 3.72

BSG NDF_1050C 3.75 3.70

BSG ADF_1050C 3.86 3.91

BSG lignin_1050C 3.84 3.89

Table S2. Surface functional group analysis based on XPS O1s spectrums

BSG 

Raw_1050C

BSG 

NDF_1050C

BSG 

ADF_1050C

BSG 

Lignin_1050C

C=O 29.8% 31.4% 26.4% 27.3%

C-O-H 48.6% 52.9% 42.4% 42.9%

C-O-C 21.7% 15.8% 31.2% 29.9%

Table S3. Atomic ratio of carbon and oxygen

BSG Raw_1050C BSG NDF_1050C BSG ADF_1050C BSG Lignin_1050C
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C% 86.1% 84.0% 85.0% 87.1%

O% 10.5% 14.0% 12.5% 11.3%

Table S4. EIS parameters of carbon materials derived from different fractions of BSG

Rs (Ω) Rct (Ω) σω(Ω s-1)

BSG Raw_1050C 10.5 144.1 239.2

BSG NDF_1050C 11.6 739.2 69.8

BSG ADF_1050C 12.7 246.8 363.1

BSG Lignin_1050C 9.9 285.9 24.5

Table S5. Sodium diffusivity calculated using Randles Sevcik equation.

Sample Na+ diffusivity (cm2/s)

BSG Raw_1050C 2.47 × 10-10

BSG NDF_1050C 1.52 × 10-09

BSG ADF_1050C 8.40 × 10-09

BSG Lignin_1050C 2.47 × 10-09
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Table S6. Comparison of the electrochemical performance. 

Biomass 

precursor

Reversible 

capacity

Current 

density

Plateau 

capacity

Initial 

Coulombic 

efficiency

Cycling 

performance
ref

Rice husk
276 

mAh/g
30 mA/g 54% 50%

93% after 100 

cycles
1

Apple
248 

mAh/g
20 mA/g ~ 40% 63%

81% after 100 

cycles
2

Almond Shell
260 

mAh/g
20 mA/g 50% 80% N/A 3

Pine Pollen
221.5 

mAh/g
100 mA/g ~20% 59.8%

91.6% after 

200 cycles
4

pistachio shell
150 

mAh/g
40 mA/g 50% 74.9%

86.3% after 50 

cycles
5

Corn straw 

pitch

310 

mAh/g
50 mA/g 60% ~60%

79% after 700 

cycles
6

bleached pulp
255 

mAh/g
40 mA/g ~50% ~70%

69% after 600 

cycles
7

cherry petals
310.2 

mAh/g
20 mA/g ~45% 67.3%

42.4% after 

500 cycles
8

loofah sponge
320 

mAh/g
30 mA/g ~55% 63%

93% after 100 

cycles
9

Walnut shell
257 

mAh/g
50 mA/g 60% N/A

70% after 300 

cycles
10

Cellulose 
250 

mAh/g
37 mA/g 66% 84% N/A 11

Walnut shell
297 

mAh/g
50 mA/g 60% 73.7%

86.4% after 

200 cycles
This 

work
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Table S7. Yield of carbon products

Sample Yield Sample Yield

BSG Raw_1050C 18.80% WNS NDF_1050C 28.40%

BSG NDF_1050C 22.60% WNS ADF_1050C 26.40%

BSG ADF_1050C 27.80% WNS lignin_1050C 48.10%

BSG lignin_1050C 46.40% BSG Raw_800C 28.90%

GP Raw_1050C 29.20% BSG ADF_800C 30%

GP NDF_1050C 26.80% GP Raw_800C 32%

GP ADF_1050C 30.20% GP ADF_800C 30.60%

GP lignin_1050C 36.70% WNS Raw_800C 28%

WNS Raw_1050C 28.00% WNS ADF_800C 26%
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