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Table S1. Fitted parameters of the C 1s spectra of carbon materials.

Relative (%)Element Assignment NB MC-0 MC-9 MC-20 HC-0 HC-9 HC-20
sp2 15.7 51.9 48.2 46.9 86.1 84.5 83.0
sp3 40.1 32.4 34.2 35.1 6.3 6.6 7.0

C–O 32.6 10.7 12.1 13.0 4.8 5.7 6.3C 1s

C=O 11.6 4.9 5.5 5.0 2.9 3.1 3.6

Table S2. Fitted parameters of XRD of MCs.

Samples La Lc
Units nm nm
MC-0 2.293 0.832
MC-9 2.451 0.912
MC-20 2.795 0.940

Table S3. Microcrystalline structure parameters of HCs.

Samples d002 La Lc ID/IG La, Raman
Units nm nm nm - nm
HC-0 0.3707 3.215 1.044 1.54 12.46
HC-9 0.3708 3.716 1.119 1.39 13.82
HC-20 0.3692 3.930 1.187 1.35 14.28

Table S4. Pore structure parameters of MCs.

Samples SBET(N2) Vtotal(N2)
Units m2 g-1 cm3 g-1

MC-0 273.1800 0.1488
MC-9 527.4814 0.2639
MC-20 457.4268 0.2368

Table S5. Pore structure parameters of HCs.

Samples SBET(N2) Vtotal(N2) SBET(CO2) Vtotal(CO2)
Average pore 
diameter(CO2)

Units m2 g-1 cm3 g-1 m2 g-1 cm3 g-1 nm
HC-0 2.3966 0.0092 6.4175 0.0011 0.7115
HC-9 31.9511 0.0390 180.5768 0.0445 0.9855
HC-20 20.7420 0.0403 74.4162 0.0174 0.9369



Table S6. Percentage of elemental phosphorus in carbon materials measured by ICP-MS.

Samples Phosphorus content
Units %
MC-0 0.118
HC-0 0.103
MC-9 7.467
HC-9 0.919

MC-20 7.756
HC-20 0.872

Table S7. Atomic content of N 1s and P 2p on the surface of the carbon materials.

Samples Atomic (%)
- N 1s P 2p

NB 1.26 0.28
MC-0 0.84 0.19
HC-0 0.59 0.31
MC-9 6.07 2.49
HC-9 1.25 0.49

MC-20 6.71 1.96
HC-20 1.26 0.51

Table S8. Fitted parameters of SAXS of HCs.

Samples I0 C1 C2 fa d rSAXS
Units - - - - nm nm
HC-0 6.6399 0.1509 0.0194 0.54 4.90 0.87
HC-9 22.5336 0.4354 0.0780 0.78 10.00 1.48
HC-20 20.3661 0.3881 0.0732 0.72 8.69 1.39

Fitting function：  , Where , and  are adjustable constant 
𝐼𝑚𝑝 = 𝐼0
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Table S9. Fitted parameters of WAXS of HCs.

Samples A wL r Sigma xc D Σ
Units - - - - - - -
HC-0 3.9736 7.7348 0.1606 0.4494 17.4727 2.35 0.26
HC-9 1.6639 7.0704 0.0829 3.6071 17.6745 2.83 0.28
HC-20 2.5541 6.5410 0.1189 0.3393 17.7215 2.92 0.31

Fitting function：

IWAXS
= ((2 ∗ 𝐴/𝑝𝑖) ∗ (𝑤𝐿/(4 ∗ (𝑥 ‒ 𝑥𝑐)^2 + 𝑤𝐿^2))) ∗ (1 + ((𝐷 ∗ 𝐷 ∗ 𝑆𝑖𝑔𝑚𝑎^𝐷)/(𝑟^𝐷)) ∗ 𝑔𝑎𝑚𝑚𝑎(𝐷
‒ 1)/((1 + (𝑥 ∗ 𝑆𝑖𝑔𝑚𝑎)^2)^((𝐷 ‒ 1)/2)) ∗ 𝑠𝑖𝑛((𝐷 ‒ 1) ∗ 𝑎𝑡𝑎𝑛(𝑥 ∗ 𝑆𝑖𝑔𝑚𝑎))/(𝑥
∗ 𝑆𝑖𝑔𝑚𝑎)) ∗ (𝑒𝑥𝑝( ‒ (𝑥 ∗ 𝑟)^2/6) + ((𝑒𝑟𝑓(0.306 ∗ 𝑥 ∗ 𝑟))^6) ∗ (4/(𝑥 ∗ 𝑟)^2))

 , Where A, wL, r, Sigma and xc are adjustable constant parameters.

Bending degree：
Σ =

2
𝑤𝐿

Table S10. The properties of hard carbons for SIBs reported recently.

Precursor Reversible capacity Rate performance ICE 
(%)

Sour
ce

Bamboo 352.4 mAh g−1 at 30 mA g−1

339.8 mAh g−1 at 50 mA g−1; 
339.4 mAh g−1 at 100 mA 
g−1; 299.2 mAh g−1 at 500 

mA g−1; 
205.8 mAh g−1 at 1000 mA 

g−1

87.6 This 
work

Bamboo 383.6 mAh g−1 at 30 mA g−1 84.9 mAh g−1 at 1000 mA 
g−1 84.5 This 

work
Forestry biomass 329.3 mAh g−1 at 50 mA g−1 90 mAh g−1 at 1000 mA g−1 68.8 1

Bamboo and 
CNTs 268.9 mAh g−1 at 30 mA g−1 94.7 mAh g−1 at 600 mA g−1 - 2

Phellem 330.0 mAh g−1 at 20 mA g−1
225.0 mAh g−1 at 500 mA 
g−1; 205.5 mAh g−1 at 1000 

mA g−1
90.0 3

Cellulose 239.0 mAh g−1 at 25 mA g−1 175.0 mAh g−1 at 1000 mA 83.0 4



g−1

Coconut shell 343 mAh g−1 at 30 mA g−1 178.0 mAh g−1 at 1500 mA 
g−1 69.8 5

Almond
shells 309.9 mAh g−1 at 50 mA g−1 235.4 mAh g−1 at 1000 mA 

g−1 87.2 6

Furfural
residues 302.5 mAh g−1 at 20 mA g−1 70.0 mAh g−1 at 1000 mA 

g−1 90.9 7

Olive shell 313.0 mAh g−1 at 50 mA g−1 90.0 mAh g−1 at 1000 mA 
g−1 78.0 8

Bamboo fibers 338.0 mAh g−1 at 50 mA g−1 228.0 mAh g−1 at 1000 mA 
g−1 75.0 9

Table S11. Rct, Conductivity, and Resistivity of HCs.

Samples Rct Conductivity Resistivity
Units Ω S cm-1 Ω cm-1

HC-0 4.569 25.947 0.039
HC-9 2.719 27.122 0.037
HC-20 2.366 28.277 0.035

Fig. S1. XRD patterns.

Fig. S2. FT-IR spectra.



Fig. S3. (a) DTG, (b) DSC, and (c) TG in TG-MS. (d-f) TG, DTG, DSC images held at 600 °C for 

30 minutes.

Fig. S4. (a) XPS spectra. C 1s spectra peak fitting of (b) NB, (c) MC-0 (d) MC-9 and (e) MC-20.



Fig. S5. (a) XPS spectra. C 1s spectra peak fitting of (b) HC-0, (c) HC-9, and (d) HC-20.

Fig. S6. SEM images of HCs.

Fig. S7. Fitted Raman spectra of HCs.



Fig. S8. N 1s and P 2p spectra peak fitting of NB, MC-0, MC-9, and MC-20.



Fig. S9. N 1s and P 2p spectra peak fitting of HC-0, HC-9, and HC-20.

Fig. S10. (a, d) N2 adsorption−desorption isotherms. (b, e) The pore size distribution (N2). (c, f) 

Micropore volume and mesopore volume (N2) of carbon materials.



Fig. S11. Two-dimensional pattern of small-angle X-ray scattering.

Fig. S12. Two-dimensional pattern of wide-angle X-ray scattering.



Fig. S13. Initial galvanostatic discharge/charge profiles at 30 mA g-1.



Fig. S14. (a-c) Galvanostatic discharge/charge profiles at different current density. (d) Cycling 

performance of HC-20 at 1000 mA g-1. (e-g) The plateau and slope capacity distribution below and 

above 0.1 V and plateau capacity ratio. (h) The capacity of HC-20 in the plateau area, slope area 

and the proportion of plateau area capacity in different cycles.

Fig. S15. (a)Rate performance. (b)Cycle performance at 100 mA g-1.



Fig. S16. (a-d) Galvanostatic discharge/charge profiles at different current density. (e-h) The 

plateau and slope capacity distribution below and above 0.1 V and plateau capacity ratio.



Fig. S17. The relationship of log-peak current and log-scan scan of HC-0, HC-9 and HC-20.

Fig. S18. The content of cellulose, hemicellulose, and lignin in NB and B-20 at 235, 300 and 348℃.

Fig. S19. (a) N2 adsorption-desorption isotherms of HC-30. (b) The pore size distribution (N2) of 
HC-30. (c) Galvanostatic discharge/charge profiles of HC-30 at different current density. (d) Long 
cycle performance at 1000 mA g-1.



(𝑁𝐻4)2𝐻𝑃𝑂4(𝑠)
432𝐾

→ 2𝑁𝐻3(𝑔) + 𝐻3𝑃𝑂4(𝑙)                   (1)

(𝑁𝐻4)2𝐻𝑃𝑂4(𝑠)
432𝐾

→ 𝑁𝐻3(𝑔) + (𝑁𝐻4)𝐻2𝑃𝑂4(𝑠)        (2)

(𝑁𝐻4)𝐻2𝑃𝑂4(𝑠)
432𝐾

→ 𝑁𝐻3(𝑔) + 𝐻3𝑃𝑂4(𝑙)                      (3)

2𝐻3𝑃𝑂4(𝑙)
432𝐾，482𝐾

→ 𝐻2𝑂(𝑔) + 𝐻4𝑃2𝑂7(𝑙)                   (4)

2𝐻4𝑃2𝑂7(𝑙)
> 482𝐾

→ 4𝐻2𝑂(𝑔) + 𝑃4𝑂10(𝑠)                          (5)

Scheme 1. Decomposition equation of (NH4)2HPO4.



Calculation S1. Calculation Method of g value

𝑔 =
ℎ𝑣
𝛽𝐻

In this formula, h is the Plank constant, v is the microwave frequency of X-band spectrometer(v = 

9.83 GHz), β is the electron Bohr magneto, H is the applied magnetic field.

Calculation S2. Calculation Method of La and Lc

𝐿𝑎&𝐿𝑐 =
𝜅𝜆

𝛽cos 𝜃

In this formula, κ is scherrer constant (κ is 1.84 for La and κ is 0.9 for Lc), λ is the radiation wavelength 

(λ = 1.5418 Å), β is the half-height width of the (002) peak, θ is the reflection angle of (002) or (100).

𝐿𝑎, 𝑅𝑎𝑚𝑎𝑛 = (2.4 × 10 ‒ 10)𝜆4(𝐼𝐺/𝐼𝐷)

In this formula, λ is 532 nm.

Calculation S3. Calculation Method of b-value

𝑖 = 𝑎𝑣𝑏

where a and b are constants, and b can be estimated from the slope curve plotted between log(v) and 

log(i). The b value of 0.5 indicates a diffusion-controlled process, whereas the b value of 1 indicates 

a surface-controlled reaction. Considering the potential deviation from the equilibrium potential due 

to the irreversible resistance, we take points based on the potential deviation around 0.01 V and 0.5 

V.

Calculation S4. Calculation Method of capacitive contribution

𝑖(𝑉) = 𝑘1𝑣 + 𝑘2𝑣1/2

Where  stands for the current at a specific potential,  stands for the scan rate, and  and 𝑖(𝑉) 𝑣 𝑘1𝑣

stands for the surface-controlled and diffusion-controlled capacities, respectively.𝑘2𝑣1/2 

Calculation S5. Calculation Method of the Apparent Na+ Diffusion Coefficient



𝐷
𝑁𝑎 + =

4
𝜋𝜏(𝑚𝐵𝑉𝑀

𝑀𝐵𝑆 )(Δ𝐸𝑆

Δ𝐸𝜏
)2

where τ, mB, VM, and S are the pulse duration, mass of the active material, molar volume, active 

surface area, respectively. ΔES is the difference between the stable potentials and ΔEτ is the 

instantaneous total voltage change of the constant current battery at τ.
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