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Figure S1. Photos of (a) petroleum coke pellet and (b) template pellet.



Figure S2. SEM images of template pellet: (a) before and (b) after carbonization.
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Figure S3. XRD pattern of tea-waste powder separating from the mixture of tea-
waste and template pellet.




Figure S4. SEM image of TWC-SC-G sample showing the morphology.



Figure S5. SEM images of TWC-SC-G sample showing the pore structure: (a) low

magnification and (b) high magnification.



Figure S6. TEM images of TWC-SC sample.



Figure S7. TEM images of TWC-H sample.



Figure S8. TEM image of TWC-G sample.



Figure S9. SAED patterns of (a) TWC-SC, (b) TWC-H and (¢) TWC-G samples.
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Figure S10. TEM and HRTEM images of the graphitic structures in TWC-SC-G

sample showing the repeatability.
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Figure S11. The fitted results in Raman patterns of (a) TWC-SC-G, (b) TWC-G, (c)

TWC-SC, and (d) TWC-H samples.
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Table S1. BET specific surface area, pore size and pore volume of 4 TWC samples

BET specific Average pore Total pore Micro pore
Sample surface area size volume volume
(m*-g™) (nm) (cm*-g™) (cm*-g™)
TWC-SC-G 182.4 2.11 0.09 0.06
TWC-SC 50.5 2.93 0.02 <0.01
TWC-H 24.9 2.56 0.03 0.01
TWC-G 191.0 1.91 0.11 0.08
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Figure S12. Cl1s XPS spectrum of (a) TWC-SC, (b) TWC-H and (c) TWC-G samples.
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Figure S13. TEM images of carbonized tea-waste powder annealing with template

pellet together at given temperatures: (a) 600 °C, (b) 800 °C and (c) 1000 °C.
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Figure S14. XRD patterns of carbonized tea-waste powder annealing with template

pellet together at given temperatures: (a) 600 °C, (b) 800 °C and (c) 1000 °C.
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Figure S15. The linear relationship between (a) L.xL, and dgg, and (b) dyg; and the

content ratio of sp3-C to sp?-C.
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Figure S16. The linear relationship between ICE and (a) dyg, and (b) the content ratio

of sp3-C to sp?-C.
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Figure S17. (a) Cycle and (b) Rate performance of TWC-SC and TWC-G electrodes

as KIB anodes.
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Figure S18. The linear relationship between capacity loss ratio below 0.5V with (a)
L.xL,, (b) dgoz, and (¢) the content ratio of sp3-C to sp>-C.
Capacity loss ratio below 0.5V=

1-1%t charge capacity under 0.5V/1% discharge capacity under 0.5V
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Table S2. The elemental content of the 4 TWC samples based on XPS data

Elemental content (%)

Sample
Cls Ols Nls
TWC-SC-G 93.8 5.6 0.6
TWC-G 92.8 6.5 0.7
TWC-SC 90.9 8.0 1.1

TWC-H 88.9 10.5 0.6
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Figure S19. XPS spectra of TWC-SC-G electrode at different discharge/charge stages
during the first cycle.
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Figure S20. EIS curves of TWC-SC-G electrodes before cycling and after 1000
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Figure S21. CV curves of (a) TWC-SC-G, (b) TWC-G, (c) TWC-SC and (d) TWC-H

electrodes as KIB anodes at different scan rates.
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Figure S22. The liner relationship between the logarithm of oxidation peak current
and the logarithm of scan rate in charge process for the 4 TWC electrodes as KIB

anodes.
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Figure S23. The b values at given potentials in discharge process for the 4 TWC

electrodes as KIB anodes.
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Figure S24. The liner relationship between the oxidation peak current and the square

root of scan rate for the 4 TWC electrodes as KIB anodes.
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Figure S25. HRTEM images of (a) TWC-SC-G, (b) TWC-G, (¢) TWC-SC and (d)
TWC-H electrodes after 1000 cycles.
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Table S3. Electrochemical performance of carbon-based materials as anode in KIBs

Current Capacity
Capacity
Material Electrolyte Density . ICE retention/cycle | Reference
(mAh-g)
(mA-g™) numbers
30 367 98%/200
Biomass hard carbon with
1 M KPF¢ in DME 100 322 85.6% 93%/200 This work
graphitic structures
1000 235 94%/1000
Nitrogen-doped carbon 0.8 M KPF; in EC: ~33.6 =250 ~82%/200
~76% 1
microsphere DEC=1:1 by volume 504 ~180 94%/4000
0.8 M KPF in EC:
Hard-Soft composite carbon 27.9 261 67% 93%/200 2
DEC=I1:1 by volume
1 M KFSI in EC: 50 202 105.1%/200
Expanded graphite 81.6% 3
DEC=1:1 by volume 200 175 99.4%/500
0,
1 M KFSI in EC: 50 169 36.1%/200
Commercial graphite 80.8% 3
DEC=1:1 by volume 200 44 )
0,
S/O co-doped porous 0.8 M KPFg in EC: 30 230 98.5%/100
_ ~60% 4
carbon microspheres DEC=1:1 by volume 1000 158 81.5%/2000
0,
Potato derived biomass porous 100 270 91.8%/100
3 M KFSI in DME 42.6% 5
carbon 500 200 87.5%/200
N-doped hierarchical porous 0.8 M KPF¢ in EC:
100 264 55.1 92%/200 6
carbon DEC=1:1 by volume
1 M KFSI in EC:
Graphitic carbon nanocage 55.8 212 40% 92%/100 7
PC=1:1 by volume
Petroleum coke-Artemisia 0.8 M KPFg in EC:
~69.8 116 25.5% 94.5%/500 8
Hedinii DEC=1:1 by volume
Oak hard carbon synthesized at 0.4 M KPF; in EC:
100 135 56% 94%/150 9
1100°C DEC=I1:1 by volume
0,
Pyridinic N-content-doped 0.8 M KPF¢ in EC: 100 319 7T%/120
~20% 10
porous carbon monolith DEC=1:1 by volume 1000 225 ~76%/3000
0,
Highly disordered hard carbon 200 240 92%/150
1 M KPF; in DME 73% 11
derived from skimmed cotton 4000 165 )
1 M KPFg in EC:
Carbon nanofiber foam derived
DMC: EMC=4:3:2 by 200 202 <30% 83%/100 12

from bacterial cellulose

volume
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0.8 M KPF, in EC: 50 286.4 ~90%/100
Ordered mesoporous carbon 63.6% 13
DEC=1:1 by volume 1000 14422 ~70%/1000
0,
Nitrogen/Oxygen dual-doped 1 M KPF¢ in EC: >0 315 76.1%/100
25% 14
hierarchical porous hard carbon DMC=1:1 by volume 1050 174 ~71.7%/1100
Nitrogen/Oxygen co-doped 0.8 M KPF; in EC:
50 352 38.7% 76%/100 15
hierarchically porous carbon DMC=1:1 by volume
1 M KPFg in EC:
Loofah-derived carbon 100 225 ~38% - 16
DMC=1:1 by volume
109,
Nitrogen/Oxygen codoped carbon 0.8 M KPF; in EC: 100 377 81%/150 17
~60%
hollow multihole bowls DMC=1:1 by volume 1000 216 ~62%/1000
Biowaste orange peel-derived 0.75 M KPF¢ in EC:
30 236 55% ~88%/100 18
mesoporous carbon DMC=1:1 by volume
Cotton-derived oxygen/sulfur co- 100 409
1 M KPF in DME 46.4% 19
doped hard carbon 2000 135 ~86%/500
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