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Table S1. Preparation methods and porosity characteristics of bio-based HPC/IHPC.

Carbonization process

Activation process

SSA PV R0
Precursor Reactor T, HR, t. Pretreatment Activation method T, HR, t, 2 5 o Ref.
o o 1 (m*gh)  (m’gh) (%)
type ¢C) (Cmin?) (h) (Activation agent)  (°C) (°C min™) (h)
Soybean cake (O, N, One-step 700 3 1 B 3 B B B 1 B B S{:ll
and P-doped IHPC)  pyrolysis 2019)
(Xuet
Bark of plane trees . HCI washed
(S-doped-THPC) Pyrolysis 750 - 5 impurities - - - - 528 0.72 - al.,
2016)
. . . (Hou
18}1111; C(I)\I'd‘)ped - - - - - (Czhrfg}“):al activation gy 2 1 2494 228 798 etal,
§ 2015)
. . (Song
Cornhusk (O-doped Chemical activation
- - - - 800 5 1 928 0.53 264 etal,
IHPC) (KOH) 2015)
Sugar cane bagasse Chemical activation (Liu
- - - - - (CaCl, as green 800 5 2 946 1.39 17.7 etal.,
(N-doped HPC) activation agent) 2016)
. . (Chen
Maple Pyrolysis 800 5 2 - a‘iyrilcal activation 350 - 7 890 0.18 ~ etal,
2017)
Silkworm cocoons Chemical activati (Sun
(N-doped IHPC) Pyrolysis 500 - 0.5 - Cicatactivation 900 - 2 3134 181 - etal,
(KOH)
2017)
. . (Wei
Chestnut (N-doped  p 1usis 500 5 2 - Chemical activation 7, S 2 3401 250 252 etal,
HPC) (KOH) 2018)
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Carbonization process

Activation process

SSA PV R0
Precursor Reactor T. HR, L Pretreatment Activation method T, HR, i mig)  migl) (%) Ref.
type eCc) (°Cmin') (h) (Activation agent)  (°C) (°C min™) (h)

(Tian

Algae biomass Pre- 500 2 o  HClwashed Further pyrolysis 900 2 1 416 038  70.0 ctal,
pyrolysis impurities 2016)

. HCI washed Chemical activation (Wei

Yeast Pyrolysis 400 5 2 . o 850 5 1 3808 2.20 20.6 etal.,
impurities (KOH) 2019)

. . (Liu

Natural basswood ~ Pyrolysis 1000 - 6 - fél(y)sgcal activation 750 - (1) 839 058  23.6 ctal,
§ 2018)

Soybean hulls (S- Pyrolvsis 300 3 ) HCI washed Chemical activation 700 3 ) 1232 0.54 B g%g}l
doped-IHPC) yroly impurities (KOH) ) 201 7’)
Artemia cyst . . (Zhao
shell (O-doped Pyrolysis +370 (;) 0 f . g\lgﬁig::hed %g“ﬁl)cal activation 700 10 1 1758 076 289 etal,
[HPC) (+700) (+4) 1mp 2015)

Silkworm cocoon . Chemical activation (Sun
(N-doped THPC) Pyrolysis 450 5 05 - (KOH) 900 1 2 3386 2.20 45.5 ;to ?lg)
Indicalamus leaf HF leached metal- (Hel:an

Pyrolysis 900 5 4 organic complexes - - - - 1801 1.45 - &
(IHPC) templato al.,

2017)
Tobacco stem (O, N Chemical activation (Zhou
codoped IHPC/MgO HTC 180 - 10 - (KOH) 800 5 2 3156 1.90 36.3 etal,
composites) 2020)
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Carbonization process

Activation process

SSA4

PV

Rmeso

Precursor Reactor T. HR, t. Pretreatment Activation method T, HR, t, s 1 31 o Ref.
7 oot e (m*gh) mgh) (%)
type eCc) (Cmin") (h) (Activation agent)  (°C) (°Cmin™) (h)
(Ouya
Porphyra . 300 1 HNO; leached Ni  Physical activation ng et
(N-doped IHPC) Pyrolysis (+800) (+2) particle template  (Steam) 800 B ! 811 B - al,
2019)
Soybean milk (N- 3 3 B ~ HClleached Chemical activation 700 3 ) 1208 0.7 429 gtcgle t
doped THPC) CaCO; template  (KOH) ' ' 2019")
(Shi et
Rice straw Pyrolysis 400 - 1 Igccl g‘afh;d lat - - - ~ 61l 0.6 75.0  al,
aCO; template 2020)
Du et
Green grocery (O, . ZnCl, and (
Pyrol 1 — — — — 1651 2.4 . 1.
N-doped IHPC) yrolysis 900 5 2 Mas(OH),(CO»),4 65 8 68.7 30,20)
(Cuon
. . HCl leached SiO,  Physicochemical 0. get
Rice husk Pyrolysis 500 5 1 template activation (KOH/CO,) 800 5 5 2330 1.32 81.1 al.,
2019)
. . L (Kim
Rice husk Pyrolysis 900 - j  HFleached Si0,  Physical activation 850 - 0 61 0.35 ~ etal,
template (Ny/steam) 5
2019)
NH,HF, (Ryk])(a
Rice husk HTC 230 - 48  leached SiO, Higher pyrolysis 900 5 — 525 049 764 zza-‘{
template 2016)
. . .. Zhan
) ) HCl leached SiO,  Chemical activation (
Rice husk Pyrolysis 700 2 2 template (EtOH) 800 1 2 78.5 0.21 - get

al.,
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Carbonization process Activation process

SSA PV Ry
Precursor Reactor T. HR, t. Pretreatment Activation method T, HR, t, s 1 31 o Ref.
A et o (m*gh) (m’gh) (%)
type eCc) (Cmin") (h) (Activation agent) ©cc) (CCmin) (h)
2016)
Rice husk . . (Yuan
(MnO,- modified ~ Pyrolysis 500 - 1 IS\%) }tleiza‘;:teed (Célgf{l)"al activation 44 - 2 1751 111 559 etal,
HPC) 2 tetmp 2016)
. . (Qin
Shrimp shell Pyrolysis 400 5 ,  HClremoved Chemical activation ¢, 5 2 3171 193 494 etal,
CaCO; (KOH)
2016)
. . (Dai
Bovine bone Pyrolysis 400 5 o  HClremoved Chemical activation 850 5 1 3232 198 258 ctal,
inorganic template  (KOH) 2018)
(Gao
Oystershell +soft 5 lsis 900 5 s HClleached CaO - - ~ 1258 058 696 etal,
pitch template 2018)

carbonization temperature: 7.; carbonization heating rate: HR_; carbonization time: #.; activation temperature: 7,; activation heating rate: HR,;
activation time: ¢,; specific surface area: SS4; total pore volume: PV; mesoporosity: Ryeso
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Bio-based IHPC Controlled 3D pore architecture

Macropores (> 50 nm)

Mesopores (2-50 nm)

— A

Micropores (<2 nm)

Chemical doping

[

[ Metal oxide/hydroxide coating: ZnO, Fe,;04 ]

Transport pathway of Heteroatom doping: O, N, P functional groups ]

ions and molecules

Fig. S1. Integration strategy of pore architecture design and chemical doping for bio-

based IHPC. Adapted from (Cuong et al., 2021).
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Doping N and O on palm sheath-based IHPC

500
—=— PS-1-550
= (a) +— PS-2-450
& 400 —e— PS-3-350
w
=y e S - r
"= o v b e
§ 300{,” -
8 b e O O e e T Rl
b A OUIIORO=O IO O=Om OO O= O gl
g 200
=
Z
S 100
a
0

n.0 0.2 0.4 0.6 0.8 1.0
Relative Pressure (P/Po)
——PS-C
PS-1-550
- PS-2-450 PH
PS-3-350 i

C(1s)

0
“—
Intensity (a.u.)

Intensity (a.u.)

0 100 200 300 400 500 600 700 800 900 394 396 398 400 402 404
Bingding Energy (eV) Binding energy (eV)

Fig. S2. (a) N, adsorption-desorption isotherms, (b) SEM and TEM images, (¢) XPS
survey spectra, (d) XPS high-resolution of N spectra of N,O-doped palm sheath-based

IHPCs (Liu et al., 2020).
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Coatmg FeOOH on bamboo-based IHPC
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Fig. S3. (a) SEM-EDS analysis, (b) XRD spectra, (c) Raman patterns and (d) XPS

analyses of FeEOOH-modified bamboo-based IHPCs (Wang et al., 2020).
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Fig. S4. (a) N,0-doped silkworm cocoon-based IHPC was fabricated to adsorb Cr(VI)
(Sun et al., 2017), and (b) N-doped fungus slag-based IHPC was prepared to eliminate

bisphenol A, 2,4-dichlorophenol and methylene blue (Cheng et al., 2019).
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Fig. SS. (a, b) Poplar catkin-based IHPC was synthesized to capture CO, and the effects
of the micropore ratio on the CO, uptake of poplar catkin-based IHPC (Chang et al.,
2019); (c, d) palm sheath-based IHPC was fabricated to produce the high selectivity of

CO, with CH and H, (Liu et al., 2020).
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