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Table S1 Comparison of the activity of various metal-free heterogeneous catalysts for

the oxidation of furfural to maleic acid.

Conv. Yieldy TOF?

Catalyst Reaction conditions? Reference
(%) (%) (X10%)

Ambelyst-70 1.8g/477TmM/50°C/24 h 100 20 0.08 S1
Ambelyst-15 50mg /294 mM/80°C/24h >99 11 0.09 S2
SO;H/GO-HT 50mg/278 mM/70°C/24h 79.8 1.2 0.05 S3
Graphite 50mg/100mM/80°C/5h 99 17 0.68 S4
KIT-6 60 mg/ 2000 mM /70°C/1h 46.8 2.8 0.47 S5
P-C-600 150 mg /333 mM/60°C/10h 100 76.3 1.27 S6
NC-900 50mg/100mM/80°C/5h 100 61 2.44 S4
2-C5N, 50 mg /333 mM /100 °C/3 h >99 16.8 3.36 S7
PC-700 210 mg /1000 mM /80 °C/5h 100 74.8 7.12 This work

2 These data represent catalyst dosage, furfural concentration, reaction temperature and

reaction time.
mole of MA produced

(mol-g~t-h1
- —( g )
b Turnover frequency (TOF) = dosage of the catalyst X reaction time )

Ambelyst-70 and Ambelyst-15: solid acid catalyst (sulfonated polystyrene-based ion-
exchange resin). SO;H/GO-HT: SO;H-modified graphite oxide reduced at high temperature.
KIT-6: well-ordered mesoporous silica. PC-600: phytic acid-derived phosphorus-doped
carbon catalyst. NC-900: ZIF-8-derived nitrogen-doped porous carbon. g-C;Ny: graphitic

carbon nitride.

* Corresponding author. E-mail address: jipj@buct.edu.cn



Table S2 The phosphorus content and specific surface areas of various P-doped

carbon materials.

Total P Surface areas

Catalyst Precursors (Wt %)? (m¥g) Reference
PC-700 Soluble starch and H;PO, 2.4 1612.9 S8
P-C-600 Phytic acid 14.1 1038.6 S6
PCF sodium polyacrylate and 0.53 607.6 59
hexametaphosphate
P-PCN-800 Glucose and P,Os 2.55 1555.5 S10
PGe Phytic acid 11 1200 S11
PMCS Glucose and phytic acid 6.05" 574.7 S12
MCel-PC-4(800) Cellulose and H;PO, 6.8 641 S13
P/N-0.75 Resorcinol, F127 and H;PO, 6.18 94 S14
PC600 o-Cellulose and HsPO, 8.8¢ 1491 S15
PG Triphenylphosphine 4.074 1414 S16
RGO-P Graphene Oxide and NaH,PO, 5.93 - S17
PG800S Graphene and H;PO, 6.89 100 S18
CFs-P15 Polyacrylonitrile and H;PO, 1.44 50.6 S19
PFRC500 Furfural residue and H;PO, 7.74 1769.4 S20
Acetylene and
POMC ) ) 0.13 403.5 S21
triphenylphosphine
Walnut shell and red
WAPC-4/P 4.88 25184 S22
phosphorus
P-C-800 Phytic acid 9.19 1464.6 S23
HPCSCMs Cotton stalks and H;PO, 7.7" 3463.1 S24
PBCs Wood powder and H;PO, 9.83 1038.1- S25
0.075-PC Sucrose and H;PO, 4.26 802 S26
PMC Sucrose and H;PO, 9.6 830 S27
ACPHS800 Orange peel and H;PO, 0.82° 1204 S28

2 The data from XPS (wt%). ® The data from EDS (wt%). ¢ The data from X-ray fluorescence
spectroscopic (XRF) (wt%). ¢ The data from ICP-OES (wt%).

PC-700: starch-derived phosphorus-doped carbon materials. P-C-600: phytic acid-derived
phosphorus-doped carbon materials. PCF: P-doped carbon foam. P-PCN-800: P-doped porous
carbon nanosheets. PGc: P-doped graphitic carbon. PMCS: phosphorus-doped macroporous
carbon spheres. MCel-PC-4(800): microcrystalline cellulose derived P-doped carbons. P/N-0.75:
Phosphorylated mesoporous carbons. PC-600: cellulose-phosphoric supramolecular collosol
derived P-doped carbon materials. PG: phosphorus-doped nanomesh graphene. RGO-P:
amorphous phosphorus-doped graphene. PG800S: P-doped carbon materials. CFs-P15:
Phosphorus-doped hard carbon nanofibers. PFRC500: P-doped furfural residue-based carbon
materials. POMC: phosphorus-doped cubic ordered mesoporous carbon. WAPC-4/P: walnut shell-
derived P-doped porous carbon. P-C-800: P-doped carbon. HPCSCMs: hierarchical P-doped
cotton stalk carbon materials. PBCs: P-doped biochars. 0.075-PC: P-doped microporous carbon
(0.075 is the phosphorus/carbon molar ratio). PMC: P-doped mesoporous carbon. ACPH800: P-
doped activated carbon.
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Fig. S1 FT-IR spectrum of PC-700.
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Fig. S2 The deconvolution of the O 1s peak of PC-Ts.
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Fig. S3 The deconvolution of the P 2p peak of P&SA-700.



PC-700

H20: —— > HO®* + HO- (SD)
PC-700

H20 — > HOO®* + H” (SII)

HOO* + HOO* — H,0, + O, (SIII)

HO®* + furfural — furfural radical — - -+ — maleic acid (SIV)

degradation

HO® + maleic acid ———— €O, + H,0 (SV)
Scheme S1 The decomposition of H,O, over PC-700.
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Fig. S4 The effect of initial molar ratio of H,O, to furfural on the conversion of furfural and the
yield of maleic acid.

Reaction conditions: 150 mg PC-700, 1 mmol furfural, 5 mL H,0, 80 °C, 5 h, stirring rate 500
rpm.

Catalyst characterization

Scanning electron microscope (SEM, HITACHI SU8020, acceleration voltage: 15
kV) was used to observe the morphology of samples. X-ray photoelectron
spectroscopy (XPS) spectra were measured using a Thermo VF ESCALAB 250Xi
spectrometer. The Al Ka X-ray was used as the excitation source at the pressure of
2x10-8 Pa for the XPS measurement. Powder X-ray diffraction (XRD) was measured
with a Rigaku-Ultima IV instrument with 20 range from 5° to 90° and the scanning
speed was 10°/min. Infrared spectra were measured with a Nicolet iIS10 FT-IR
spectrometer at a nominal resolution of 4 cm™'. The Raman spectra were recorded
with a Renishaw InVia Reflex Raman microscope with an excitation wavelength of
785 nm. The electron paramagnetic resonance (EPR) spectra were characterized using
a Bruker EMX-plus spectrometer. And the 5,5-dimethyl-1-pyrroline N-oxide (DMPO)
was used as spin-trapping agent. Typically, the aqueous solution of DMPO was added



to the samples, and then the mixture was transferred into an EPR tube for EPR

experiments. The N, adsorption measurements were measured with a Micromeritics
ASAP 2460 instrument at 77 K. The sample was degassed at 120 °C for 12 h before

the measurement. Using the Brunauer—Emmett-Teller (BET) method, the surface area

was calculated based on the adsorption isotherm data points and the pore size

distribution was determined.
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