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Figure S1. TEM images of (a) PAC and (b) ZAC, SEM images of (c) PAC and (d) ZAC, EDS 
mappings of (e) PAC and (f) ZAC
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Figure S2 (a) TEM image and (b) particle size statistics of 20Ni@PAC-500; (c) TEM image and 
(d) particle size statistics of 20Ni/ZAC-500.

Figure S3 TEM image of (a) 5Ni@PAC-600, (b) 10Ni@PAC-600 , (c) 15Ni@PAC-600 and (d) 
25Ni@PAC-600.



Figure S4. LA adsorption by 20Ni@PAC-600, 20Ni/ZAC-600 and biochars. Adsorption 
conditions: 10 mL of deionized water, 200 mg of LA, 100 mg of catalyst or biochar, 3 MPa of N2 
pressure, 120 °C, 2 h.

Table S1 Elemental analysis of biochars

C [%] H [%] O [%] N [%] S [%]

PAC 64.85 3.20 17.87 0.65 0.16

ZAC 89.40 3.16 5.45 0.89 0.31



Table S2 The distribution of P functional groups from XPS

Distributions of phosphorus species

Ni-P
P2O5(%) C-O-P(%) C-PO3/C2-PO2(%) C3-P=O(%)

135.1 eV 134.3 eV 133.5 eV 132.7 eV 130.7 eV 129.9 eV

PAC 6.8 41 44.8 7.4 \ \

20Ni@PAC-300 2.7 39.6 48.5 9.3 \ \

20Ni@PAC-400 5.8 23.3 66.8 4.1 \ \

20Ni@PAC-500 15.6 23.4 28.7 16.4 5 10.7

20Ni@PAC-600 38.5 7.7 17.4 5.2 12.1 19.1

Table S3 Comparison of hydrogenation of levulinic acid (ester) catalyzed by nickel phosphide
Entry Catalyst Reactanta Condition GVL yield Ref

Ni2P LA
100 °C，4 MPa, 
2h, water

22%
1

(PrPO4)1.9/Ni2P LA
100 °C，4 MPa, 
2h, water

95%
[1]

Ni2P LA
120 °C，2 MPa, 
2h, water

11.3%
2

(YPO4)0.2/Co1.0Ni1.0P LA
120 °C，0.5 MPa, 
2h, water

98.1%
[2]

3 NiP LA
180 °C，3 MPa, 
4h, solvent-free

26.9% [3]

4 Ni2P EL
250 °C，5 MPa, 
6h, ethanol

41.7% [4]

5 0.3PNi/SBA-15 ML
90 °C，2 MPa, 6h, 
water

98.3% [5]

Ni-0.27P/Al2O3 EL
140 °C，2.5 MPa, 
4h, n-hexane

95.4%
6

Ni-0.38P/Al2O3 EL
140 °C，2.5 MPa, 
4 h, n-hexane

97.6%
[6]

7 Ni-P/Al2O3 EL
140 °C，2.5 MPa, 
4 h, n-hexane

97.7% [7]

120 °C，3 MPa, 
2h, water

99.9%
8 Ni@PAC-600 LA 120 °C，0.5 MPa, 

2h, water
76%

This work

a LA, ML and EL stand for levulinic acid, methyl levulinic acid and ethyl levulinic acid, 
respectively



References
[1] Y. F. Zhang, B. Dai, D. Zhao, et al. Promotion effects of PrPO4 for the hydrogenation 
transformation of biomass-derived compounds over Pr–Ni–P composites[J]. Mater. Adv., 2021, 2, 
3927-3939.
[2] M. Xu, Y. Xu, Y. Liu, et al. NiyCo2-yP alloy catalysts with assistance of Y for boosting Low-
pressure hydrogenation transformation of Biomass-derived levulinic acid or furfural in water[J]. 
Appl. Surf. Sci., 2022, 601, 154142.
[3] R. Q. Raguindin, B. Z. Desalegn, M. N. Gebresillase, et al. Yolk-shell nickel–cobalt 
phosphides as bifunctional catalysts in the solvent-free hydrogenation of Levulinic acid to gamma-
Valerolactone[J]. Renew. Energy, 2022, 191, 763-774.
[4] M. A. Golubeva, A. L. Maximov. Selective production of γ-valerolactone and ethyl valerate 
from ethyl levulinate using unsupported nickel phosphide[J]. Appl. Catal. A-Gen., 2021, 628, 
118401.
[5] Cao M, Meng Y, Tan Z, et al. High-Performance Nickel Phosphide Confined in SBA-15 for 
Low-Temperature Hydrogenation of Biomass-Derived Compounds[J]. ACS Catal., 2025, 15, 
4880-4891.
[6] Y. Li, B. Liu, Y. Wang, et al. High-performance Ni3P catalyst for C═ O hydrogenation of 
ethyl levulinate: Niδ+ as outstanding adsorption sites[J]. ACS Catal., 2022, 12, 7926-7935.
[7] Y. Li, K. Lyu, D. Liu, et al. Metal-modified Ni phosphides: Highly efficient catalysts for the 
hydrogenation of ethyl levulinate[J]. Catal. Today, 2024, 442, 114938.


