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[bookmark: _Hlk116130572]Fig. S1 Scientific production on NPs@BC composites in the Web of Science database. Note: keywords used for the search “biochar-supported nanoparticles.” Note: NPs@BC, nanoparticles decorated biochar.


Table S1 Recent researches on synthesis and characterization of NPs@BC composites
	Nanoparticles
	Biomass
	Method
	Synthesis Conditions
	Surface 
Area
(m2∙g-1)
	Pore 
Size
(nm)
	Pore 
volume
(cm3∙g-1)
	Characterization method
	Ref.

	nZVI
	Algae
	[bookmark: OLE_LINK1]The oxygen-limited heating and NaBH4 reduction
	Algae: NaOH=2:1, maintained at 400 ℃ for 90 min, 800 ℃ activated 2 h, under nitrogen protected
Fe2+: BC=1:1, 0.2 M NaBH4 is dropwise added into mixture of BC, Fe2+ and stirring for 30 min
	120.90
	5.76
	0.174
	BET, XPS, XRD, SEM, EDS
	(Zhang et al. 2022b)

	nZVI
	Corn stalks
	The oxygen-limited heating and NaBH4 reduction
	Corn stalks pyrolyzed for 2 h at 450 °C
Fe2+: BC=1:1, 0.108 M NaBH4 is dropwise added to mixture of BC and Fe2+, under N2 at 25 ℃ stirring 4 h
	68.08
	< 4
	0.043
	SEM, TEM, FT-IR, BET
	(Jiang et al. 2020)

	Zr
	Biosolid biomass
	Pyrolysis and
Co-precipitation
	Pyrolysis is employed at 300 °C for 30 min
Zr4+: BC=1: 11, 0.1 M NaOH is added to mixture of BC and ZrCl4 aging for 12 h at room temperature
	75.90
	3.37
	0.060
	BET, Element Analysis, FT-IR, XRD, SEM, EDS, HRTEM, XPS
	(Rahman et al. 2021)

	Cu
	Rice straw
	Pyrolysis and NaBH4 reduction
	Rice straw is pyrolyzed for 2 h at 500 °C under N2 and treated with 0.1 M HCl for 6 h
Cu2+: BC=1:5, biochar is dissolved in CuCl2·H2O solution with a N2 steam for 1 h and 0.054 M NaBH4 is added stirring for 30 min under N2
	135.35
	-
	0.101
	XRD, FT-IR, BET, SEM, EDS, XPS, HRTEM, Element Analysis
	(Fu et al. 2017)

	Cu
	Coconut shell
	Pyrolysis and Impregnation
	Coconut shell is pyrolyzed for 90 min at 900 °C under N2 and washing with 1.0 M HCl
Cu2+: BC=0.06, BC is added into the CuSO4 solution standing still for 24 h and it is pretreated at 900 °C under N2 for 30-120 min
	916.20
	1.7-3.7
	0.100
	XRF, Element Analysis, XRD, SEM-EDX, BET, XPS
	(Zhang et al. 2020b)

	CuFeO2
	Pepper stalks
	Pyrolysis and
[bookmark: _Hlk97563233]Hydrothermal
	Pepper stalks are pyrolyzed at 450 °C at N2 for 2 h
BC and NaOH are mixed with Cu2+/Fe3+ stirring for 1 h
The precipitation is hydrothermally treated at 180 °C for 24 h
	37
	7.95
	0.074
	XRD, SEM-EDX, FT-IR, XPS, HRTEM, BET
	(Xin et al. 2021)

	CuFe2O4
	Bamboo powder
	Pyrolysis and
Sol-gel
	Bamboo is pyrolyzed at 800 °C for 1 h
BC mixed with solution of Cu2+/Fe3+/ citric acid is stirred at 80 °C for 4 h
The solid is dried at 105 °C and calcined at 700 °C for 4 h in N2
	-
	-
	-
	XRD, SEM, TEM, XPS, FT-IR, EPR
	(Zhao et al. 2020)

	[bookmark: OLE_LINK15]nFe3O4
	Pine needles
	[bookmark: OLE_LINK6]Pyrolysis and Impregnation
	Pine needle is pyrolyzed at 300/400/500/700 °C for 2 h
Biochar is dispersed into NH3·H2O and placed in an ultrasound bath at 65 °C. The mixed solution of Fe2+/Fe3+ is added into the above solution
	-
	-
	-
	SEM, XRD, XPS, FT-IR
	(Ouyang et al. 2017)

	γFe2O3
	Banana peel
	Pyrolysis and
Hydrothermal 
	The banana peel and FeSO4·7H2O are mixed and stirred for 2 h
The mixture is treated at 180 °C for 6 h, and product is dried and calcined at 600 °C for 2 h in N2
	407-50
	-
	0.393-0.522
	XRD, HRTEM, Raman, FE-SEM-EDS, BET, XPS, VSM
	(Rong et al. 2019)

	Co3O4
	Wheat straw
	Pyrolysis and 
Co-precipitation
	Co2+: BC=1: 50, the Co2+ solution is mixed with BC reacting for 12 h
The precipitate is calcined in air at 450 °C for 4 h
	76
	-
	-
	SEM-EDS, TEM, XRD, XPS, FT-IR
	(Xu et al. 2020)

	MnFe2O4
	Pine needles
	Pyrolysis and
Co-precipitation
	The raw materials are pyrolyzed at 500 ℃ for 2 h
BC is mixed with solution of Mn2+ and Fe3+ with ultrasound for 30 min
NH3·H2O is mixed with the suspensions stirring for 1 h at 80 °C and composite is dried at 60 °C for 24 h
	121
	3.17
	0.218
	XRD, SEM-EDS, BET, FT-IR, XPS
	(Lai et al. 2019)

	ZnO
	Water hyacinth
	Plant enrichment
and Pyrolysis
	ZnO suspensions (Zn concentration is 160 mg·L-1) and water hyacinth are transferred to flowerpots for 20 days
Roots and stems-leaves are pyrolyzed under N2 at 400 °C for 2 h
	140
	2.70
	0.095
	TEM, FE-SEM-EDS, FT-IR, XRD, BET, EXAFS
	(Xu et al. 2022)

	MnO2
	Rice husk
	Pyrolysis and Hydrothermal 
	Rice husk is heated at 600 °C for 1 h under N2
Mn: BC=1:3, HCl is mixed with solution of MnO42- Thereafter, biochar is placed in the mixture solution stirred for 1 h and heated at 100 °C for 6-12 h
	112/173
	-
	-
	XRD, SEM-EDX, TEM, BET, XPS
	(Jung et al. 2019)

	MgO
	Sugarcane crop Harvest residue
	Impregnation and Pyrolysis
	The mixed solution of Mg2+ and sugarcane crop harvest residue are heated at 80 °C and dried at 105 °C for 6 h
The mixture is calcined under N2 for 30 min and pyrolyzed at 550 °C for 1 h under N2
	41-219
	2.35-22.38
	0.061-0.372
	Elemental Analysis, BET, FEG-SEM-EDX, TEM, FT-IR, XPS, XANES
	(Li et al. 2017b)

	MnOx
	Rape straw
	Impregnation and Pyrolysis
	Rape straw is mixed with MnO4- solution, stirred at 80 °C for 3 h and dried at 105 °C
The biochar precursors are heated to 600 °C under N2, for 1 h and washed with NaHCO3 solution
	111
	3.14
	0.087
	BET, FT-IR, SEM
	(Li et al. 2017a)

	TiO2
	Rice husk
	Pyrolysis and Sol-gel
	Rice husks are carbonized at 600 °C under N2 for 30 min
The biochar and KOH solution are activated at a solid-liquid ratio of 1:10 at 20 °C for 2.5 h
The preliminary activated biochar with KOH powder in a ratio of 1:4 is activated again at 900 °C
	780
	2.32
	0.560
	SEM-EDS, HRTEM, XRD, BET, XPS, Raman 
	(Guo et al. 2022)

	AlxOy
	Distillers’ grains
	Impregnation and Pyrolysis
	Distillers’ grains and Al3+ solution is mixed stirring at 180 rpm for 24 h at 25 °C
The mixture is dried at 80 °C and pyrolyzed at 600 °C for 2 h in N2 atmosphere
	51
	-
	0.081
	Elemental Analysis, ICP-OES, SEM-EDX, XRD, FT-IR
	(Cheng et al. 2021)

	CuO
	Corn stalks
	Pyrolysis and Co-precipitation
	Corn stalks is pyrolyzed at 500 ℃ for 2 h
1 M NaOH is added in the mixture solution of BC, Cu (CH3COO)2 and 1-thioglycerol (Cu: BC=1.6) stirring for 1.5 h and the solid is dried and calcined in the N2 atmosphere at 550 °C for 2 h
	180
	2-50
	-
	XRD, BET, FT-IR, SEM, XPS
	(Li et al. 2020)

	P
	Maize straw
	Pyrolysis and Ball milling
	Maize straw is pyrolyzed in N2 at 300/500/700 ℃ for 4 h
Red phosphorus powder is mixed with biochar and the mixture is milled at 300 rpm for 6-24 h
	147
	-
	-
	Elemental Analysis, BET, XPS
	(Zhang et al. 2022a)

	P
	Wood
Bamboo Cornstalk 
Rice husk
	Impregnation
	Feedstock is treated in the pyrolysis system for 2 h at 350, 550, and 750 °C
The biomass is impregnated in K3PO4 solution with a mass ratio of 1:2 (biomass to K3PO4)
Mixture is heated for 6 h at 80 °C and pyrolyzed under N2 at 550 °C
	288.84-333.96
	-
	0.340-0.550
	Elemental Analysis; XRF, FT-IR, XRD, XPS, BET
	(Zhang et al. 2020a)

	N
	Rice straw
	Impregnation
and Pyrolysis
	Pyrolysis is conducted under N2 for 4 h at 400-1000 °C
Urea is dissolved into water, in which biochar is thoroughly impregnated at 105 °C and mixture is carbonized at 1000 °C for 4 h under N2
	158
	-
	0.196
	XRD, Raman, XPS
	(Ding et al. 2020)

	N
	Corncob
	Impregnation and Pyrolysis
	Corncob is added to the urea solution in the weight ratio of 1:X (X=0, 1, 2, 3, 4) stirred for 12 h and dried at 80 °C
The obtained mixture is heated to 700 °C and maintained under nitrogen flow for 2 h
	2-5
	-
	-
	XRD, EDS, XPS, BET, FT-IR
	(Wang et al. 2019)

	S
	Rice straw
	Impregnation and Pyrolysis
	Pyrolysis is conducted under N2 for 4 h at 400-1000 °C
Diphenyl disulfide is dissolved into water, in which biochar is impregnated at 105 °C and mixture is carbonized at 1000 °C for 4 h under N2
	106
	-
	0.166
	XRD, Raman, XPS
	(Ding et al. 2020)

	S
	Bamboo
	Hydrothermal and Pyrolysis
	Biomass is added into mixed solution with FeCl3 and Na2S2O8 stirring for 12 h
Precipitation is aged for 2 h at 220 °C and are pyrolyzed in N2 for 2 h
	216.24
	1.37
	0.1029
	BET, FT-IR, Elemental Analysis, SEM, TGA, XPS, XRD
	(Zhang et al. 2022c)

	N-S
	Rice straw
	Impregnation and Pyrolysis
	Pyrolysis is conducted under N2 for 4 h at 400-1000 °C
Thiourea is completely dissolved into water, in which biochar is impregnated at 105 °C
Mixture is carbonized at 1000 °C for 4 h under N2
	109
	-
	0.188
	XRD, Raman, XPS
	(Ding et al. 2020)

	N-S
	Bamboo
	Hydrothermal and Pyrolysis
	Biomass is added into mixed solution with FeCl3 and Na2S2O8, stirring for 12 h
Precipitation is aged for 2 h at 220 °C and are pyrolyzed in N2 for 2 h
	103.87
	1.79
	0.0513
	BET, FT-IR, Elemental Analysis, SEM, TGA, XPS, XRD
	(Zhang et al. 2022c)

	N-P
	Corn stalk
	Pyrolysis
	The biomass powders and ammonium phosphate are mixed at a mass ratio: 2.0: 1.1
The mixtures are pyrolyzed in N2 at 350/650 °C for 1 h
	43.9/81.6
	6.8/
28.8
	0.139/
0.316
	Elemental Analysis, FT-IR, XPS, SEM, BET 
	(Tang et al. 2021)

	N-B
	Wheat straw 
	Pyrolysis
	Wheat straw and urea are mixed in water stirring at 70 °C and pyrolyzed at 700 °C under N2 for 1 h
Mixture of the N-doped biochar and boric acid are pyrolyzed at 700 °C for 1 h
The final products are rinsed with boiling water
	72.01-103.47
	-
	-
	SEM, EDS, FT-IR, XPS
	(Dou et al. 2022)



[bookmark: _Hlk116713343]Table S2 Data of CED and GHG for NPs@BC composites 
	Nanoparticles
	Cumulative energy demand CED/ (kJ/kg)
	Greenhouse gas emission (CO2 equivalent) GHG/ kg CO2 eq tonne-1
	References

	TiO2
	19-40
	4-30
	(Meyer et al. 2009)

	nNi
	14.976-150
	8.85-18.07
	(Guohua et al. 2021, Meyer et al. 2009)

	nZVI
	0.281-324
	1068-250506
	(Nduagu et al. 2022, Visentin et al. 2019, Visentin et al. 2021)

	Fe3O4
	92-30000
	6110-37900
	(Marimon Bolivar and Gonzalez 2018, Rahman et al. 2022)

	biochar
	2.925-581.65
	0.351-262
	(Azzi et al. 2019, 2022, Brassard et al. 2018, Ibarrola et al. 2012, Meyer et al. 2011, Peters et al. 2015, Roberts et al. 2010)




Table S3 Summary of reports about the adsorption kinetic and isotherm models of contaminants onto the NPs@BC composites
	Nanoparticles
	Contaminants
	Isotherm
	Parameters
	Kinetic model
	Parameters
	References

	Fe
	Cr, As, Pb
	Bandu
	qm0: 1582/97.37/7.53 mg·L-1
b0: 0.002/0.03/4.38 L·mg-1
x: -0.31/-0.86/0.08
y: -0.4/0.25/0.16
R2: 0.995/0.979/0.974
	Pseudo-second-order
	qe: 3.84/3.84/3.77 mg·g-1
K2: 0.002/0.003/0.005 g·mg-1·min-1
R2: 0.975/0.988/0.986
	(Neeli et al. 2020)

	Fe
	Cu
	Bandu
	qm0: 5.15mg·L-1
b0: 0.960 L·mg-1
x: -1
y: 0.38
R2: 0.991
	Pseudo-first-order
	qe: 3.84/3.84/3.77 mg·g-1
K1: 0.002/0.003/0.005 h-1
R2: 0.975/0.988/0.986
	(Neeli et al. 2020)

	nZVI
	Cd, As
	Redlich-Peterson
	α: 0.0019/1.606
β: 1.2982/0.8592
R2: 0.983/0.940
	Pseudo-second-order
	qe: 6.51/13.15 mg·L-1
K2: 0.41/4.26 g·mg-1·h-1
R2: 0.992/0.994
	(Yang et al. 2020)

	Fe3O4
	Methylene blue
	Langmuir
	Qm: 163.93 mg·g-1
KL: 0.2155 L·mg-1
RL: 0.009-0.083
R2: 0.999
	Pseudo-second-order
	qe: 151.5152 mg·g-1
h: 7.2833 mg·g-1·min-1
K2: 0.000317 g·mg-1·min-1
R2: 0.999
	(Ma et al. 2015)

	MgO
	Pb, Cd
	Hill
	n: 0.7879/1.1469
C: 21.42/48.26
R2: 0.987/0.989
	Pseudo-second-order
	qe: 338.98/187.97 mg·L-1
K2: 3.8×10-5/7.8×10-5 g·mg-1·min-1
R2: 0.998/0.999
	(Cheng et al. 2022)

	N
	Norfloxacin
	Freundlich
	Kf: 5.90 mg1-n·L-n·g-1
n: 0.19
R2: 0.978
	Elovich
	α: 2.10 mg·g-1·min-1
β: 1.12×108 g·mg-1
R2: 0.999
	(Wu et al. 2022)

	N-P
	Sulfapyridine
	Freundlich
	Kf: 6.29 mg1-n·L-n·g-1
n: 0.37
R2: 0.984
	Elovich
	α: 0.36mg·g-1·min-1
β: 4805.6 g·mg-1
R2: 0.998
	(Tang et al. 2021)
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