Supplementary Materials
Text S1 Chemicals and materials
[bookmark: OLE_LINK14]  Petroleum hydrocarbon wastewater was collected from a contaminated site in Chongqing, (29°29'14.55″ N, 106°30'11.36″ E). Ferric nitrate nonahydrate (Fe (NO3)3·9H2O) and Manganese nitrate tetrahydrate (Mn (NO3)2·4H2O) were purchased from Aladdin Chemical Reagents Ltd. (Shanghai, China). Corn cobs and wheat straw are purchased from Henan Lize Environmental Protection Technology Ltd. (Henan, China). Citric acid (C6H8O7) and sodium persulfate (Na2S2O8, AR) were purchased from Xilong Science Ltd. (Sichuan, China). Ammonia water (NH3·H2O), nitric acid (HNO3, AR), and reduced iron powder (Fe) were purchased from China National Pharmaceutical Group Chemical Reagent Ltd. (Shanghai, China). Acetone and dichloromethane were purchased from Shanghai McLean Biological Reagents Ltd. (Shanghai, China).


Text S2 Material characterization
(1) SEM analysis
Using a ZEISS Gemini 360 scanning electron microscope, the surface morphology of MnFe2O4@BC before and after reaction, as well as that of the original biochar (BC), was observed using an In Lens detector under the following conditions: an electron beam voltage (EHT) of 10.00 kV, a working distance (WD) of 7.7 mm, and a magnification range of 500–100,000[1]. 
(2) Specific surface area (BET) analysis
A specific surface area analyzer was used to determine the specific surface area and pore size of the material at a temperature of 400 °C and a reaction time of 2 h[2].
(3) X-ray diffraction (XRD) analysis
An Ultima IV X-ray diffractometer manufactured by Rigaku (Japan) was used, employing a 40 kV, 40 mA copper-targeted K radiation source, with a 10 mm high-limiting slit, an anti-scatter slit of 8.0 mm, and a detector angle 5 θ ranging from 10°to 80°, to scan the MnFe2O4@BC samples before and after reaction at a speed of 0.02°/s, thereby determining their crystal structure[3].
(4) X-ray photoelectron spectroscopy (XPS) analysis
In this study, an ESCALAB 250XI X-ray photoelectron spectrometer manufactured by Thermon Scientific K-Alpha (USA) was employed to conduct qualitative analyses of the catalysts before and after the reaction. This was done to determine their elemental composition and the valence states of surface-active components, and to investigate the roles of the catalysts surface-active components and functional groups during the reaction process[4].
(5) Fourier-transform infrared (FTIR) spectroscopy 
An IS5 infrared spectrometer manufactured by Thermon Fisher Scientific (USA) was used to analyses the types of functional groups present in MnFe2O4/BC before and after the reaction, as well as changes in chemical bonds[5].



Table S1 Characteristics of Different Activated PS
	Activation method
	Advantages
	Disadvantage
	Ref.

	Thermal activation
	The reaction is convenient and does not require the addition of activators.
	Requires high energy consumption, difficult to apply on a large scale
	[5]

	Alkali activation
	Interactions of various free radicals
	The product pH is too high; a secondary repair will be carried out
	[6]

	Fe2+ activation
	High efficiency, fast free radical generation, mild reaction conditions
	The concentrations of Fe2+ and Fe3+ ions in the product are high
	[7]

	Ultrasonic activation
	The reaction conditions are mild and there is no secondary pollution
	Low energy efficiency, weak environmental adaptability, 
	[10]

	Ultraviolet light activation
	Clean and efficient, highly controllable, with no secondary pollution
	Mass transfer limitations and poor environmental adaptability
	[4]

	biological activation
	Strong environmental compatibility, no secondary pollution, extremely low energy consumption
	Easily disturbed, slow activation rate
	[9]

	Activation of carbon-based supported materials
	Efficient, stable, environmentally friendly, highly adaptable, eco-friendly, low secondary pollution, wide applicability, strong anti-interference capability
	Preparation cost is relatively high
	[8]


[bookmark: OLE_LINK1]

Table S2 Parameter settings for preparing MnFe2O4@biochar (MFB) by sol-gel method
	Name
	Calcination temperature
	Fe（NO3)3·9H2O (mol)
	Mn（NO3)2·4H2O (mol)
	Fe:Mn
	Citric acid (mol)
	BC addition amount (g)

	MFBX/Y 300
	300
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y 400
	400
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y 500
	500
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y700
	700
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y 800
	800
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y 900
	900
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y 2：1
	400
	10
	5
	2:1
	15
	5

	MFBX/Y 3：1
	400
	10
	3.4
	3:1
	13.4
	5

	MFBX/Y 4：1
	400
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y 1:1
	400
	10
	10
	1:1
	20
	5

	MFBX/Y 1:3
	400
	3.4
	10
	1:3
	13.4
	5

	MFBX/Y 1:4
	400
	2.5
	10
	1:4
	12.5
	5

	MFBX/Y 5:1
	400
	10
	2
	5:1
	12
	5

	MFBX/Y@1
	400
	10
	2.5
	4:1
	12.5
	1

	MFBX/Y@2.5
	400
	10
	2.5
	4:1
	12.5
	2.5

	MFBX/Y@5
	400
	10
	2.5
	4:1
	12.5
	5

	MFBX/Y@7
	400
	10
	2.5
	4:1
	12.5
	7

	MFBX/Y@10
	400
	10
	2.5
	4:1
	12.5
	10





Table S3 Elemental composition of MFBX biochar
	Element
	Line Type
	Weight (%)
	Atomic (%)

	C
	K series
	47.41
	67.33

	O
	K series
	21.74
	23.18

	Si
	K series
	0.11
	0.07

	Mn
	K series
	6.30
	1.96

	Fe
	K series
	24.44
	7.47

	Total
	K series
	100
	100



Table S4 Elemental composition of MFBY biochar
	Element
	Line Type
	Weight (%)
	Atomic (%)

	C
	K series
	36.05
	58.03

	O
	K series
	23.61
	28.17

	Si
	K series
	0.35
	0.24

	Mn
	K series
	6.77
	2.35

	Fe
	K series
	32.77
	11.20

	Total
	K series
	100
	100





Table S5 BET data for wheat straw
	Sample
	specific surface area (m2/g)
	Kong Rong (g/cm3)
	Average pore size（nm)
	Hole type 

	BCX
	149.010
	0.156
	4.201
	mesoporous

	Fe@BCX
	151.422
	0.222
	5.869
	mesoporous

	MFB
	50.430
	0.126
	10.006
	mesoporous

	MFBX
	155.268
	0.204
	5.264
	mesoporous



Table S6 BET data for maize cobs
	Sample
	specific surface area (m2/g)
	Kong Rong (g/cm3)
	Average pore size（nm)
	Hole type

	BCY
	52.262
	0.074
	5.651
	mesoporous

	Fe@BCY
	46.843
	0.095
	8.138
	mesoporous

	MFB
	50.430
	0.126
	10.006
	mesoporous

	MFBY
	152.453
	0.188
	4.932
	mesoporous





Table S7 Adsorption of TPH by BC at different concentrations
	
	Quasi-first-order kinetics
[Qt=1-exp(-k1t)]
	Quasi-second-order dynamics
[t/Qt = 1/(k2Qe2) + t/Qe]

	C0 
mg/L
	Qe 
mg/L
	K1
(min-1)
	R2
	C0 mg/L
	Qe 
mg/L
	K2
(g/min·m in-1)
	R2

	500
	190.7
	0.08317
	0.9909
	500
	167.4
	0.00287
	0.97823

	1000
	413.2
	0.08448
	0.99283
	1000
	375.1
	0.00137
	0.97394

	5000
	2343.5
	0.11586
	0.95369
	5000
	2243
	3.90553
	0.98033

	10000
	4874
	0.14272
	0.91131
	10000
	4483
	1.5825
	0.98191



Table S8 Adsorption of TPH by MFBX at different concentrations
	
	Quasi-first-order kinetics
	Quasi-first-order kinetics

	C0 
mg/L
	Qe 
mg/L
	K1
(min-1)
	R2
	C0 
mg/L
	Qe 
mg/L
	K2
(g/min·m in-1)
	R2

	500
	207.65
	0.08514
	0.98406
	500
	219.25
	0.00292
	0.9822

	1000
	379.7
	0.08289
	0.9673
	1000
	464.8
	0.00144
	0.9804

	5000
	2218
	0.14549
	0.9859
	5000
	2532.5
	3.167
	0.97451

	10000
	4683
	0.18262
	0.9986
	10000
	5188
	1.5143
	0.97976


Pour：BCX：Wheat straw biochar, MFBX: MnFe2O4@BCX



Table S9 Comparison of XPS results for fresh and used MFBX
	Elements and functional groups
	fresh (%)
	used (%)
	change

	Fe (Ⅱ)
	45.5
	65.48
	19.98↑

	Fe (Ⅲ)
	54.5
	34.52
	19.98↓

	Mn (Ⅱ)
	43.14
	48.22
	5.08↑

	Mn (Ⅲ)
	45.38
	36.14
	9.24↓

	Mn (Ⅳ)
	11.48
	15.64
	4.16↑



Table S10 Comparison of XPS results for fresh and used MFBY
	Elements and functional groups
	Fresh (%)
	Used (%)
	change

	Fe (Ⅱ)
	57.86
	53.03
	4.83↓

	Fe (Ⅲ)
	42.14
	46.97
	4.83↑

	Mn (Ⅱ)
	50.21
	54.17
	3.96↑

	Mn (Ⅲ)
	35.55
	36.36
	0.81↓

	Mn (Ⅳ)
	10.27
	13.43
	3.16↑




[image: ]
Fig. S1 Fitting of the adsorption kinetics of wheat straw biochar（BCX）
[image: ]
Fig. S2 Fitting of the adsorption kinetics for MnFe₂O₄@BCX (MFBX)
Pour：BCX：Wheat straw biochar, MFBX: MnFe2O4@BCX
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