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Experimental details
Materials
All chemical reagents were used as received without further purification unless otherwise specified. The Glycerol was purchased from Tianjin FUYU CHEMICAL Co., LTD and the tungsten chloride was purchased from Shanghai Maclin Biochemical Technology Co., LTD. The potato starch was obtained by Gansu harvest Agricultural Technology Co., Ltd and The thiourea was purchased from Tianjin Zhiyuan Chemical Reagent Co. LTD. Potassium dihydrogen phosphate, dipotassium hydrogenphosphate, hydrochloric acid and sodium hydroxide were purchased from Tianjin Dingsheng Xinhua Co., LTD. The solutions were prepared with ultrapure water. 
Apparatus
The structure of the materials was performed by Scanning electron microscopy (Regulus 8220, Hitachi High-Technologies Corporation, Japan) and the structural stability of the materials were investigated using a thermal analyzer (STA 6000, PerkinElmer, Shelton, USA). 3 mg of the sample was tested from 30 °C to 800 °C under nitrogen atmosphere with 20 mL/min flow rate and the heating rate was 10 °C/min. Zeta potential of the materials was determined by Zetasizer Nano-ZS90 (Malvern Instruments, Westborough, MA, USA). Prior to the test, the materials were dispersed in a solution of pH 1-10 to determine the potential. The X-ray diffraction pattern was measured from 4 to 70° with a scanning speed of 4°/min by using a D8-Advance X-ray diffractometer (Bruker AXS Co., Ltd., Karlsruhe, Germany) and the Cu-Kα radiation was used under the 20 mA and 40 kV conditions. The FTIR was performed by using a Fourier transform infrared spectrometer (PerkinElmer, Shelton, USA) with a resolution of 4 cm−1. X-ray photoelectron spectroscopy was analyzed by EscaLab Xi+ X-ray photoelectron spectrometer (Thermo Scientific, West Sussex, UK) with a monochromatic Al-Kα radiation. The spectrum was previously calibrated and the energy was referenced to C1s at 284.8 eV. Electrochemical behaviors were measured on CHI 660E (Shanghai Chenhua Instrument Co., LTD, Shanghai, China) by differential pulse voltammetry (DPV) with conventional three electrode system. 












Figures and Tables
Table S1. Fitting equations of the adsorption kinetics for Hg (Ⅱ) adsorption and MB adsorption on TH@WOx/SP.
	Object
	Pseudo-first-order equation
	Pseudo-second-order equation

	
	y=ax+b
	y=ax+b

	Hg (Ⅱ)
	y=0.00555x+2.6621
	y=0.000449x+0.00176

	MB
	y=0.00946x+1.7957
	y=0.00535x+0.0483





Table S2. Fitting data of kinetic model for Hg (Ⅱ) adsorption and MB adsorption on TH@WOx/SP.
	Object
	qe,e(mg/g)
	Pseudo-first-order equation
	Pseudo-second-order equation

	
	
	qe,c
(mg/g)
	R2
	K1(h-1)
	qe,c
(mg/g)
	R2
	K1(h-1)

	Hg(Ⅱ)
	2201.16
	432.7449
	0.4632
	0.7669
	2227.1715
	0.9991
	0.00687

	MB
	175.01
	62.7735
	0.8305
	1.3072
	186.7258
	0.9981
	0.03556





Table S3. Fitting equations of the adsorption isotherms for Hg (Ⅱ) adsorption and MB adsorption on TH@WOx/SP.
	Object
	Langmuir equation
	Freundlich equation

	
	y=ax+b
	y=ax+b

	Hg(Ⅱ)
	y=0.0004x+0.00406
	y=0.4335x+2.4981

	MB
	y=0.00553x+0.00481
	y=0.2536x+1.8436





Table S4. Fitting data of adsorption isotherm for Hg (Ⅱ) and MB adsorption on TH@WOx/SP.
	Object
	Langmuir equation
	Freundlich equation

	
	qm
(mg/g)
	b
	R2
	n
	Kf
	R2

	Hg(Ⅱ)
	2305.66
	0.1068
	0.9961
	2.3068
	314.8473
	0.9171

	MB
	180.83
	1.1497
	0.9998
	3.9432
	69.7590
	0.8884





Table S5. Comparison of the equilibrium time and adsorption capacities with other
adsorbents for Hg(II) and MB .
	Adsorbents
	Adsorption capacity m Q (mg/g) /Equilibrium
time (min)
	References

	
	Hg(II)
	MB
	

	Melamine-grafted chitosan
	490.7/240
	-
	(Ge &Du 2020)

	MOF-MA
	1080/10
	-
	(Wang et al. 2020)

	MnFe2O4@Zn-Al LDHs@Cel@AGB
	1200/30
	19.28/25
	(Mahmoud et al. 2021)

	GO-EDTA-CS nanocomposite
	324/120
	141/180
	(Verma et al. 2022)

	Silica-polyamide
	-
	44.6/50
	(Osman et al. 2020)

	Oxone modified hydrochar
	-
	86.7/480
	(Madduri et al. 2020)

	GONRs
	33.02/12
	-
	(Sadeghi et al. 2020)

	BSH–MMT
	104.79/360
	-
	(Pei et al. 2022)

	Salecan/GO sponge
	463/60
	-
	(Hu et al. 2021)

	TH@WOx/SP
	2201.16/30
	175.01/90
	this work





Table S6. Binding energy before and after adsorption of Hg (Ⅱ) and MB on TH@WOx/SP.
	Object
	Original (eV)
	Loded with Hg (eV)
	Loded with MB (eV)

	Hg4f
	Hg4f7/2
	-
	103.30
	-

	
	Hg4f5/2
	-
	106.22
	-

	W4f
	W4f7/2(Ⅵ)
	36.10
	36.09
	36.15

	
	W4f5/2(Ⅵ)
	38.24
	38.23
	38.29

	
	W4f7/2(Ⅴ)
	35.31
	-
	35.53

	
	W4f5/2(Ⅴ)
	37.38
	-
	37.60

	S2p
	S2p3/2
	163.61
	164.04
	163.64

	
	S2p1/2
	164.71
	165.14
	164.74

	N1s
	C–N
	399.93
	400.09
	400.02

	
	N–H
	401.89
	402.15
	401.85

	C1s
	C–C
	284.80
	284.80
	284.80

	
	C–O/C–N/C–S
	286.21
	286.31
	286.23

	
	C=O
	289.04
	289.15
	289.05

	O1s
	O–W
	531.12
	531.55
	531.15

	
	O–C/O=C
	532.44
	532.75
	532.43

	
	–OH
	533.37
	533.64
	533.40




[image: C:\Users\49853\Desktop\self-2021.10.2\Figure S2-改下标.tif]
Figure S1. Comparison of the XPS spectra before and after adsorption of MB on TH@WOx/SP.
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