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S1 Chemical element analysis of raw materials
In this project, the main chemical elements of red mud and lotus leaf biochar raw materials were first determined by XPS, expressed as the mass fraction of elements (wt%), and the results were shown in Table 1.
Table 1 Chemical composition of materials (wt%)

	[bookmark: _Hlk153721819]Chemical element
	Primitive red mud
	600℃ (carbonized lotus leaves)

	O1s
	46.05
	16.5

	Fe2p
	5.43
	0

	Na1s
	5.69
	0

	C1s
	24.43
	68.14

	Al2p
	9.16
	0

	Ti2p
	1.65
	0

	Si2p
	4.97
	0

	N1s
	2.61
	7.16

	K2p
	0
	5.21

	Cl2p
	0
	1.03

	Ca2p
	0
	1.92


[bookmark: _Hlk153721836]In Table 1, it can be seen that the content of O and C in the original red mud ranks the first two, followed by some metal elements, such as Fe, Si, Al and Ti, which are important reasons for the effective treatment of heavy metals in the red mud. As an organic matter, lotus leaves have abundant oxygen-containing functional groups under the carbonization at 600℃. It can also be seen from the table that O and C are the main elements after carbonization of lotus leaves. A large number of studies have shown that O and C are rich in elements, and the treatment of heavy metals will also produce certain effects.
S2 Adsorption capacity calculation formula


Where：

：The adsorption amount of Pb2+ by the material at time t，mg/g;

：The initial concentration of the heavy metal solution，mg/L； 

：The concentration of Pb2+ in the solution at time t，mg/L；

：The volume of the solution，mL；

：The quality of the material added，g.
S3 Kinetic model formula
1 Pseudo-first-order kinetic equation

                          
2 Pseudo-second-order kinetic equation


3 Elovich model


Where：

: The equilibrium adsorption capacity of the material，mg/g；

:The equilibrium adsorption capacity of the material，mg/g；

: Adsorption efficiency constant；

: Elovich's kinetic constant.
S4 Isothermal adsorption model formula
1 Langmuir adsorption isothermal model equation

                              
2 Freundlich adsorption isothermal model equation

                       
3 Temkin isothermal adsorption model 


4 Dubinin–Radushkevich isotherms






Where：






: Equilibrium adsorption capacity mg/g; : Unit saturated adsorption mg/g; : Initial solution concentration of heavy metal ions mg/L; : Concentration of heavy metal ions at adsorption equilibrium mg/L ;:Langmuir equilibrium constant L/mg; :Freundlich equilibrium constant L/mg;1/n is a parameter related to adsorption priority, and the larger the value, the stronger the adsorption strength.





: Temkin isothermal constant；: Temkin equilibrium association constant；: Gas constant (8.341)；：temperature K.(mol2/kJ2) : represents Adsorption parameter strength; 

 (kJ/mol) : represents the mean adsorption energy per molecule of adsorbate; 
S5 orthogonal experiment table and result analysis
Because the greater the amount of phosphate added, the better the performance of the material, a small amount of addition plays an auxiliary role in the material, and the performance of the material is not decisive, and can't be used as the object of investigation for the preparation parameters. Therefore, the orthogonal test of three factors and five levels was designed based on the mass ratio of the material, calcination temperature and dosage. The specific experimental scheme is based on each orthogonal experimental design group, the corresponding materials are added into 50mL of lead solution with a solubility of 500mg/L, and the solubility of lead in the solution is measured after constant temperature oscillation at 160r/min and 25℃ for 12 hours. The orthogonal experimental design is shown in Table 2.
Table 2 Orthogonal experiment table
	level
	Calcination temperature ℃
	Ratio (Red mud: lotus leaves)
	Dosage (g)

	1
	500
	1:0
	0.05

	2
	550
	2:1
	0.1

	3
	600
	1:1
	0.15

	4
	650
	1:2
	0.2

	5
	700
	0:1
	0.25


Table 3 Orthogonal experiment design and results 
	Serial number
	Calcination temperature (℃)
	Ratio (Red mud: lotus leaves)
	Dosage (g)
	Residual concentration（mg/L)

	1
	500
	1:0
	0.05
	0.118

	2
	500
	2:1
	0.15
	1.04

	3
	500
	1:1
	0.25
	3.666

	4
	500
	1:2
	0.1
	2.895

	5
	500 
	0:1
	0.2
	2.415

	6
	550
	1:0
	0.25
	1.031

	7
	550
	2:1
	0.1
	1.412

	8
	550
	1:1
	0.2
	3.544

	9
	550
	1:2
	0.05
	0.573

	10
	550
	0:1
	0.15
	1.908

	11
	600
	1:0
	0.2
	1.344

	12
	600
	2:1
	0.05
	0.901

	13
	600
	1:1
	0.15
	4.041

	14
	600
	1:2
	0.25
	2.051

	15
	600
	0:1
	0.1
	3.872

	16
	650
	1:0
	0.15
	1.098

	17
	650
	2:1
	0.25
	2.578

	18
	650
	1:1
	0.1
	3.453

	19
	650
	1:2
	0.2
	1.948

	20
	650
	0:1
	0.05
	0.549

	21
	700
	1:0
	0.1
	1.888

	22
	700
	2:1
	0.2
	1.944

	23
	700
	1:1
	0.05
	0.612

	24
	700
	1:2
	0.15
	3.589

	25
	700
	0:1
	0.25
	2.815

	Optimum level
	600
	1:1
	0.1
	

	Range R
	0.74
	1.99
	2.15
	

	Primary and secondary order
	Calcination temperature < material ratio < dosage

	Optimal combination
	Calcination temperature 600℃；      Ratio (1:1);        Dosage 0.1g



Through analysis software SPSSAU, taking the concentration of simulated lead pollution as the analysis object, using range analysis method, the optimal combination of the orthogonal experiment was obtained as follows: calcination temperature 600℃, material ratio 1:1, dosage 0.1g.
S6 Instruments and equipment
The phases experimental solid samples were analyzed by powder X-ray diffraction (XRD, Bruker-D8 Advance, Germany), using Ni-filtered Cu Kα radiation operated at 40 kV and 100 mA, scanning angle of 5~80°. The changes of the element chemical state before and after the Pb2+adsorption by the modified red mud sample was detected by an ESCALAB 250Xi (Thermo Fisher-VG Scientific, USA) spectrometer with Al Kα as the sputtering source at 12 kV and 6 mA. The pressure in the analytical chamber was at 1.0 × 10-12 Pa. All of the binding energies were referenced to the neutral C1s peak at 284.8 eV to compensate for the surface charging effects. The changes in the functional groups in the modified red mud samples before and after Pb2+adsorption was recorded with a Bruker Alpha Spectrophotometer (Nicolet 6700, Thermo Scientific, USA) using KBr pellets at room temperature. The FTIR spectra were scanned covering a wavelength range of 450cm-1~4000cm-1. The morphology and elemental distribution on the surfaces of the modified red mud samples before and after Pb2+ adsorption was examined by scanning electron microscopy (SEM, FEI-QUANTA FEG250, USA) equipped with an energy dispersive spectrometry (EDS, JOEL-JSM-5910LV, Japan).
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