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Text S1: Phosphate species at different pH solution
H3PO4, H2PO4-, HPO42- and PO43- are the main forms of the phosphate at different pH solution, which can be illustrated as follows (Abdellaoui et al., 2021; Xiong et al., 2017):
H3PO4 H++ H2PO4-  H++ HPO42-  PO43- + H+                               (2)
where dissociation constant pKa1, pK a2 and pK a3 are 2.15, 7.20 and 12.33, respectively.
[bookmark: _Hlk111801993]Table S1
Chemical composition of samples (wt %).
	Sample
	O
	Si
	Fe
	Ca
	Al
	Ti
	K
	Mg
	Cl
	Na
	Others

	CGCS
	40.23
	16.27
	14.50
	13.38
	7.59
	0.75
	1.92
	0.78
	0.77
	0.97
	2.85

	CGCS-H-W
	50.81
	40.41
	2.22
	2.55
	1.88
	0.29
	0.50
	0.17
	0.59
	0.22
	0.40

	HSMC
	43.72
	23.05
	6.33
	5.71
	11.47
	0.84
	0.96
	1.62
	5.2
	0.42
	0.68
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Fig. S1. (a) N2 adsorption–desorption isotherms and (b) pore size distribution of HSMC and CGCS.




Table S2
BET specific surface area and BJH pore parameters of CGCS and HSMC.
	Sample
	BET specific surface area (m2/g)
	BJH average pore diameter (nm）
	BJH cumulative volume of pores (cm3/g)

	CGCS
	3.6
	6.53
	0.0094

	HSMC
	66.95
	7.35
	0.1651


Table S3
Adsorption isotherm parameters. Adsorption conditions: oscillation rate, 150 rpm; reaction time, 24 h; sorbent dose, 1 g/L; initial phosphate concentration, 5-80 mg/L. 
	Langmuir
	
	
	Freundlich
	
	

	qm (mg/g)
	kL (L/mg)
	R2
	
	1/n
	KF ((mg/g)/(mg/L) 1/n)
	R2

	28.618
	0.126
	0.997
	
	0.366
	6.185
	0.961


Table S4
Comparison of the adsorption capacity of HSMC and adsorbents given in literatures for phosphate.
	Adsorbent
	Initial concentration
(mg/L)
	pH
	Temperature
(°C)
	Sorption capacity
(mg/g)
	Ref.

	Zr/Al-Mt
	20–50
	5.0
	25
	17.2
	(Huang et al., 2015)

	Iron oxide tailings
	5-150
	6.6-6.8
	20-21
	8.2
	(Zeng et al., 2004)

	BFSs
	50-500
	7.0
	20
	18.9
	(Kostura et al., 2005)

	ACF-LaOH
	10-70
	/
	25
	15.3
	(Zhang et al., 2012)

	La-Ves
	1.02-5.03
	7.1
	25
	6.7
	(Li et al., 2009)

	La-Z
	5-60
	6.0
	40
	17.2
	(He et al., 2017)

	La-FACC
	10-200
	/
	25
	24.9
	(Asaoka et al., 2021)

	MKC
	0-160
	7.5
	25
	11.92
	(Deng and Shi, 2015)

	HSMC
	5-80
	6
	25
	28.62
	This study


Table S5
Adsorption kinetic parameters of HSMC to phosphate.
	Kinetic models and Experimental results
	Plot parameters
	Values

	Experimental adsorption capacity
	qe,exp (mg/g)
	24.22

	Pseudo-first-order
	qe,cal (mg/g)
	23.346

	
	K1 (min-1)
	0.744

	
	R2
	0.942

	Pseudo-second-order
	qe,cal (mg/g)
	24.772

	
	K2 (min-1)
	0.045

	
	R2
	0.996

	Intraparticle diffusion
	Kid1 (mg/g min1/2)
	9.138

	
	C
	3.420

	
	R2
	0.996

	
	Kid2 (mg/g min1/2)
	1.932

	
	C
	16.246

	
	R2
	0.984

	
	Kid3 (mg/g min1/2)
	0.131

	
	C
	23.332

	
	R2
	0.979


Table S6
Comparison of leaching results of calcium, aluminum and iron from HSMC.
	Element 
	Water type
	Units
	Content

	Ca
	DI water
	mg/L
	16.1

	Al
	
	mg/L
	< 0.03

	Fe
	
	mg/L
	< 0.02

	Ca
	Phosphate solution
	mg/L
	5.2

	Al
	
	mg/L
	< 0.01

	Fe
	
	mg/L
	< 0.01


Table S7 Main components of actual wastewater.
	Main components
	Units
	Content

	Ca2+
	mg/L
	57.2 

	K+
	mg/L
	6.7 

	Mg2+
	mg/L
	129.1 

	Na+
	mg/L
	477.8 

	NH4+
	mg/L
	0.1 

	Cl-
	mg/L
	465.4 

	NO3-
	mg/L
	5.3 

	SO42-
	mg/L
	660.9 

	HCO3-
	mg/L
	481.6 

	CODMn
	mg/L
	4.3 

	PO43-
	mg/L
	0.04 
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Fig. S2. 2D correlation spectra of HSMC and phosphate reaction.
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