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Text S1 Characterization. The morphology was characterized by scanning electron microscopy (SEM) (JEOL JSM 7401) and transmission electron microscope (TEM) (TecnaiG2-20). Thermogravimetric analysis (TGA) was obtained using a STA 449C  thermal analyser (NEZSCH, Germany) from 25 to 600 °C under a N2 atmosphere. The surface elemental compositions and phases of the powder samples before and after Pb(II) removal were determined by X-ray photoelectron spectroscopy (XPS) (Kratos AXIS Ultra DLD) using a monochromic Al-Kα (λ=1486.7 eV) and X-ray diffraction (XRD) (Bruker D8-Advance diffractometer) using Cu Kα radiation (λ=1.5418 Å), respectively. Pb(II) concentrations were determined using an inductively coupled plasma (ICP) (Agilent, USA).

Text S2 Data analyses
The Pb(II) adsorption capacities were calculated as follows: 
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where V is the solution volume (L), qe is the equilibrium adsorption capacity (mg•g-1) and m is the mass (g) of adsorbent. Ce and C0 are the equilibrium and initial concentration (mg/L), respectively.

The Freundlich, Langmuir and Sips isotherm models are displayed in the following formulas:


[image: image2.wmf]n

e

f

e

C

K

q

/

1

=

                                                      (2)


[image: image3.wmf]e

L

e

L

m

e

C

K

C

K

q

q

+

=

1

                                                     (3)


[image: image4.wmf]m

e

s

m

e

s

m

e

C

K

C

K

q

q

+

=

1

                                                     (4)
where Ce is equilibrium Pb(II) concentration (mg•L-1); qe (mg•g-1) and qmax (mg•g-1) are the equilibrium adsorption capacity and maximum sorption capacity, respectively; Kf (mg(n-1)/n•L1/n•g-1) is Freundlich constant; n is a sorption intensity constant; KL is Langmuir constant (L•mg-1); Ks is the Sips constant related to the adsorption energy and m is the Sips constant.
The linear equation of the Dubinin-Radushkevich (D-R) isotherm model is given in Eq(5):
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where ε and β (mol2•kJ-2) are the Polanyi potential (ε=RTln(1+1/Ce)) and the activity coefficient, respectively; qm and qe are the maximum adsorption capacity (mol•g-1) and amount of metal ions adsorbed on adsorbent, respectively. The following equation (Eq.(6)) define the free energy (E; kJ•mol-1).
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Thermodynamic parameters for the adsorption such as free energy charge (△G0), enthalpy change (△H0) and entrogy (△S0) were calculated using the following equations:
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where Kp is the thermodynamic equilibrium constant, the constant is determined using the method of Khan and Singh by plotting ln(qeq/Ceq) versus qeq and extrapolating to zero qeq (Fig. S3a). A plot of lnKp as a function of 103/T yielded a straight line (Fig. S3b).
 The adsorption kinetic data can be described by the following pseudo-second-order (Eq.(9)) and pseudo-first-order (Eq.(10)) models.
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where h0 represents the initial sorption rate (mg•g-1•min-1); k2 (g•mg-1•min-1) and k1 (min-1) are sorption rate constants; qt and qe (mg•g-1) represent the amount of lead adsorbed on MHM-400 at t and equilibrium, respectively.
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Fig. S1. SEM images of the PS microspheres under different dosage of styrene；(a) 10 mL, (b) (c) 40 mL, (d) 80 mL (temperature, 70 °C; reaction time, 24 h; ).
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Fig. S2. SEM images of the PS microspheres under different dosage of KPS; (a) 0.6 g, (b) 0.35 g, (c) (d) 0.125 g (temperature, 70 °C; reaction time, 24 h).
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Fig. S3. Plots of ln(qe/Ce) as a function of qe (a) and van’t Hoff (b) for the Pb(II) adsorption on MHM-400
Table S1. Supplier, mass fraction purity, and CAS registry number of chemicals.
	component
	mass fraction
	suppliers
	CAS Reg. No.

	Potassium persulfate
	>99%
	Shanghai Macklin Biochemical Co., Ltd
	7727-21-1

	magnesium nitrate hexahydrate
	>99%
	Damao Chemical Reagent Factory
	13446-18-9

	Styrene
	>99.7%
	Shanghai Macklin Biochemical Co., Ltd
	100-42-5

	Citric acid
	>99%
	Tianjin Kemiou Chemical Reagent Co., Ltd
	77-92-9

	Sodium hydroxide
	>96.0%
	Xilong Scientific Co., Ltd
	1310-73-2

	Sodium chloride
	>99.5%
	Xilong Scientific Co., Ltd
	7647-14-5

	Potassium chloride
	>99.5%
	Xilong Scientific Co., Ltd
	7447-40-7

	Anhydrous ethanol
	>99.5%
	Tianjin Kemiou Chemical Reagent Co., Ltd
	64-17-5

	Lead nitrate
	>99.7%
	Tianjin Kemiou Chemical Reagent Co., Ltd
	10099-74-8


Table S2. Thermodynamic parameters for Pb(II) removal by MHM
	Adsorbent
	Temp.

(°C)
	Thermodynamics parameters

	
	
	△G0

(kJ mol-1)
	△H0

(kJ mol-1)
	△S0

(J mol-1 K-1)

	
	
	
	
	

	MHM-400
	25
	-49.06
	581.71
	2116.7

	
	35
	-70.23
	
	

	
	45
	-91.40
	
	


Table S3. Langmuir, Freundlich and Sips model Parameters of Pb(II) Adsorption on MHM-400 at different temperatures
	Isotherm models
	Parameters
	25 °C
	35 °C
	45 °C

	Langmuir
	Qm (mg/g)
	3676
	4024
	4456

	
	KL
	0.216
	0.434
	0.834

	
	R2
	0.9979
	0.7934
	0.6834

	Freundlich
	n
	21.47
	25.15
	32.89

	
	Kf
	2719
	3129
	3705

	
	R2
	0.8073
	0.9729
	0.9732

	Sips
	Qm (mg/g)
	3700
	4584
	5087

	
	KS
	0.2725
	0.1405
	0.1345

	
	m
	0.9204
	0.0595
	0.0352

	
	R2
	0.9986
	09630
	0.9632


Table S4. The kinetic parameters of Pb(II) adsorption on the MHM-400
	
	pseudo-first-order kinetics
	
	pseudo-second-order kinetics

	
	K1
(min−1)
	Qe.cal
(mg/g)
	R2
	
	K2
(g mg−1 min−1)
	Qe.cal
(mg/g)
	h0

(mg g−1 min−1)
	R2

	Pb(II)
	0.0044
	149.95
	0.2890
	
	0.8072
	149.95
	18149
	0.9997
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