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1. Characterization methods.  

Field-emitting scanning electron microscopy (FE-SEM) images were carried out by a HITACHI 

S-570 microscope with an accelerating voltage of 15 kV, and energy-dispersive X-ray (EDX) 

analysis was performed with an EDAX-PV 9100 energy dispersion X-ray fluorescence analyzer. 

Fourier transform infrared (FT-IR) spectra were recorded on a Varian-1000 spectrometer. The 

concentration of uranyl ion was determined by thermo high resolution inductively coupled plasma 

mass spectrometer (ICP-MS, Element II, Varian 810/820-MS). The analyzer works with 8 kV 

accelerating voltage, the flow rate of the water circulation should be 7.5 L/min @ 6 bar, and the inlet 

temperature should be in the range of 15 °C and 17 °C. X-ray photoelectron spectroscopy (XPS) was 

performed on ESCALAB 250 microprobe system with monochromatization of an exciting X-ray 

radiation. The contact angle was determined with a Contact Angle Meter Alpha-SE (J. A. Woollam 

Corporation). 

2. Synthesis of PP-g-PGMA.  

PGMA was grafted onto polypropylene nonwoven fabric through radiation-induced graft 

polymerization 1. Typically, PP nonwoven fabric (2.0 g, 0.025 g/mL) was immersed in 80.0 mL of 

acetone with GMA (8.0 g, 0.1 g/mL) in a 100 mL round-bottomed flask. The contents were then 

purged with argon for about 30 min to eliminate oxygen. Then the flask was placed in an insulated 

room with a 60Co source at a dose rate of 15 Gy/min, which was determined precisely by Fricke 

dosimeter. After the graft polymerization, the fabric was washed three times with acetone (500 mL) 

to remove the homopolymer and residual monomer. Finally, the nonwoven fabric was dried at 40 oC 

in vacuum oven to a constant weight. 

The degree of grafting (Dg) of PGMA was calculated according to the increase of the weight of 

fabric after graft polymerization, as described in Equation (1): 

Dg (%) = (Wg-W0)/W0 × 100           (1) 

where W0 and Wg (g) represent the weights of nonwoven fabric before and after the graft 

polymerization, respectively. 

Meanwhile, the effects of radiation dose and monomer concentration on the graft degree were 

investigated (Table S1): Dg increases with monomer concentration, and reaches the maximum value 

when radiation dose is 40 KGy. 
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3. Sorption kinetics.  

Pseudo-first-order equation represents the relationship between sorption amount qt and time t 2: 
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where qe and qt (mg/g) are the sorption capacity of uranium at equilibrium time and time t (h), 

respectively, and k1 (h−1) represents the pseudo first order kinetic constant. k1 and qe can be 

calculated from the slope and intercept of the plot of log (qe-qt) versus t, respectively (Figure S2A, 

Supporting Information). 

Pseudo-second-order model 3, 4 is expressed as the following Equation (3): 
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where k2 (g/mg/h) represents the rate constant of the pseudo-second order model, and can be 

determined from the plot of t/qt against t (Figure S2B, Supporting Information). 

Elovich kinetic model can be expressed as (4): 
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where α is the initial adsorption rate in mg/(g min), and β (g/mg) is the desorption constant related to 

the extent of the surface coverage and activation energy for chemisorptions. Both kinetic constants (α 

and β) can be estimated from the slope and intercept from the plot of qt versus ln t7 (Figure S3A, 

Supporting Information).  

The intra-particle diffusion model8 is used to acquire information needed to assess the 

suitability, effectiveness of the adsorption process and identify the possible rate controlling step. The 

intra-particle diffusion model can be described the following Equation (5): 

𝑞𝑡 = 𝐾𝑖𝑑𝑡
1

2 + C           (5) 

where C is the intercept related to the thickness of the boundary layer and Kid is the rate constant of 

intra-particle diffusion (mg/g/ min1/2), which can be fitted with the experimental data presented 

in the plot of qt versus t1/2(Figure S3B, Supporting Information). 

4. Sorption isotherms. 

Langmuir model represents monolayer sorption based on the hypothesis that all the sorption sites 
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have equal affinity and that desorption at one site doesn’t influence an adjacent site 5, which can be 

described as Equation (6): 
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where b (L/mg) is the Langmuir constant, which is related to the affinity of binding sites, and qmax 

(mg/g) is the maximum sorption capacity. They can be calculated from the linear plot of Ce/qe 

against Ce (Figure S4A, Supporting Information). 

The Freundlich model can be applied for multilayer sorption and the sorption on heterogeneous 

surfaces 6, which can be described as Equation (7):  

eFe log
n

1
loglog CKq            (7) 

where KF (mol1-nLn/g) and n are the Freundlich constants related to sorption capacity and sorption 

intensity, respectively, which can be calculated from the linear plot of log qe versus log Ce (Figure 

S4B, Supporting Information). 

The Temkin isotherm model7 contains a factor that explicitly takes into account adsorbing 

species-adsorbate interactions. This model assumes the following facts: (i) the heat of adsorption of 

all the molecules in the layer decreases linearly with coverage due to adsorbent–adsorbate 

interactions, and then (ii) the adsorption is characterized by a uniform distribution of binding 

energies, up to a maximum binding energy. The derivation of the Temkin isotherm assumes that the 

fall in the heat of sorption is linear rather than logarithmic, as implied in the Freundlich equation. 

The Temkin isotherm has commonly been applied in the following form (8): 

qe = B ln (ACe)          (8) 

where A and B are Temkin isotherm constants, which can be fitted with the experimental data 

presented in the plot of qe versus ln Ce (Figure S5, Supporting Information). 
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Table S1. The influences of radiation dose and monomer concentration on graft degree. 

Entry Irradiation dose (kGy) PP fiber (g) GMA (g) Acetone (mL) Dg (%) 

1 20 2.00 8.00 80.0 210 

2 40 2.00 8.00 80.0 257 

3 60 2.00 8.00 80.0 239 

4 80 2.00 8.00 80.0 208 

5 40 2.00 2.00 80.0 51.0 

6 40 2.00 4.00 80.0 117 

7 40 2.00 6.00 80.0 182 

 

 

 

 

Table S2. Kinetic parameters for uranium sorption by PP-g-AO1, PP-g-AO2, and PP-g-AO3. 

(Experimental condition: 0.25 g/L sorbent dose, 100 mL solution, 2×10-5 mol/L uranium, pH 8.0, 

and 298.15 K) 

Sorbent 
Elovich  Intra-particle diffusion plot 

α β R2 Kid (mg/g/h1/2)  C R2 

PP-g-AO1 0.086 1.59 0.91 1.86 5.322 0.58 

PP-g-AO2 0.0072 1.47 0.83 1.86 6.927 0.46 

PP-g-AO3 0.00092 1.78 0.69 2.23 9.326 0.39 
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Figure S1. FT-IR spectra of PP-g-AO3 (a) before, and (b) after treated with 0.44 mol/L KOH, 

respectively. (The stretching vibrations of C-O-C (1255 cm-1) and C=O (1724 cm-1) indicate that 

the ester groups in PP-g-AO could remain stable after the treatment with 0.44 mol/L KOH for 1 h 

at room temperature.) 

  

 

 

Figure S2. Effects of sorbent dose on the sorption of uranium by PP-g-AO3. (Experimental 

condition: 100 mL solution, 2×10-5 mol/L uranium, pH 8.0, and 298.15 K; 0.25 g/L of sorbent dose 

was selected as the optimum value from the economical point of view.) 
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Figure S3. (A) Pseudo-first order kinetics and (B) Pseudo-second order kinetics of uranium by 

PP-g-AO1, PP-g-AO2, PP-g-AO3, respectively. (Experimental condition: 0.25 g/L sorbent dose, 100 

mL solution, 2×10-5 mol/L uranium, pH 8.0, and 298.15 K.) 

 

 

 

 

Figure S4. (A) Elovich order kinetics and (B) Intra-particle order kinetics of uranium by PP-g-AO1, 

PP-g-AO2, and PP-g-AO3, respectively. (Experimental condition: 0.25 g/L sorbent dose, 100 mL 

solution, 2×10-5 mol/L uranium, pH 8.0, and 298.15 K.) 
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Figure S5. (A) Langmuir sorption isotherm plots and (B) Freundlich sorption isotherm plots for the 

sorption of uranium onto (a) PP-g-AO1, (b) PP-g-AO2, and (c) PP-g-AO3, respectively. 

(Experimental condition: 0.25 g/L sorbent dose, 100 mL solution, pH 8.0, and 298.15 K) 

 

 

 

 

 

 

 

Figure S6. Temkin sorption isotherm plots for the sorption of uranium onto (a) PP-g-AO1, (b) 

PP-g-AO2, and (c) PP-g-AO3, respectively. (Experimental condition: 0.25 g/L sorbent dose, 100 mL 

solution, pH 8.0, and 298.15 K) 
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Figure S7. FE-SEM images of PP-g-AO3 (A) before (B) after extraction in simulated seawater.  

Scale bar: 100.0 µm. 

 

 

 

 

 

Figure S8. FE-SEM images of PP-g-AO3 (A) before and (B) after antibacterial experiments. Scale 

bar: 100.0 µm. 
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