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1. Instruments
A scanning electron microscope (SEM, JEOL, Japan) was used to observe the surface morphology of the aerogel. The automatic specific surface area and porosity analyzer (BET, ASAP 2460, USA) is used to analyze the specific surface area (SBET) of aerogels. The samples are tested by Fourier transform infrared spectrophotometer (FT-IR, IS50, USA). Under N2 atmosphere, thermogravimetric analysis of the aerogel was performed using a thermogravimetric analyzer (Q600-TGA/DSC, USA). The residual concentration of Gd3+ was measured by inductively coupled plasma atomic emission spectrometer (ICP-OES, Vista-AX, USA) at a wavelength of 379.478nm.
2. Adsorption experiment
[bookmark: _Hlk51771240]Effect of pH on adsorption: Gd(NO3)3 was used to prepare a stock solution with Gd3+ concentration of 50 mg L-1. At room temperature, 10 mg of adsorbents were immersed in Gd3+ stock solution (10 mL) with different pH (2.0 to 7.0) for 24 hours. The pH value was adjusted by 0.1 M NaOH and 0.1 M HCl. After adsorption was completed, the mixture was centrifuged (10000 r min-1, 15 min) and the absorbents were removed using a 0.22 μm filter. The residual concentration of Gd3+ in the mixed solution was measured by the ICP-OES. The adsorption capacities Qt (mg g-1) were calculated by the following formula(Fan et al., 2022):
                                                   (1)
Where C0 and Ct (mg L-1) are initial concentration and the residual concentration of Gd3+ in mixed solution, respectively. V (L) is the volume of Gd3+ stock solution, and m (g) is the mass of aerogel.
Adsorption dynamics: At room temperature, 10 mg of adsorbents separately immersed in Gd3+ stock solution (10 mL, 50 mg L-1, pH=4.0), separately. The residual concentrations of Gd3+ in mixed solution were determined at different contact times (0 minutes to 24 hours). We used the pseudo-ﬁrst-order kinetic model (PFOKM, equations (2)), pseudo-second-order kinetic model (PSOKM, equations (3)) respectively to fit the adsorption kinetic data, and then analyzed the adsorption mechanism(Bar et al., 2020):
                         (2)
                         (3)
Where, Qt (mg g-1) and Qe (mg g-1) are the adsorption amount of aerogels at time t and equilibrium, respectively. k1 (min-1), k2 (g mg-1 min-1) represent the rate constants of PFOKM, PSOKM, respectively. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK14][bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Adsorption isotherms: At room temperature, 10 mg of adsorbents were immersed in the Gd3+ stock solutions (10 mL, pH=4.0) with different initial concentrations (0, 25, 50, 100, 150 and 200 mg L-1). The residual concentrations of Gd3+ in the solution were determined after 24 hours. Langmuir (Eq. (4)) and Freundlich (Eq. (5)) models were used to fit the experimental equilibrium data:
                                       （4）
                                                (5)
[bookmark: OLE_LINK366][bookmark: OLE_LINK771][bookmark: OLE_LINK772]Ce (mg L-1) is the concentration of Gd3+ in solution at equilibrium, Qm (mg g-1) is the maximum adsorption capacity of aerogels for Gd3+. KL (L mg-1) is the Langmuir parameter denoted the energy of adsorption and affinity of binding sites. KF (mg g-1) is the Freundlich sorbent adsorption strength, while 1/n is the heterogeneity factors.
[bookmark: OLE_LINK1][bookmark: OLE_LINK369][bookmark: OLE_LINK370][bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK330][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Adsorption thermodynamics: 10 mg of adsorbents were immersed in Gd3+ stock solution (10 mL, pH=4.0) with different initial concentrations (25, 50 and 100 mg L-1). Adsorption tests were carried out at 298.15 K, 308.15 K and 318.15 K, respectively. The residual Gd3+ concentrations in the solution was determined after 24 hours. The values of Gibbs energy (∆G°) are calculated by equation Eq. (6)(Chowdhury et al., 2021):
                                            (6)
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Where thermodynamic equilibrium constant K° is calculated by plotting the function of ln(Cs/Ce) versus Cs. Wherein, Cs (mmol g-1) is the adsorption amount per gram of aerogels, and Ce is the concentration of Gd3+ in the mixed solution at adsorption equilibrium. R (8.314 J mol-1 K-1) is the universal gas constant, and T is the given temperature. Eventually, entropy (∆S°) and the enthalpy (∆H°) values are obtained from van’t Hoff equation Eq. (7):
                                              (7)
Reusability tests: After the adsorption process was over, the adsorbents were eluted, and the adsorbents were soaked in a 10% glacial acetic acid solution for 24 hours to remove the adsorbed Gd3+. Then at room temperature, these adsorbents (10 mg) were re-injected into the Gd3+ stock solution (10 mL, pH=4.0) for 24 hours, and the remaining concentration of Gd3+ in the solution was measured. The whole adsorption-desorption experiment was repeated 5 times. The reusability of the aerogels was verified by the changes of five adsorption capacities of the aerogels.
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