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1 Adsorption Experiments
All adsorption experiments were carried out by adding a certain amount of aerogel materials (10mg) into a series of centrifuge tubes containing 10ml of raw liquid. The tubes were then sealed and placed in a water bath shaker to oscillate for a period of time at 100 revolutions per minute. At the end of each adsorption test, the solution was filtered through a 0.45um polypropylene syringe filter and centrifuged at 10000 RPM for 15 min to completely separate the aerogel material. The residual concentrations of Er(Ⅲ)、Dy(Ⅲ)、Ho(Ⅲ) were determined by ICP-OES at 353.17 nm, 282.20 nm, 342.24 nm, 401.22 nm and 417.94 nm, respectively. Adsorption capacity Qt (mg g-1) is calculated according to the following formula:
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Where C0 and Ce (mg L-1) are initial and residual concentration of ion concentration in solution, respectively. V (L) denotes the volume of stock solutions while m (g) stands for the mass of adsorbent. 

1.1 Effect of pH
10 mg of aerogel materials were immersed in Er(Ⅲ) stock solution (10 mL) with different pH (2.0 to 7.0) for 24 h. pH value was adjusted by 0.1 M of NaOH and HCl. In order to prevent the format on of rare earth hydroxide, experiments were not carried out under alkaline conditions.
1.2 Adsorption kinetics
10 mg of aerogel materials separately immersed in Er(Ⅲ) stock solution (10 mL, pH=5.0), separately. The adsorption process was carried out under different contact time (from 5 min to 24 h).

1.3 Adsorption isotherms
10 mg of aerogel materials were immersed in the Er(Ⅲ) stock solutions (10 mL, pH=5.0) with different initial concentrations (10, 25, 50, 100, 150 and 200 mg L-1).

1.4 Effect of temperature
10 mg of aerogel materials were immersed in Er(Ⅲ) stock solution (10 mL, pH=5.0). Adsorption tests were carried out at 298.15 K (limited by ambient temperature), 308.15 K, 318.15 K. 

1.5 Selective tests
10 mg of aerogel materials were immersed in a coexisting system (Er(Ⅲ), Dy(Ⅲ), Ho(Ⅲ)). The initial concentration of each cation was 50 mg L-1.

1.6 Reusability tests
After each adsorption, aerogel materials were separated from the solution and immersed in the eluent (10% glacial acetic acid solution) to remove the adsorbed Er(Ⅲ). Subsequently, these aerogel materials were re-applied into adsorption experiments. The entire adsorption-desorption experiments were repeated five times.

2 Mathematical models and equation
2.1 Adsorption kinetics
The pseudo-ﬁrst-order kinetic model (PFOKM) and pseudo-second-order kinetic model (PSOKM) were used to fit the kinetics data and explore adsorption rate constants and adsorption mechanisms.
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In the formula, Qt (mg g-1) and Qe (mg g-1) are adsorption quantities at time t and equilibrium respectively. k1 (min-1) and k2 (g mg-1 min-1)) respectively represent the rate constants of PFOKM and PSOKM. Initial adsorption rate of PSOKM h (g mg-1 min-1) [Eq. (4)] and half-equilibrium time t1/2 (min) [Eq. (5)]:
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2.2 Adsorption isotherms
Langmuir and Freundlich models were used to fit the experimental equilibrium data. The nonlinear equations are expressed as follows [Eq. (6), (7)]:
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Where Ce (mg L-1) is the concentration of solution at equilibrium, Qm (mg g-1) represents the maximum adsorption capacity of Er(Ⅲ). 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 when the value is less than 1.0, adsorption condition is more favorable. 

2.3 Effect of temperature
The values of Gibbs energy (∆G°) are calculated by Gibb's free energy change equation:
	∆𝐺°=−R𝑇ln𝐾°
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Where thermodynamic equilibrium constant K° is calculated by plotting the function of ln (Cs/Ce) versus Cs. Wherein, Cs is the amount of Er(Ⅲ) adsorbed per gram of adsorbents (mmol g-1), and Ce is the concentration of Er(Ⅲ) when adsorption reaches equilibrium (mmol mL-1). 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:
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2.4 Selective tests
The distribution coefficient Kd (mL g-1), selectivity coefficient k and relative selectivity coefficient k' are employed as an assessment index to quantitatively evaluate the selectivity of aerogel materials. Relationships are listed as follows [Eq. (10), (11), (12)]: 
	
	(10)

	
	(11)

	
	(12)


Where, C0 and Cf are initial and residual concentration of each cation, respectively. The C0 of each cation is 50 (mg L-1).




