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Section S1. Characterizations and devices
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]For the examination of the pellet cross section morphology, the field emission scanning electron microscopy (FESEM) technique was utilized by the JSM-7500F instrument from JEOL, Japan. Additionally, energy dispersive spectroscopy (EDS) was employed to analyze the elemental composition. The X-ray diffraction patterns (XRD) of the samples were analyzed in the range of 5-90° using X-ray diffractometry (Panalytical, Netherlands) with CuKα radiation at 40 kV and 30 mA. Fourier transform infrared (FTIR) spectrometer (Nicolet 6700, Thermo Fisher, USA) was collected in the range of 400-4000 cm-1 with the KBr pressed-disk method. X-ray photoelectron spectroscopy (XPS, Kratos, UK) was measured using Axis-Ultra X-ray photoelectron spectrometer (Axis-Ultra,) with Al Kα line to analyze the chemical states of elements. An auto specific surface area analyzer (ASAP 2460, Micromeritics, USA) was used for BET analysis.
[bookmark: _Hlk174481643][bookmark: _Hlk174303028]The dynamic sorption experiments were carried out using a homemade laboratory device, the schematic of which is shown in Fig. S1. The recirculation device is designed independently and Hire Yiwu Changyi Machinery Equipment Co., Ltd to process the components, the drawing and object of recirculation device shown in Figs. S2.
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Fig. S1. dynamic sorption device.
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[bookmark: _Hlk165106451]Fig. S2. (Top) The design and (bottom) object drawings of the recirculation device.
[bookmark: _Hlk174613621]
Section S2. TG analysis

[image: ]
Fig. S3. TG analysis of p-NZP-P.













[bookmark: _Hlk161991917]Section S3. Sorption Kinetics
The pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetics were chosen to fit the U(VI) sorption using the following equations S1-S3.

                             (S1)

                             (S2)

                                (S3)
where qe and qt (mg·g-1) were the sorption capacity of sorbent at sorption equilibrium and t (min), respectively. k1 (min-1), k2(mg·g-1·min-1), and k3 (mg·g-1·min-1) were separately the sorption rate constants of pseudo-first-order kinetics, pseudo-second-order kinetics, and intraparticle diffusion kinetics models. The kinetics parameters were plotted and listed in Table S1.
Table S1. Kinetic parameters for the U(VI) sorption by p-NZP-P.
	[bookmark: _Hlk155193903]Pseudo-first-order kinetics model
	Pseudo-second-order kinetics model
	Intraparticle diffusion model

	qe1 (mg·g-1)
	k1 (min-1)
	R2
	qe2 (mg·g-1)
	k2 (mg·g-1·min-1)
	R2
	k3 (mg·g-1·min-1)
	R2

	171.36
	0.0061
	0.8295
	98.814
	0.0023
	0.8519
	2.3536
	0.9176





[bookmark: _Hlk174609426][bookmark: _Hlk127625677]Section S4. Sorption Isotherms
[bookmark: _Hlk174721335]The sorption data had also been evaluated by the Langmuir and Freundlich isotherms, the equations are shown as S4-S5, respectively, the parameters was shown in Table. S2.

                               (S4)

                            (S5)
where qe the adsorbed value of U(Ⅵ) at equilibrium concentration (mg·g-1), qm (mg·g-1) is the theoretical maximum sorption capacity calculated from Langmuir isotherm. The KL (L·mg-1) is the Langmuir binding constant which is related to the energy of sorption. The KF (mg·g-1(L·mg)1/n), and nF are the Freundlich constants related to the sorption capacity and intensity, respectively. 
[bookmark: _Hlk126316284][bookmark: OLE_LINK35]Table S2. Parameters of the isotherm models for the U(VI) sorption by p-NZP-P.
	
	
	[bookmark: _Hlk155258381]Langmuir isotherm
	Freundlich isotherm

	
	T
	qm
 (mg·g-1)
	KL
 (L·mg-1)
	R2
	nF-1
	KF
(mg·g-1)(L/mg)n
	R2

	
	[bookmark: OLE_LINK2]288℃
	145.13
	0.187
	0.9953
	0.317
	113.4
	0.9943

	
	298℃
	199.78
	0.219
	0.9987
	0.368
	135.8
	0.9925

	
	308℃
	246.84
	0.288
	0.9999
	0.341
	167.5
	0.9998





[bookmark: _Hlk174780591][bookmark: _Hlk150277572]Section S5. Sorption Thermodynamics
[bookmark: OLE_LINK9]Sorption thermodynamic parameters including enthalpy (ΔHθ), entropy (ΔSθ) and the Gibbs free energy (ΔGθ) were determined by the following formulas.

                             (S6)

                        (S7)
where Kd (mL·g-1) was the Thermodynamic parameters, product of qm and kL calculated by Langmuir isothermal adsorption model; ΔHθ (kJ·mol-1), ΔSθ (J·mol-1·K-1) and ΔGθ (kJ·mol-1) were the changes of enthalpy, entropy and Gibbs free energy, respectively. T was the absolute temperature (K), R was the gas constant (8.314 J⋅mol-1⋅K-1). ΔHθ and ΔSθ values obtained via the slope and intercept of the linearized plot of lnKd and T-1 (Table S3).
Table S3. Thermodynamic parameters for the U(VI) sorption by p-NZP-P.
	T (K)
	ΔH (kJ·mol-1)
	ΔS (J·mol-1·K-1)
	ΔG (kJ·mol-1)

	288
	
	
	-21.83

	298
	35.53
	150.69
	-30.07

	308
	
	
	-37.16


As can be seen, the positive ΔHθ and ΔSθ indicated that the sorption of U(Ⅵ) by p-NZP-P was an endothermic and randomness increasing process. Moreover, the values of ΔGθ were negative and decreased with an increase of the temperature, demonstrating that the sorption process was spontaneous and favorable at higher temperatures.

Section S6. ZETA potential
The zeta potential of the p-NZP-P is shown in Fig. S4, and the zero-potential point of the sphere is approximately at pH ~3.16. The surface of the p-NZP-P is positively charged when pH is 2.5~3.16, and negatively charged when pH is 3.16~6.5.
[image: ]
Fig. S4. Zeta potentials of p-NZP-P











Section S7. Thomas model
[bookmark: _Hlk164930214]Table S4. Thomas parameters for the U(VI) sorption by p-NZP-P
	Conditions
	Variate
	KTh
[bookmark: OLE_LINK1](mL·min-1·mg-1)
	q0
(mg·g-1)
	R2

	[U(Ⅵ)]initial = 20 mg·L-1
flow rate = 0.5 mL·min-1
pHinitial = 4.5
	mass
(g)
	0.5
	2.754
	1.14
	0.895

	
	
	1
	2.267
	0.87
	0.980

	
	
	2
	2.136
	0.53
	0.973

	[U(Ⅵ)]initial = 20 mg·L-1
quality = 1 g
pHinitial = 4.5
	flow rate
(mL·min-1)
	0.5
	2.267
	0.87
	0.980

	
	
	1
	2.745
	1.27
	0.934

	
	
	2
	3.109
	2.55
	0.947

	flow rate = 0.5 mL·min-1
quality = 1 g
pHinitial = 4.5
	[U(Ⅵ)]initial
(mg·L-1)
	20
	2.267
	0.87
	0.980

	
	
	30
	2.559
	0.89
	0.956

	
	
	50
	2.751
	1.22
	0.924

	[U(Ⅵ)]initial = 20 mg·L-1
flow rate = 0.5 mL·min-1
quality = 1 g
	pHinitial
	3.5
	2.326
	0.72
	0.919

	
	
	4.5
	2.267
	0.87
	0.980

	
	
	5.5
	2.818
	0.64
	0.917











[bookmark: _Hlk174916584]Section S8. Radioactive rare earth wastewater treatment and effects of coexisting ions

[image: ]
Fig. S5. The U(VI) concentration of radioactive rare earth wastewater before and after sorption in recirculation device (m = 2 g, flow rate = ~3 L/h, V = 500 mL, initial concentration of U = ~1.42 μg·L-1，Th = ~126.43 μg·L-1, Pb = ~0.84 μg·L-1).

[bookmark: _Hlk174612606][image: ]
Fig. S6. Effects of Co-existing ions on U(VI) sorption by p-NZP-P (C0 = 100 mg·L-1 for all cations, m = 30 mg, pH = 4.5, t = 1100 min, T = 25℃, and V= 25 mL).
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