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Supplementary Figure 1. PXRD data of SCU-CPN-1.
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Supplementary Figure 2. FT-IR spectrum of SCU-CPN-1.
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Supplementary Figure 3. TGA curves of SCU-CPN-1.
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Supplementary Figure 4. SEM-EDS images of (a) SCU-CPN-1-Cl and (b) SCU-CPN-
1-Re.
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Supplementary Figure 5. EDS mapping of SCU-CPN-1-Br and SCU-CPN-1-NOs.
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Supplementary Figure 6. Sorption Kinetics of Purolite A530E-ground and SCU-

CPN-1. (a) The concentration of CI" and ReOs during the ion-exchange process

(solid/liquid ratio of 1 g I'* and 28 ppm of ReQy). (b) Sorption kinetics of Purolite A530E

and Purolite A530E-ground under the condition of solid/liquid ratio of 1 g I'* and 28 ppm

of ReOy4". (c) Sorption kinetics of SCU-CPN-1 and Purolite A530E-ground under the

condition of solid/liquid ratio of 0.05 g I"* and 14 ppm of ReO4". Error bars represent S.
D., n = 3 independent experiments.



Supplementary Figure 7. SEM and TEM image of the materials. SEM and TEM
image of (a) SCU-CPN-1-Re and SCU-CPN-1 after being irradiated by 1000 kGy of (b)
B-rays or (c) y-rays. Scale bar = 1 um.
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Supplementary Figure 8. TEM image and FT-IR spectra of SCU-CPN-1 and SCU-
CPN-3M HNO:s. (a) TEM image and (b) FT-IR spectra of SCU-CPN-1 and SCU-CPN -
3M HNO3 (SCU-CPN-1 materials after being immersed in 3 M HNO3 solution for 12 h).

Scale bar = 1 um.



Supplementary Figure 9. SEM image of Purolite A530E-ground. Scale bar = 100 um.
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Supplementary Figure 10. The model for describing the local structure of SCU-CPN-1.
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Supplementary Table 1. Comparison of equilibrium time and rate constant of SCU-
CPN-1 with other materials.

Sorbents Experimental conditions EqU|_I|br|um REllE Ref.
time constant
— 1. — 7. 1.
SBN [Re]o = 28 mg I_ L PH=T; 05glY 10 min _ 1
stirring
PAF-1-F Molar ratio ReO4: PAF-1-F = 1:2 250 min - 2
— 1. - 7. 1.
SCU-100 [Relo=28mg I"; pH =7, 1g 1%, 30 min - 4
stirring
Acidosasa edulis _ Sy 1. _ -3
shootshell bio- 1 - 220 KiPH=1i 30T Rl =20 550 mip 8340°g g
char mg mg* min
D, [Re]o = 2000 mg I'Y; V =5 ml; Msorbent . 1.8x102 min-
PS-g-4VP-IE - 0.1g; T = 298 K 30 min 1 6
PP-g-2-VP [Relo=320mg It pH =22 30 min 3.81x103s? 7
pH=4.0 +£0.1; 0.1mg I'; [Re]o = 1.2x10%¢g
210.@rc0o 10.00 mg I; T = 293 K Sh mgh 8
rGOs 0.1gl?; [Re]o=20.0mg IY; pH=3.0 10 min - 9
-3 -1
NZVI 0.1g I [Re]o = 20.0 mg I:: pH = 3.0 90 min 30.9me” g
-2
NZVI/rGOs 0.1gI":; [Re]o=20.0 mg I'Y; pH = 3.0 50 min fng’flngm% 9
B ; Msorbent = 10.0 mg; [Re]o = 7.2 mg/50.0 5 ol
4-ATR resin ml: pH = 2.6: 100 rpm 8h 8.2x10~s 10
. [Re]o = 200 mg I, V = 15 ml; Msorpent . 1.65x107?
R2504 resin =0.02 g; pH = 6.25; room temperature 60 min mint 1
. Msorbent = 50.0 mg; [Re]o = 320 mg I; . 4
D318 Resin T =298 K: V = 50.0 ml 115 min 6.37x10"s 12
— 1. - 7. 1. -3
Purolite A532E [ReJo=28mg I, pH=7,1g1% 150 min 4601079 5
stirring mg-min
6.75%103 g
_ 1. — 7. 1.
Purolite A530E [ReJo=28mg I, pH=7;1g1% 150 min . 13
stirring mg-min
UiO-66-NHs* molar ratio ReO4/ UiO-66-NH3z* = 1:2 >24 h - 14
— 1. - 7. 1.
SCU-101 [Reo=28mg I pH =7, 1 g I 10 min - 15
stirring
_ 1. — 7. 1. H
SCU-CPN-1 [Re]o =28 mg _I ; pH=7;1gl% 30s _ This
stirring work
Purolite A530E- [Relo=14 mg It pH =7;0.05g I; 140 min 6.46x10* g This
ground stirring mg ™ mint work
- 1. - 7. 1. ) H
SCU-CPN-1 [Relo=14 mg | SPH=T 0.05g I 10 min 2011><10 1g This
stirring mg! min work
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Supplementary Table 2. Fitting results based
Pseudo-second-order kinetic models.

on the Pseudo-first-order kinetic and

Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

Material
ge(Mgg?)  ki(min™) R? ge(mgg?)  ka(ggtmin?) R?
SCU-CPN-1 23.79 9103 0.78 384.61 2.01x1072 >0.99
AB30E-ground ~ 112.04  1.37x10? 0.87 367.65 6.46>10* >0.99
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Supplementary Table 3. Comparison of the distribution coefficient (Kq) by

cationic materials.

Cationic materials Kg (ml gt) Ref.
Mg-Al-LDH 262 1
NDTB-1 652 1
Y2(OH)sClI 112 1
Yb3O(OH)sCl 120 1
PAF-1-F 2.55x10* 2
SCU-6 3.0x10° 3
SCU-7 63 3
SCU-100 3.3x10° 4
SCU-CPN-1 6.2x10° This work
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Supplementary Table 4. Fitting results based on the Langmuir and Freundlich models.

Langmuir Freundlich
Sample
gm(mg g?) KL (I mg?) R? ke (L" mol*™ g) n R?
SCU-CPN-1 876 0.134 >0.99 554013 169 0.79
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Supplementary Table 5. Sorption isotherm of SCU-CPN-1 with excess of ReOy .

Material Co(Re) (ppm) Sorption Capacity (mg ReO4/g sorbent)
2000 948120
SCU-CPN-1
4000 999+20
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Supplementary Table 6. Comparison of the maximum ReQOs sorption capacities of
SCU-CPN-1 with other cationic materials.

. .\ Capacity
Catego Sorbents Experimental conditions Ref.
o *P (mgg')
Nano SiO» T=298 K; pH=2 4.94 16
Biochar T=298K;12h;3gl? 46.5 7
Inorganic vy 5(OH)Cl  Ambient temperature; pH=7.040.1; 0.5 g I 48.6 1
materials
NDTB-1 Ambient temperature; pH=7.040.1; 0.5 g I 49.4 1
LDHs Ambient temperature; pH=7.040.1; 0.5 g I 130.2 1
Zr0,@rGO T=303 K; 24 h 43.55 8
Composites ~ NZVI/rGOs 0.1 g I*; pH=5 85.77 9
GO-DEA- . 1.
DIBA 303K;2gl?t;48h 140.82 17
PP-g-2-VP pH=2.2; appropriate temperature 113 7
PS-g-4VP-IE Ambient temperature; 2 h 252 6
D318 resin T=298 K; pH=5.2;1 g I?* 351 12
Resins 4-ATR resin T=298 K; 8 h; pH 2.6; 10 h 354 10
R2SO4resin - Ambient temperature; 1.3 g I'Y; pH=6.25; 4 h 462 11
Purolite Ambient temperature;
AS532E pH=7.040.1;0.5¢g I 446 13
Purolite Ambient temperature;
AS30F oH=7.040.1: 0.5 g I 706 13
UiO-66-NHs* 24 h 159 14
SCU-101 Ambient temperature; pH=7.020.1; 1 g I 217 15
MOFs SCU-100 Ambient temperature; pH=7.040.1; 1 g I* 541 4
SLUG-21 Ambient temperature; 48 h; 1.6 g I* 602 18
SBN Ambient temperature; pH=7.040.1; 0.5 g I 786 1
PAF-1-F Molar ratio ReO4: PAF-1-F =1:2; 24 h 420 2
CPNs This
SCU-CPN-1 Ambient temperature; pH=7.020.1; 1 g I 999 work
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Supplementary Table 7. Composition of Hanford Low Activity Waste (LAW) Melter

Recycle Stream.

Anions Concentration (mol I') Anion:TcO4 molar ratio
TcOy 1.94x10* 1.0
NOs 6.07x102 314
CI 6.39102 330
NO2 1.69x10* 873
SO4* 6.64x10° 0.0343
COs* 4.30%10° 0.222
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Supplementary Table 8. Results of ReOs sorption by SCU-CPN-1 from simulated
Hanford waste.

Simulated wastes  Anions Solid-to-liquid ratio (g I'%) Anion removal percentage (%)
ReO4 11 52.0£5
Hanford waste ReOs 5:1 83.7+5
TcOs 5:1 89.5+5
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Supplementary Table 9. Results of ReO4 desorption from sorbed SCU-CPN-1 at
different temperature.

Desorption Concentration of desorption solutions of )
Desorption percentage (%)
temperature NaCl (mol I'%)
1 64.59
25 T 15 71.86
2 74.49
0.1 46.48
1 87.82
60 €
2 93.68
4 94.90
0.1 53.61
1 97.85
80 €
2 98.07
4 98.08
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Supplementary Table 10. EXAFS results of Re (VII) adsorption by SCU-CPN-1at Re
Li-edge, T=298 K. C.N. means coordination number of the neighbors, R is the bond
distance, and o2 is the Debye-Waller factor.

Sample shell C.N. R(A) 0% (A?)

SCU-CPN-1-Re Re=0 4.1 1.73 0.024
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