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Abstract [Background] The separation, removal and recovery of U(VI) from water is of great significance to the

sustainable development of nuclear energy. [Purpose] This study aims to prepare a composite material ZIF-8 loaded
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by citric acid-coated nano-zero-valent iron (nZVI@CA/ZIF-8), and investigate its adsorption behavior and
mechanism for U(VI). [Methods] nZVI@CA/ZIF-8 was chemically synthesized and its adsorption properties for
U(VI]) were analysised by various characterization methods. The effect of time, initial pH, uranium concentration,
temperature and ionic strength on Batch U(VI) adsorption were investigated from the aspects of adsorption kinetics,
isotherms and thermodynamics. X-ray diffraction spectra (XRD), scanning electron microscopy - energy dispersive
spectroscopy (SEM/EDS), X-ray photoelectron spectroscopy (XPS) and Fourier transform infrared spectra (FTIR)
were used to characterize and analyse the adsorption behavior and mechanisms. [Results] The results show that the
equilibrium adsorption capacity of uranium is about 115.0 mg - g' when the initial uranium concentration is
50.00 mg-L™" at pH 4.0 and 25 °C. The U(VI) adsorption amount of nZVI@CA/ZIF-8 increases with the increase of
initial pH, initial U(VI) concentration and temperature, and maintains good U(VI) adsorption performances even at
high Na“ ionic concentration (0.5 mol-L"). The equilibrium adsorption capacity of uranium is about (110.0+
5.0) mg'L" when the initial uranium concentration is 50.00 mg-L" at pH 4.0 and 25 °C. The adsorption is a
spontaneous endothermic monolayer chemical process, which can be deduced by the pseudo-second-order kinetic and
Freundlich models. Brunauer Emmett teller (BET) measurement suggests that nZVI@CA/ZIF-8 displays a porous
structure and a large specific surface area (1 271 m?+g™). Results of XRD and SEM-EDS demonstrate that the crystal
structure and microscopic morphology of ZIF-8 and nZVI are present in the composite. Test results of XPS and FTIR
verify that U(VI) can be reduced to U(IV) by nZVI particles exists the nZVI particles could reduce on the surface of
composite in the form of UO,. Moreover, nZVI@CA/ZIF-8 can also adsorb U(VI) from the solution by forming Zn-

0O-U coordination bonds. [Conclusions] This study can provide technical and theoretical references for the synthesis

of metal-organic framework composites and the study of its U(VI) removal from radioactive wastewater.
Key words nZVI@CA/ZIF-8, U(VI), Adsorption, Characterization, Mechanisms
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2 nZVI@CA/ZIF-8 W U(VIYAT & B e B ([U(VD)],,=350.0 mg- L', pH=4.0,S/L=0.4, =3 h, T=25 °C)
Fig.2 SEM images of nZVI@CA/ZIF-8 before and after U(VI) adsorption
([U(VD)],,14,=350.0 mg- L', pH=4.0, S/L=0.4, =3 h, T=25 °C)
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JG % Element nZVI@CA/ZIF-8  nZVI@CA/ZIF-8-U
C 62.14 23.64

N 19.61 225

(¢} 8.63 53.65

Fe 3.75 10.06

Zn 5.86 2.57

U 0 7.84

T AR LI A N [U(VD)],0,=350.0 mg - L' pH=4.0. S/L=0.4. =
3h.T=25°C

Notes: The experimental conditions in this table were [U(VI)], =
350.0 mg-L', pH=4.0, S/L=0.4, t=3 h, T=25 °C
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Fig.3 FTIR spectra of nZVI@CA/ZIF-8 before and after
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8 before and after U(VI) adsorption
([U(VD)],0,=350.0 mg- L', pH=4.0,S/L=0.4, =3 h, T=25 °C)
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Table 2 The BET surface area, pore volume and pore size of nZVI@CA/ZIF-8 before and after U(VI) adsorption

FEdf Samples BET ! BET surface area / m?+ g FL.%¥ Pore volume / cm®- g™ fL4% Pore diameter / nm
nZVI@CA/ZIF-8 1271 0.51 1.59
nZVI@CA/ZIF-8-U 54.81 0.09 6.23

T AR R LIE A N[U(VD)]100=350.0 mg - L~ \pH=4.0.S/L=0.4. 3 h. T=25 °C
Notes: The experimental conditions in this table were [U(VI)],,;;,,=350.0 mg- L', pH=4.0, S/L=0.4, t=3 h, T=25 °C
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T (1 A% i3 BEL 73888 /1N TR R 20 o o BT ] £ 384 o v Rkt
T I A B ) K, A BIR 2 11 2 T R P R

B A4 £ 90 min J5 B HTE T TG . Oy 1 9256 1k
BVE , Ja SR SR 3.0 h A it 1) LA CRAIE R B
BB AT lT. B 6(b) 2| T AIUG pH R AL RLIR B
UCVDYERE 520 , 24 pH /N T 4.0 I, T Bt &l
pH 1) b T 1 38 K, P A W B B 2 5K (110.0+-

040301-5



% AR

2021, 44: 040301

(@) Before U(VI) Adsorption

Zn2p
Fe2p
Ols Nls Cls
After U(VI) Adsorption N1 u4f
s
Zn2p Fe2p Ols
Cls

400 1200 1000 800 600 400 200 0
Binding Energy / eV

(c) Before U(VI) Adsorption

—

-oH Fe-O

After U(VI) Adsorption

Zn-0-U

Fe-
-OH (H,0) s

538 536 534 532 530 528 526
Binding Energy / eV

(b)

400 395 390 385 380 3175
Binding Energy / eV

After U(VI) Adsorption

735 730 725 720 715 710 705 700
Binding Energy / eV

E5 Wk UVDET G nZVI@CA/ZIF-8 [f) XPS 4= (a) fl U4f (b).Ols (c)-Fe2p (d){I¥E 401
([U(VD)],,4,=350.0 mg- L™, pH=4.0,S/L=0.4, =3 h, T=25 °C)
Fig.5 The XPS analysis of nZVI@CA/ZIF-8 before and after U(VI) adsorption: survey scans (a) and high-resolution scan
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Table 3 Kinetic parameters for U(VI) adsorption by
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Fig.6 The effect of contact time (a), initial pH (b), U(VI) concentration (c), temperature (d) and ionic strength (¢) on U(VI)
adsorption by nZVI@CA/ZIF-8 (The control variable method: S/L=0.4, 4 conditions are [U(VI)],,;;,,=50.0 mg-L™", pH=4.0, =3 h, T=
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Fig.7 Fitting curves of the adsorption kinetic models for
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Table 4 Langmuir and Freundlich isothermal model
parameters
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298.15 -6.62
303.15 -8.45
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