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(B )i UM S BInZVIIZ 5o 45 4, RIS 05
—JZEANIIIEZ, NIE 4 TR Z VIR A A
KNG ZER, RSP A20~100 nm"Y, w1 B2,
nZVIEA IR R AL 450, MnZVIRGEES A
S 42102 AT CAB (hnZ VIR A Ak, T [ AT Ju s fE
73 IS SRR R I R, nZ VIR (1 7E
RN KIEAR—IEEREY. FESZPREfE & B, W LLE
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Figure 1 (a) Proposed mechanism for nZVI synthesis by NaBH,
reduction process; SEM (b) and TEM (c) images of nZVI [31] (color
online).
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Figure 2 (a) The core-shell model of nZVI; (b) proposed mechanism
of nZVI by green synthesis method; (c) schematic illustration of nZVI
by the ball-milling method (color online).
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PEF MR #(NaOA) [ X nZ VIR 18 1 13 EInZ V-
PN, SEM G %8, St JanZ VI 3 Bk 15 20 8 5. Ky
nZVI. nZVI-PNZ} i LRAFAE B S8 K HH e i) s st )
J&, fEpH 3.0~11.0J8FH A, nZVI-PN#ICr(VI) R E
ETnZVI 20%LL L.

XInZ VIE I 3847 2 1 oo A Sk ko, B[R0 308,
FEAEFRRITERE A R R &, Zhu s T NGE i
nZVIFER AR b, AR B g &R 2 ILg
F, FAF L5 5 R 5N INITG SE B4 A0 78 A2 M e 1 4%
B b, WOREGE TnZVIRED R, Hif53nZ VI
(s PS5 B IR EE . ZhangZ5 Mg ] 2 —BL(EG) &
MinZVIJE(EG-nZVI), XAf FH AI(OH) &2 %4 EHS 2|
EG-nZVI@AI(OH);. #7855 MnZ VIR EA R RE, K1
JIE 2 R E R Z1°82.540.5 nm, Z R e ATAI(OH),
5 (RIS T RN SR AR B, R 1S55I N E+18.9,
WL R 718K, fHZARHE KRB R4 2
AL EME; fE55240 minff, EG-nZVI@AI(OH), %t H kx
75 YW I R ik 5]99.3%, AHEL TEG-nZVIE H
10%, "B RE 7143 2R EF I T, [FIET AI(OH )% 2 Xt
pHZZ M RE 77 0] LATE MK I 2R 855 R 4 55, i g ol
LT

BnZVIT T M 2 Ear Pt s o sk . Bt
AAbRE S, AT LTEREAM 5] NE e LA R A i
DLRTAOR R R B, BRfE Sk Hor @ %t
nZVIR AT T D m A sl k. fase ke, 1hom
M AR R, RIS, SRS, XA & A
95, ABAESEBRIIEFE A RN G338 5K 1 B A 74
SR, BRI T R M nZ VI AT s, SRS R
HEMABEMSNAZH. SE, FHRAEM S
S0k SRERRAN I SR DL TR R R B
PERE LAY 78 N 3% 50K 23 BRON R T ).



REFR: b 2023 53 % e M

3 nZVEEMERUVD I 5 BR

nZVIF] DU R PR 58 (U (VIIE SRR # M5 58
FIUAV), et FE A E tEREnZ VIS U (V) F W FE L %
U(VDIEAnZVIANZEEE A S A 2 6 Fe(TID), M
T SEBLXTU(VITG i 251, (B SbRigm e, 3
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RUVDA REBRFARRER, 5 H aTCa )2
FED). Ak, B RS AR S HIR T ENZ VIR
UVD IO FEEAT A BT IR T, B BB TR AR T
i ELAR IR S BB A2, AT A T Xt e e g e 2 e B 751
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CiZ"H 9 T ARFEpH FUVD) IR 43 6. ARHEE3b
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pH>8.00f, U(VI)FEZE LI 1 ((UO,);(OH), M
UO,(OH); WA NAFAE,  F ELAaf IR 5 PR 1 I %
R TUVDIW . ok, El3afitzs, ££0.01. 0.14 1
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HnzZVI/E 5 SRS UV R B RN N 2R T
#1700

nZVIEM B L BRUVDF R B 8] 5 5 R R
—sE R AT s R ) U (VI ZEnZ VIA
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MR, nZVIRU(VD &K EBRENIS. 7%,
nZVI@Mg(OH), 2B AE20 min P 1A $98.7%, W
nZVI@Mg(OH), B Bem i e meE e ™.
T2 T nZ VIR B 4 4 R R SR ZVY
CNF)XMUVD I & AT H, BFFE O —Zmth —
B 1 2EAE T AT B A 33— D R AL R B A,
SRR, nZVI/CNFXFU(VIK 2Bt —2:5h 12
(R?=0.9997)>1h— K (R>=0.7013), FINFF&Hh —kraht
SRR (E3) ™. F 2 s o A [ A Al AT R A
BA UV B 2 BRIRTT T B4 H R BB AT A ik
SR AERINZVI (nZVI@KGMO) X4l 1) & 2%
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T JE 02 S W n Z V1S AR B AT S (1) B [
OV EREATR, nZVEEMESTUVD I 2
W5 JE BT IR i o, W B I RE F A Langmuir 5537 28

Table 1 Comparative performance evaluation of various nZVI materials in U(VI) removal

nZ VI pH Temperature (K) Omax (Mg/g) {EFIHLE 22 3CHik
nZV1/Zn-MOF-74 3.0 298 348.0 I AN LA (1]
LDH@nZVI 5.0 298 176.0 RIS e [23]
DI-SNZVI 5.0 298 427.9 WIEE A [69]
MS@S-NZVI 5.0 298 180.0 MM A B JF R B AEH [70]
Fen/C (1:4-900) 7.0 298 55.1 KIS FYLIE [71]
nZVI/CFA 6.0 298 147.6 EQIE S ey A RNE [72]
ZVI/PAO 5.0 298 206.0 R A B 24 [73]
Fe-PANI-GA 5.5 298 350.5 USRI AR [74]
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~=-nZVI@Mg(OH),
~&-nzvi 6
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elminy 3

B 3 (a) pHESE TREXUVDIENZVIMCS0041 ) |3
BRAT AR (b) A FIpH FUVDIAFI 434 (0) R
fit 18] X nZ VIAInZ VI@Mg(OH), 25 B U(VI) i 5 1 2 iU,
(d) ZEpH 3.5, T=298 K, nNZVIFInZVI/CNFEFRUVIFI1h
L (¢) nZVI@KGMCHU(VDE AR [U(VI):F )k
RELL B R s RS, () NZVIL SNZVIL DI-
NZVILL K DI-SNZVIZE AR E T FBRUVDRR (44
FERZ )

Figure 3 (a) Effect of pH and ionic strength on U(VI) adsorption on
nZVI/MC800 [76]; (b) relative species distribution of U(VI) at different
pH [77]; (c) temporal evolution of U(VI) removal rate by nZVI and
nZVI@Mg(OH), in reaction solution [79]; (d) pseudo-second-order
kinetic model for U(VI) removal by nZVI and nZVI/CNF composites
(pH 3.5, =298 K) [80]; (e) enrichment performance of nZVI@KGMC
for U(VI]) in uranium solutions with different mass ratios [U(VI):F~]
[81]; (f) removal capabilities of U(VI) on NZVI, SNZVI, DI-NZVI, and
DI-SNZVT under serial temperatures [69] (color online).

7£328 Kitf, DI-NZVIFIDI-SNZVIXTU(VI) ok 5
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CO;. UOL(CO5)," + UOL(CO5),"), i A 75 H 5 LAk 1
BT FEZVI UV LB R 52 R, Sr(I)-
Zn(Il). K1), Na(DFFHLA7FH & T2 53 2> 8 0 i 1
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fir 5, A3 ERRR M BB R, Zheng P RS 155
TnZVIE B EPO, SUV R AR, SEibgt B& i
PO, 3 T nZVIXF UV I IR, 3% 2 B 9 W B T
nZ VI KIPO,” A A H IR A 25, [FIPO, ik
HUVDERDTE, MMERnZVIR UV R 2 B
.

3.2 sG-S

T WLV B S 56 B AR e 0% e IR B 751 5 5 ) 2 T
(1) 2 R A%, AR TGV N OB i B IR, 38 7 15
B IARRAEHA, aotil ot MM gesE. nlimid 3
W57 2T FnZVEEMEH S UV EAERE B,
HE T HET H S e S RIS A TN, RN R AR,
NG S R Iz VIR B R (5% 51k 5.

W FH B 6 RS 20 BT AR 45 X 2R AT 5 P (X -ray
diffraction, XRD). FTIRFIXPS. FTIRFLA B/ #7 #%
TP PR 2T A T 5 AT HE BB 420 S5 v A S S B
BEMI RIS . TangZ U FHFTIRECAR 24T 1
nZVI/E 5 = 2 8 - A 805 (Fe’/APTES-
GOYE&MELSUVDIIE RN, aiEl4afrs, W
UVD)JE H LT 67 T-881.8F1480.2 cm ™ b U (V) Fl
UIV) MR Wi, XL BIE 7 U(VDAZIEE hUV). (7
i Fe’/APTES-GOW ff il J§, #*iC=C. —-OH. C—
OH. C-O-CEReRIig KN, RYFEENE
e 25 TUVD IR G FE.

XRDHF AR AL R A, AT LR b4
o S AR AR DL A B S B M5 B Xiang % *YiE
EXRDZ T T nZVI-CNTSU(VD I B FE. il 4b
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Abstract: The rapid development of nuclear energy has resulted in a large amount of U(VI)-containing wastewater that
needs to be treated. Nanoscale zero valent iron (nZVI) has been used in recent years for radionuclide removal from water
due to its low cost, ease of preparation and abundance of active sites. This paper describes the preparation of nZVI-based
materials and their application to the removal of the radionuclide U(VI). Common methods for the preparation of nZVI-
based materials, including borohydride reduction, green synthesis, and high-energy mechanical ball milling, are
reviewed. The effects of solution pH, reaction time, reaction temperature, and co-existing ions on the removal of U(VI),
and the microscopic interaction mechanism of nZVI-based materials with U(VI) by spectral analysis and theoretical
calculations are summarized. Finally, the application prospects and technical difficulties of nZVI-based materials for the
removal of radionuclide U(VI) are analysed and personal insights are given for the development of a technical route for
the removal of U(VI) contaminants based on nZVI materials.
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