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Abstract: With the development of nuclear power, radioactive pollutants discharge into the environment and then con-
taminate soil and water resources. Nanoscale zero-valent iron (nZVI) materials are widely used in water remediation due
to their strong reducibility and high removal efficiency. A carbon-based zero-valent iron material (Fe-CB) was prepared in
this work. Fe-CB was fabricated using sodium alginate (SA) as a carbon source via one-step carbothermic method and
then applied to eliminate U(VI) from aqueous solution. Its mechanism and adsorption properties of Fe-CB and U(VI)
were studied by spectroscopic analyses and macroscopic experiments. The results illustrated that Fe-CB possessed of am-

ple functional groups (such as -OH and —COOH) and high BET surface area, which made up for the dispersibility and
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low removal efficiency of nanoscale zero-valent iron (nZVI). The removal of U(VI) by Fe-CB achieved equilibrium in 3 h

and the maximum sorption capacity was 77.3 mg-g ' at 298 K. XPS analyses indicated that the U(VI) removal by Fe-CB

was a synergistic effect of reductive adsorptive processes. Adsorption process resulted from surface complexation and the

reduction process was dominated by U(VI) reduction to U(IV) by nZVI. The results show that Fe-CB can be used as an

inexpensive and highly efficient pollutant scavenger, which has great potential for environment pollution management.

Key words: zero-valent iron; carbon material; uranium; adsorption; reduction
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Fig. 1 SEM image (a), element mapping (b) and EDS pattern(c)
of Fe-CB
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Table 1 BET results of nZVI, SA and Fe-CB

Material ~ Specific surface area/(m>-g™') Pore diameter/nm
nZVI 4.1 1.03
SA 0.2 2.12
Fe-CB 346.6 20.12
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Fig. 2 XRD patterns (a) and N, adsorption-desorption isotherm (b) of SA, nZVI and Fe-CB; FT-IR spectra
(c) of SA and Fe-CB; magnetization curve (d) of Fe-CB
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Fig. 3 Effect of contact time on the sorption of U(VI) by Fe-CB (a), and corresponding simulation of kinetics data by
pseudo-first-order model (b) and pseudo-second-order model (c)
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%2 Fe-CB ¥ UVVDIRMZN hF M ESE
Table 2 Kinetic model parameters for
remove of U(VI) by Fe-CB

%3 Fe-CB ¥ U(VDIRMZRLRIUESSE
Table 3 Fitting parameters of adsorption isotherms
for U(VI) on Fe-CB

Pseudo-second-order model
ko/(gmg ''min) OJ(mgg!) Ry

Pseudo-first-order model
kymin' Od/(mg-g!) R’

Langmuir model Freundlich model

On/(mgg ") k/(L'mg') R? k/(mg™"L"g") n R

0.4388 573 0.489 0.0026 64.3 0.998
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PR TN FE R 22 B AR 5, 7E & S T
FES3 5 298 313 1 328 K T, RHIUEWKE N 5~
70 mg-L™ ) UVDEEATIR T 25 %, 155110456 L
Kl 4~ . INEITRT LG H, AR UCVI) R B
A T R T X2 TR R T
TR T RS, {23 U(VD)Y Fe-CB L
RN T 34T S He . I, KA Langmuirl™ A1
Freundlich V455 26 B0 6 B 98 HE 47 AL AL SR
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C_ 1 .G )

9e kaL 9m

Ing, =Inkg +lln C, (6)
n

A, k1 ke 43 7924 Langmuir ¥ 20F1 Freundlich %
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110+ (a)

— Langmuir model
- - Freundlich model
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K4 Fe-CB Xt U(VI) WK Bt 2535 28 (a) Al InK g-C, 19 25 14 1 (b)

Fig. 4 Adsorption isotherms (a) and linear plots of InKy

against C, (b) for the elimination of U(VI) by Fe-CB at 328,

313 and 298 K

298 77.3 1.40 0.971 62.6 18.62 0.788
313 89.7 1.54 0.970 71.1 16.29 0.884
328 103.7 1.25 0.959 76.4 12.15 0.901

WA RINE 3 FioanR,” >R, ] Langmuir
PR B 0% B 4 MR AR UV R B 25 R 7R,
VLB 7KV 921 40 BRI Fe-CB g5 U(VI) B 4]
o, JF Ho2 520, HAE 298, 313 #1328 K
i RS B KRB 23 590K 77,3 89.7 A11103.7 mg-g s
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HEERIE 4 fion:

0 0
Ink® = ARS - 2’; (7)
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(kJ'mol ™). #5745 (kJ-mol )FE A mol K ™), R &
FRAE AR $(8.314 'K 'mol ™), T & # g2 i
(K), InK? & InKy-Co(&] 4b ) 1 B BB (K =g/ Ce) B

MFE 4 TTLAE H, AH'>0 Fil AS>0, BH% N
FEWRAARRE G 5 R B R SR TR, AGY E
B, VORI S AT B Fe-CB X U(VDIY
LR
24 pHFEBEFREMN

pH AE 2 S A LI B 14 R 1 28 22 2 40, TR B
PERES UCVITE K H I8 A S AR B 750 7 P 1 2 )
K. B 5(a~b)iZ7~ T pH 1 NaNO; WK FEXT Fe-CB
EB U(VDszm, 458380, Fe-CB X U(VD)FIIK
BEAT A 52 88 75 B AR AR R R, O N R R T 4%
Ao WHHKE MR UV Fe-CB EIH/KMZENE
RelE B G A, BRI &Y.

K 5(c, d)7r 54 Fe-CB (] Zeta HL 3553 A7 R ATA
[ pH F U(VDEF RIS AMIES. 24 pH<4 K, U(VI)
TEL U0, M UO,OH MR, T

x4 TREETHRNDFUESKE
Table 4 Thermodynamic parameters
at different temperatures

ASY/(I- K mol ™) AHP/(kJ-mol™)

K AG/(kJ-mol™)

298 -5.74
313 —6.61 34.84 4.64
328 =7.72
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Fig. 5 Effect of pH (a) and ionic strength (b) on U(VI) sorption by Fe-CB, Zeta-potential of Fe-CB (c),
and relative distribution of U(VI) species in different pH (d)
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PE, BREF s, X AP AEMORL b, DT 980 2%
TX UV 2.
2.5 XPS 4

JE X} Fe-CB Wt U(VI)ATJE ) XPS S i k47
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Fig. 6 XPS survey spectra of Fe-CB before and after reaction with U(VI) (a), high resolution XPS spectrum of U4f (b),
and deconvolution analyses of Fe2p (c); Ols (d) for Fe-CB before and after U(VI) adsorption
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