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A study of the reductive transformation properties of the mineral systems
of Fe( Il )/cation-doped goethite for 2-NP

DU Ke-qing, WU Hong-hai, ZHU Hui-lin, WEI Xi-peng, GUAN Yu-feng and LAN Bing-yan
(School of Chemistry and Environment, South China Normal University, Guangzhou 510006, China)

Abstract: In this paper, modified goethite samples doped with different cations were prepared and characterized.
XRD showed that doping cations Mn>*, Cr** and AP* didn’t significantly change the types of crystal structure
for a-FeOOH, indicating that the cations were doped into the a-FeOOH lattice, and solid solutions were respec-
tively formed when Fe’* was partially replaced by Mn?*, Cr’" and AP*. The infrared analysis also showed a
similar result. The results of TGA-DTA and TEM exhibited that these metal cations had entered the goethite
lattice. By UV-vis diffuse reflection spectrum analysis, it was found that the band gaps of goethite doped with
Mn?* and Cr’" were 2.18 and 2.24 eV, respectively, lower than the band gap of pure goethite (2.28 ¢V); in
contrast, the band gap of goethite doped with A" was increased to 2.34 eV. In addition, the reductive effects
of different complex systems of Fe( Il ) combined with pure goethite and its counterparts doped with above three
different cations on 2-NP reduction were investigated, and it was found that the 2-nitrophenol (2-NP) reductive

transformation followed the pseudo-first-order kinetics under the condition pH=6 and temperature 25C . The system
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Fe( Il )/goethite doped with A" showed the best degradation of 2-NP with a removal efficiency of 100% with-

in 120 min. However, the reductive rate of 2-NP transformation was clearly reduced with the initial concentra-

tions of 2-NP increasing to a certain extent. Moreover, the rate constant (k) of the system doped with AP" was

increased with the increment of the solution pH value.

Key words: cation-doped goethite; ferrous ion; 2-nitrophenol (2-NP); reductive transformation
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Fig. 1 XRD analyses of C¥®*» AP, Mn?>" cations doped
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Fig. 3 TEM images of Cr®*, AP", Mn?" cations doped and pure goethite phases
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Fig. 7 Effect of initial concentrations of 2-NP on its
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)R T P LA 2, AT A 28008 m i e R B 7 5
HARZEXT Fe? ™ (10 B, 1 BT B B 1) R T 45 5 & Fe
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G RGN 2-NP B8 Sk B2 557 A HE— R N Bl ) 2%
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Fig. 9 Pseudo first order kinetics curve of removal of
2-NP in Fe( Il )/Al-Gt at different pH values
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(D M2 ' CP VAP B 3% 5 55 gl AR
WAHLE , XRD B35 ob A7 56 06 1) 47 L F- 3% A i #2
WA I BB S AT 5 g s AN TEM R v] LG
A AR B R B et AT 38 LA SR (1
R h R S5 AR e i 28 BoR Al BTk 5 B
e 1A A EEE P AR 1), A DB O M0 s 35 2 Bk
WL AMRFAE WSO B AR B0, BB M2 W CP3
AP BB 2N o-FeOOH A #% , I A 1 i 24
AT R IR AR 5 o

(2) gL 3B 5% Mn?* CP2 " AL AP BB 7E
H Fel I FENEZERG T, WIHE Fe [[HDWFNIE
JE3E P Mn-Gt< Cr-Gt< Gt< AL-Gt, A1 75 S48 PR 55
W4 PR A RGN 2-NP I8 IR 25 B AE FH AR O i,
X5 4 FobA Rk 0 7 B RE 28 T X — B[Rk, mT
W4 A Fe D/ PR IRE G RGP FeC 11D
YRR L S5O PR T RESZ B0 WA R Ay B e K /NS5 R 3
54 . A REJRIAIE Mn?" CP B 24 h A
THOBHAERH, TFZESE— 2 E W M2 CP T &
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(3) fE—EKREIEH N, Fe( 1 )/ALGt HH &
G55 T B SR P AV S5 B A 2-NP (R 9 BE T T
FSCARE 2-NP i 5t g B R 25, B AT 3 30 2-NP 4]
R E L BRI R T

(4) 2EAH A K Mn? " \CP3 F AP T B 2% i
FeC [1) ATy IS & R G5 2-NP 13k i i1k
R G UE— B ) 2= TR, LT B OB
W pH E 38 KM T . DR, ¥ pH AR 0 A2 45 1
Fe( [1 )i Js g M i s M 55 .
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2015 EEEOMRFERBH EEHZ2IEF—10NEK

A=) E4 RMWGIT BT 5| s T4 WG BREIK T
1 FA AR 1.808 8787 0.80 || 16 R A M AR 0.743 1460 0.97
2 SR 1.778 4575 0.91 | 17 R4 0.730 1918 0.97
3 Hh xR AL 1.735 3539 0.91 | 18 EATYFELRE 0.721 1263 0.93
4 W ERRE HEREE 1.561 4584 0.95 || 19 Hi R R R 0.715 1503 0.80
5 Hh Bk 2= 4R 1.561 1973 0.90 || 20 i 2 ek 0.633 750 0.84
6 Hb 4R 1.357 4553 0.91 || 21 HhBR 5 A5 0.625 915 0.90
7 T IR HhL 1.354 2811 0.80 | 22 WWAAMERMLEEH  0.625 881 0.92
8 TURR 22 1.230 3151 0.91 | 23 TR 0.572 1540 0.93
9 Hb TS VT 1.211 2691 0.92 | 24 Y el 0.567 964 0.91
10 KA I 5 T 2 1.107 1348 0.83 | 25 B e 0.563 994 0.89
11 HhERF 0.946 2617 0.88 | 26 W54 0.459 968 0.90
12 AR Kb 5 0.900 2049 0.85 | 27 5T 25 ARk 0.344 453 0.93
13 b2 )piBii k] 0.882 3754 0.90 | 28 TS 18 A 0.314 423 0.95
14 IR 0.856 1240 0.81 | 29 WA 0.309 378 0.89
15 HFHRRZEZRIEREER 0,820 2188 0.88 || 30 Hh 5 B 0.201 382 0.88

AZHAR T F1C2016 4F R B ARSI 5 HER & RO RO YR RFE SR BT -



