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Abstract: [ Objective ] Selenium (Se) is an essential micronutrient for human and animals. Ingestion of either an inadequate or

excessive amount of Se tends to cause hazard to their health. Bioavailability of Se in soil depends on its forms. Iron oxide is an
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important component of soil and may interact with Se through desorption/adsorption. Iron and manganese oxides in soil are often
cemented together forming binary metal oxides or Mn-doped iron oxides, thus significantly affecting translocation and
transformation of nutrient elements and contaminants in the soil. However, so far little has been reported in-depth in the literature
about effects of Mn-doped iron oxides on speciation and bioavailability of Se in soil. [ Method ] Samples of pure goethite (Goe)
and Mn-doped products (G-Mny ;, G-Mny,, G-Mng; and G-Mnys) were prepared under set hydrothermal conditions and were
characterized with the aid of X-ray diffraction (XRD), transmission electron microscopy (TEM), nitrogen physical adsorption,
Zeta potential analysis and potentiometric titrations. Moreover, selenite (Se(IV)) and selenate (Se(VI)) adsorption characteristics
of the samples were investigated through batch adsorption experiments. [ Result ] Mn-doping at a low rate with
RytoreMn( 11 )/Fe(1ll') molar ratio being 0.1-0.2) promoted significantly formation of goethite crystals along Axis b, in the form of
flat needles big in length-to-diameter ratio instead of short spindles, whereas Mn-doping at a high rate, 0.3-0.5 in Ryjyre, Which
means increased Mn(II) content, inhibited significantly formation of goethite crystals along Axis b, while promoting their growth
along Axis a by a certain degree and moreover making them tenuous. Additionally, a mass of Mn-doped magnetite appeared in
the samples. Of Goe, G-Mng, and G-Mny s, the specific surface area was 36.78, 53.22 and 71.33 m2 ~!: the surface fractal
dimension D, 2.31, 2.53 and 2.59; the mean pore diameter, 13.73, 15.59 and 6.92 nm; the isoelectric point, 7.36, 6.58 and 5.31;
and the surface zeta potentials at pH=5.0 40.5, 35.3 and 4.92 mV, respectively. In terms of surface hydroxyl content, the three
types of the samples followed the order of Goe < G-Mny, < G-Mnys. At pH=5.0, the Langmuir model was found to be more
suitable for use to describe isotherm adsorption data of Se(IV) and Se(VI) in the samples (R?=0.966~0.996). The Langmuir
adsorption capacity (Omax) of Goe, G-Mng, and G-Mngs was 11.6, 16.8 and 20.4 mg-g ' for Se(IV) and 7.6, 8.5 and 9.2 mg-g'
for Se(VI), respectively. The adsorption affinity for Se(IV) slightly effect by the Mn content, which dramatically increase the
adsorption affinity for Se(VI). [ Conclusion ] At Ryp=0.1-0.2, the formation of Goe is accelerated by Mn(Il), and at
Ryype=0.3-0.5 Mn-doped magnetite is observed in the products. As of Goe, G-Mng, and G-Mnys, specific surface areas and
surface fractal dimension D increases in turn, while isoelectric point, surface zeta potentials at pH=5.0 and surface hydroxyl
contents decreases gradually. Q... increases with rising Mn( Il ) content for both Se(IV) and Se(VI), and Qua of Se(IV) was
higher than that of Se(VI), and their isotherm adsorption model is mainly kind of homogeneous surface mono-layer adsorption.
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1.1 SEEHKF

BT AR 24 0 43 M i 9%, 8 4l K OB 4l K AL
( HK-UP-11-20 ) il %, HHFH#%<18.25 MQ-cm™,
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HRAE SCHR 271 0 7 A T ke, L F 2
BEA: B 10.1 g Fe (NO3) 3-9H,0 T 500 mL ¥ k45
e, A 50 mL BAK , SEPEAR S A 175 mL
2 mol-L' 1) NaOH A, 4kZeditdt 5 min 1550 20
min, B0, W, REHIHERBEE 250 mL 0.3
mol-L™' fJ NaOH ¥+, W7 pH & 12.0~13.0 Z
[B], KB 57 R TR 60 °C YT iA B h &2 4k
15 d, B0 BEETRl, JEHBAKPER, 40°CHE
LT, BRESIT 60 HIf, ¥iE N Goe. N T Hil4
B2, B4 4y 10.1 g Fe (NOs) 3-9H,0 T
500 mL A9 ¥EBHEEA R, DA 50 mL #E4EK, SR)5 45

WIANA 0.625, 1.250., 1.875 F13.125 g Mn ( NO;)

2 4H,0, FRRPE SERAIEER L ( Ryure ) 53514
0.1. 0.2, 0.3 #1 0.5, ZMGI&EH 0 M I LG &R
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¢ (XRD-7 000, HA&HE) Likfr. HlHETECh
MAER, W% R : CuKo (41=0.154 06 nm ),
IR 40kV, LI 30 mA, iR, FAHHEE 8°-min',
A4 0.01°, FFA LR 10°~80°, FE & 155
B5( TEM ) Mr 7638 55 B 7 2 S 8% 12 ( Tecnai G2 F20,
FME FEL) EiEfT. BU 1 mg Z2 A RES 0T 10 mL
TR CTEH, AL 30 min, Bk AW &7
WO L, B 5 UEE TEM B, Ml
J£K 200 KV,

i B 2075 TR R B /R BRE o3 AT 7E 4 A Bl R
T AFLAR 2345 3 HT AL ( Autosorb-1, ZEEEE ) Lk
Fo TAESM:: W2 30 mg FESHTE 120°C7F kb
PE 20 h, B LAFHAD A . SRJEE 77 K 5%
P AT A TR R B/ BRI A ) bl TR
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SALARFR A X R B2 E A (plp = 0.998 ) B
L B TG, ST X FLAR R 0 260 A5 ek R o
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kA, L4254 | Non-Local Density Functional
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mol-L™" ) HC1 fil KOH ¥ 0 # H: pH 18 % 5.0+0.02,
il i 8 P W 45 . 3 Bl 1.73 g WEARPEREM ( Se
(IV )R 1.89 g AfifR4H( Se( VI ) JFESh T H 4~ 100 mL
PRt i A 80 mL 4l /K il s, 11 0.01 mol L™
f9 HC1 Fl NaOH 5 pH = 5.0£0.02, 5=
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(VD) it gk, iR R Se (1IV) 5 Se (V1)
BRI EE A EE /5 1. 5. 10, 15, 20, 50, 80,
120 mg- L' ARG HIA pH=5.0+0.02.0.01 mol-L™' KCI
W E BN 30 mL. ¥ HHA R 7E 25°C .
250 r-min"' 2518 FE%% 24 h, SRJSAE 10 000 r-min’
BN B0 10 ming IR 2B T ( AFS-8330,
JEEH K ) ME LER T Se (IV) Al Se (VI) Ay
JE o ARl T B TS R TR R R B 2 2 T AR S X G
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Goe M HAGB IR XRD EliEWLIE 1. Goe
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36.88°, 40.26°, 41.46°, 53.42°, 59.29°H1 61.53°kk
BT AT i, X S ARMEET TR A ( PDF-810462 )
FIRTSTBE—3, %W Goe BESL MALRYEH 8T, 5
Goe # L, G-Mno, BT IS M E A W A2k, H
A LA AT S 06, H LR B2 A TS 58 . G-Mno, i
BT SR AR AT T, HAE 29.84°, 35.13°,
42.67°F1 56.37°4b i H B T 15 A LA AT S 0 o AR B
CHR[30], G-Mng, AT H LAY X LE A7 S 0 ] 19 )& T

BRI . G-Mngs Fil G-Mngs W7, SHa AT 5T
VAW S , B RE R AT S I R BT 5 . AR
P SCHER[14], YERB 22 LB ( Ry ) HH O FHET R 0.2,
B BRI (101 ) b T A0 7T 5 58 B AR X 1 HoAth
mm AT 395, 1 (301 ). (401) F1 (601) ShIAIMY
TSt s BE AN Rynspe HOHG RN FFEE G 98, [H] A
(200 ) &7 T A4 AT S 560 B 2R ST U 575 o 3 3R TR AR A 4
BIARFMET, 85 Ruwre B HAEHE T EH DM IA
Wy b Sy AR A EEE o BhOF S AR, 0 e
By A A Z B R AR AR B R
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i YRR 9B G W AT S M G iR A [R) I, AR R Y
(101 ) & I AT S o BEAR O K BE 0 55, (1020) /&y
T P4 T S 5 S S B 5 TIT (200 ) & T 497 559 5 B s A
o, XRUES LB MBA T, e B
WG 56 AR B RIS, BFHERE SR RUT b ST IR AR K
ZENEAIE, o WA — 2 BE RS X R
BB E Rynre Y3 R PR B W9 B 50 0E R0,
R RINOEI RN U Ry CHER N N R DR TR IRIN
Al AT UL, AR 2 X E R MR S5 A 1 B2 )

v M M X (G-Mn,5)
v

v

v MES VY:\ v Yy vﬂ (C:I:Mm)s)
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(1)
B0 iy 2o @120
200 0o | @0 CIDO0020) (06
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20/°

T VANV RN R R 1B 2 5T B B9 XRD A7 I . Goe
REFRT, G-Mng, N Rywee=0.1 BIFEM, G-Mno, A Runr=0.2

AR, G-Mnos N Ruwre=0.3 FIFERL, G-Mnos A Ruwr=0.5 Y

FEdlo TIA. Note: V' and V¥ stands for XRD peak of goethite and

Mn-doped goethite, respectively. Goe stands for goethite sample;
G-Mny; for the sample of Ryyr.=0.1; G-Mny, for the sample of

Ryinre=0.2; G-Mny 3 for the sample of Ryyr.=0.3; and G-Mny s for

the sample of Ryn/re=0.5.

K1 Goe MIAELABA ™ WI XRD Kil
Fig.1 XRD patterns of Goe and Mn-doped products
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S R R ERIRIE A, 385 OB AT FE 38 2.0 pm D 15
G-Mny 3 P RFRST BB K EE 1.5 pm 2247 B9 ET R

0.5pm

b, A B EEERIORERIRY) ; G-Mngs HHBELT
KGR ERR Y, [RIAFAT 0L K 24 0.5 pm
LN ETIRBZIUR BRL . 254 XRD 4HT B 45
G-Mng; Fil G-Mngs H1 99K BRAR W) 0 12 02 45 5 1 4k
o M0 S FRE S P B R S ARE S A8 1k 5 XRD
ST R EEA S AT, Y Ruwre=0.1~0.2 B}
PETEE RS b3 A K 2 Ryype=0.3~0.5
BF, BfE B2 LB RN, B MGk & Ok b
R, R A OR AR 5 Bk AR A

K2 Goe MIAfBA M TEM K14
Fig. 2 TEM images of Goe and Mn-doped products
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Fig. 3 Nitrogen isothermal adsorption / desorption curves and pore size distribution curves ( the inset) of Goe, G-Mng, and G-Mny s

#*F 1 Goey G-Mng, 1 G-Mn, s BIFLIELE RS

Table 1 Pore structural parameters of Goe, G-Mn,, and G-Mny s
HFE AR Specific B
FE SFHIFLAE Average R/ Surface
surface area Total pore volume
Sample pore diameter /nm fractal diameter ( SFD )
/(m*g) / (em®g™)
Goe 36.78 0.578 13.73 2.31
G-Mny, 53.22 0.634 15.59 2.53
G-Mny 5 71.33 0.626 6.92 2.59

A I BRFLFLAR A /NS R T RE S A A R TR [
VRFE S R (SFD ) 1 52 B i 2 1 A 5
Fitk. BPIFE SN SFD {HIE #AE 2~3 [A], 4 SFD
el 2 BRI AR SR OG5, SFD {E TS
FUIRE RIS AR 2 | MRE R RSN . Goe AN
G-Mny, i) SFD {84514 2.31 Al 2.53, W] WL
FEURE B2 0 2 10 5 T 1k 1) 22 S BN, AR B i T
fO#aFA; T G-Mngs B9 SFD AR A B, X &
FJE G-Mngs B P BUR BB RE R 1 [R) i 8
FEAE D LR A BT, S EORE S Y 5 T M R

22 S RHEFABRFYHRE LR

ATA] pH 544 T RE S Y Zeta B TLIE 4, Goe,
G-Mng, Fll G-Mny s /) Zeta HFLOZE 5553000 7.36.
6.58 Fll 5.31, Goe [ HLA & i 5 SCHR I8 19 25 5 AH
AR %k G-Mng, Ml G-Mngs 1M 5 , ME&E B4R
N Zeta HUA T ASASKTRRAIC . AR SCRk[31],
XA H P T4 B ALY Zeta H A SRR, 3 7E
2.25~5.00 LAl EAk, G-Mng, FEdh Y Zeta HLNL
FEflk, ETTRES G-Mng, #F i AT 1Y L 3% M AR
AC101) SR o3 R T 2 k0 R T =Fe—OH
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60 -
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-60

pH

Kl 4 Goe NMHALBIT W Zeta HLAL
Fig. 4 Zeta potential of Goe and Mn-doped products

K5 RS B TRIRAY pH 5 H AR R 2 A 56
ZHhgk . HWith pH ‘P = 8.0 i, RfE H MR W
PNAETE IR pH B WA . Y ETEIAY pH M 8.0
FEARZE 4.0 i), Goe. G-Mny, Fl G-Mngs H#ERY H
H9100 1,19, 1.39 F1 1.52 mmol-g ™', FESLFETH Y
TGRS LA TR R4 IE, AN pH £k F Al
BT L TR0, T 2R3 R 2% i
PEC R, RS ETR VO pH 8.0 B pH 4.0 7
FEM H 5 H R TG R S 1 2% S E A G T
W, BEERB A DT, RS R A P %
JE 3 T
2.3 R XA A R B

&l 6 i Goe. G-Mng, Fl G-Mns X} Se ( IV ) A
SRR BRI . & 6a WoR, BEMXT Se (IV) HIMK
M (Q.) FiE Se (IV) Pk i (C.) M3
BTN, BRI Se (IV) BIFAHE/NT
10 mg-L ' i}, WERHHRFE Se (IV) SPAguk 3 Tt = i
AR, MEFER Se (IV) B FMH A 10~
40 mg-L ' Z[E]Af, Goe Al G-Mng, X} Se (IV) Ay
B S 3 IR/, T G-Ming s X Se (IV) M BF & 4K
SRR, MEIF W Se (V) AT B ik
40 mg-L™" DL ERF, 3 FEES T Se (V) (1% 42230
W, R TRE. K eb f, MEIFET Se

0.9+

0.61

0.3F

H* kG consumed/(mmol-g™)

0.0

pH

K5 FEAHY HOF AR -pH KC RN

Fig. 5 Proton titration isotherms of the samples as a function of pH

(VD) M FAHe BE/NT 15 mg- L' i, Goe. G-Mny,
F1 G-Mngs X} Se (VI) BBl Se (VI ) -1k
FE TR B A B TRW T Se (VD) AP vk
FEAE 15~25 mg L' Z 8], Goe F1 G-Mny , F) W% Fff
HEIEA M, M G-Mng s 1YW B4 AR 2 B0 R A
AR 24 Se( VL) AF- Ak B 23T 25 mg L'
W, 3 FpEESL T Se (VL) AW B35 8 TP . Y
Se (VI) HY AT BE 35 25 mg- L A B, 3 FhAES,
X Se (VI) ByWE Rz im i A, el T .

Langmuir A1 Freundlich 45 i W B A5 Y X5 4 it 45
R Se (IV) A1 Se (VI) BIHIALERWFE 2. 2
TP S5 IR 2 R ASE R X AR i 2 BfE Se (V) 1 Se (VD) Yy
WG LY, Goe .G-Mng, Fl G-Mny s F i XF Se( IV)
F1 Se (VL) Fm Bt 838 A F Langmuir 2535 W B
BERIFE AR . Langmuir BRI A G5 R W, 3 FPkE S X
Se (IV) MR Opax 7E 11.6~20.4 mg-g ' [i],
Rt AF SRR A8 2% B A BG ITTRG i s WRBNCE AR I HE AL b
1£ 0.60~0.53 L-mg ' [&], H:H G-Mng, ¥} Se (IV ) 1%
BFFSE AN T4 THET, T G-Mngs Xt Se (IV ) B R 35 A
TIB FTREAR . FES Se ( IV ) ) Langmuir #5171 )
AEE RN, WK B 4% LB AT A R A
Se (IV) MyMEFIZs, SRMIAESXT Se (IV) AYWLRfE
FMNHZEB BN RN A 3 PR XT Se
(VD) SR Omax BUSZIRFRBEARRTEL /N ( Opax M
7.6~92mg-g "), 10 3 FkEM T Se (VL) WEFff=EF1 17
HE b AR E (b} 025~0.93L-mg" ), H O
F1 b BIRHFE LS 2% B A IS B s X B R
B —E R E SRS Se (V) W25, [
A A R HB I S S X Se (V) BB SE R T o

http://pedologica.issas.ac.cn



1 T OB HBA RS | R T A BTG ) 5 el 115
251 2) 10
z z
3 2
=3 20 Z 8
Q Q
g g
=~ 15 B 06
3 e ||
<.E 10; <E 4t
o) f o i o Goe
iz i = o G-Mn,,
& 5 i@g 2 & G-Mng; o )
= —— Langmuiri¥l& Langmuir fittng = — LangmmrfU/%Langmuq fittng
B 0 J - Freundlich#{ {3 Freundlich fitting = 0 e Freundlich{tl & Freundlich fitting
0 20 40 60 80 100 120 0 10 20 30 40 50 60 70 80
S % C Equilibrium concentration ﬂZ@IM{JECCEquilibrium concentration
/(mg-L™) /(mg-L™)
Kl 6 Goe. G-Mng, Ml G-Mngs%f Se (IV) a) FlSe ( VI) b) FIZFIR WK
Fig.6 Se (IV) a) and Se ( VI ) b) adsorption isotherms of the samples
F2 FERWH Se (IV) FSe (V) MEBEALESH
Table 2  Fitting parameters of the isotherm models of Se (IV) and Se (VI) adsorption of the samples
g BfF 5 =T Langmuir %! Langmuir model Freundlich #%! Freundlich model
Adsorbate Samples Omx' / (mg-g?) b/ (L-mg!) R? K'/(mg"™ "™ .Lmg ) 1n® R
Goe 11.6+0.2% 0.58 0.991 5.2 0.19 0.725
Se (IV) G-Mny 16.8 +0.4 0.60 0.988 7.5 0.20 0.743
G-Mny s 204+0.3 0.53 0.996 8.5 0.21 0.809
Goe 7.6+0.3 0.25 0.980 2.6 0.26 0.806
Se (VI) G-Mny, 8.5+0.2 0.38 0.990 3.4 0.23 0.786
G-Mny s 9.2+0.3 0.93 0.966 4.2 0.21 0.837

TE: 1) Ouax 7275 W B0 XTI B 5 A S0 RIS 25 405 2) b S GRS R ) R 25 G B G B 3) kO IR A ik A DG i 8
4)1/n g 5 W B0 B A G A R B0 S ) IIME + AR UEMZE . Note: 1)Quay stands for saturated adsorbate adsorption capacity of the adsorbent;
2) bis the constant related to affinity and binging energy; 3) k is the constant related to adsorption capacity; 4 ) 1/n is the constant related

to the adsorption intensity; 5) Means + std.

Freundlich BRI G255 R, 3 FAE ST Se( 1V)
(I B 3 4 K fE 5.2~8.5 mg!™ ™ LV
ANTRIAE i ) VR o 25 i 5 0 k ARG KNS Langmuir
FEALLL G B e KRB A Omax — 3o 3 FIEE A0
Freundlich W Ff} 5 3 22 S0 4 45 2% it 04 - i 177 gk £k
i (1/n 29 0.19~0.21), BB 3 FlEEEL X Se (IV)
F18) WG R 225 2 1 6 e 2 1o i P v 1 5 85 DI W J 2%
Sto TEMRE Se (VI) A5, Freundlich #5RY41
BER k BRI e = G I mi g n, (W R o
JEZRE Un WA WU, LU R AR 1B 2% L] m] 3 K
FESR XS Se (VL) B W RS F00 Bf 2 F0 0y, x5
Langmuir # A5 45 1 —34

Goe Fll G-Mn,, FEih ) XRD FI TEM 8 R 5
BN FE Ry, MR & AR AR,

I G-Mng, #: 5 H R BR RE T X RE B Se (IV)
) IR B 52 1 1T 28 o 5 Goe AH EL, G-Ming , 1 fl AR 2
T b WA, TR R YT ERIATE K S R K
R H AR, B G R LER A (101) &
T L RE R BRI AR AL BT Se (V) FIE
BRI 32 2 A e AR T, OF HAT BT dh A
(101 ) i T F5e A R 568 B 85 7 R AR 14 A2 MR B 03501
G-Mny, B B LR AR (101) b b 64K
FUORE Al BT PR AL RS 22, P G-Ming , % Se( V)
F W Bt S 2 1S R b, G-Ming, FEAREY (101)

s T4 DR WA A7 A5 ) 268 J3E 494 O LA 22 R D
B, B TSRS, I G-Mno, X
Se (IV) YWz AW B WAL, X5
Langmuir 1 Frenudlich B RIL545 21 i 25 - — 2

SR
2

http://pedologica.issas.ac.cn



116 + S

e e 57 %

X T G-Mngs i, HFE NI C SR,
Kt G-Mno s FEAXT Se (IV) MR & A3 K AT RE S
B RRA BAT B R b2 TR R 0 35 3 3R 1 %5
P

W9 s, AR AR N &8 (B4R
AALYIXE Se (VL) A MZBRHAIL I 3 22 R Wy SRR, AH
IO P S AR FH 3 32 Bk U DL R A L | D TE
(43 F AR FH 305 370, Mg BHA R 1 pH Oy 5.0 i,
5 Goe #EfAHLL, R G-Mng, Fl G-Mng s # i 1)
Zeta B FEAR AT S BORE S X5 Se (VD) KA ™
A W BRI D 5 H R G-Mng, Fil G-Mng s 5 1 LU 3R
T FRURI 6 T 52 4 32 ] 8 A K, 3 T i G-MIn
T G-Mngs FEfh 5 Se (V) JERUHE 2 0 S8 AT R
(22 s TR0 AR - BORE S X Se (VL) B IRz B o 184 K
I H. G-Mng, #l G-Mng s FF it 1 5 BT PR o, S B0RE
it UKL JR 30 2% T BT SO, oA R TR R S X Se
(VD) BymWep . PRt 2 FgMHERT , fisde™
PIxt Se (VL) i)W B2t Fifi 5 i 45 21 s O 38 M K .
Ak, HF Goe. G-Mng, Fil G-Mn s ¥ i X Se (V1)
{18 W BT Ay W82 BEE A P 0 2 55 P B o, PRIt 52 2% 52
Me) BE R W, 3 3 bR Al X Se (V) AR S5 I
AR HL B B 15 2% i 515 I 4 .

3 4

TR LB EE 2 2% ( Ryyre=0.1~0.2 ) fE3E T 414k
W mARNy b form A, HIOESIBEE B AR N T &
TZEFF NI o 2 Rype=0.3~0.5 I, FHEkH" 5
PRI A2 30 T W0 AR 1S SR 4n, BL=4 b
T BT . Goe. G-Mng, Il G-Mn, s f{ L F

LTI 0T B A0 T i P 5 6 28 4 3 Sk A
WIS, HEEM Y Zeta M E S BEAGB AR
A IZEET AR . #0146 pH=5.0 I}, Goe. G-Mny,
H1 G-Mng s X} Se (IV ) MR35 FXF Se (VI)
4 WOz B, L A5 i O B 54k $2038 A Langmuir 5574
PUA o AR LB 4G 15 2 5 SO 19 Ll 2 1E BURD
(101) Fhmd K, BERT X Se (IV) AYIE W Bz
SRR, T LU R B A WDE B T B R R
P G-Mng, Fl G-Mng s FEf X Se (V) B 344
B R38N, BEE B2 LI, FER A LR
AT AR R L 2% B DL BB S i) S M R R g o, &
FOF Se (VL) (14 W B 02 B 53 A3 . T

WL, AR A X BT A 45 R R T B 7 AR T W
WA, AT HEERAE S Se (V) Hil Se (VL) AWML
A FH i 28 R B0 7 PR 358 TP RS 1 o

S %3k ( References )

[ 1] Zhoul, Bai Z S, Xu H B, et al. Selenoproteins and
diabetes—Dual effect of selenium.
Chemistry, 2013, 25 (4). 488—494. [JAZ, HIkI,
WMEHE, . WA SRR — . kst
J&, 2013, 25 (4): 488—494.]

[ 2] ZhengXQ, XuW, SunR X, etal. Synergism between

thioredoxin reductase inhibitor ethaselen and sodium

Progress in

selenite in inhibiting proliferation and inducing death of
human non-small cell lung cancer cells. Chemico-
Biological Interactions, 2017, 275: 74—85.

[ 3] JuW, Li W, Li Z, et al. The effect of selenium
supplementation on coronary heart disease: A systematic
review and meta-analysis of randomized controlled trials.
Journal of Trace Elements in Medicine and Biology,
2017, 44: 8—I16.

[ 4] DingYZ, WangYJ, Zheng X Q, et al. Effects of foliar
dressing of selenite and silicate alone or combined with
different soil ameliorants on the accumulation of As and
Cd and antioxidant system in Brassica campestris.
Ecotoxicology and Environmental Safety, 2017, 142:
207—215.

[ 5] Lanctot C M, Cresswell T, Callaghan P D, et al.
Bioaccumulation and biodistribution of selenium in
metamorphosing tadpoles. Environmental Science &
Technology, 2017, 51 (10): 5764—5773.

[6] Wang S S, Liang D L, Wang D, et al. Selenium
fractionation and speciation in agriculture soils and
accumulation in corn( Zea mays L. Junder field conditions
in Shanxi Province , China. Science of the Total
Environment, 2012, 427—428: 159—164.

[ 7] ZhouXB,LaiF,Zhang C M, et al. Pathways of selenium
to grain relative to form of selenium and variety of rice
( Oryza sativa L.) . Acta Pedologica Sinica, 2017, 54
(5): 1251—1258. [k, ML, wRIREE, 5. AW
T 20 ) K R PR i A M i R 22 . RIESR AR,
2017, 54 (5): 1251—1258.]

[ 8] WengL, VegaF A, Supriatin S, et al. Speciation of Se
and DOC in soil solution and their relation to Se
bioavailability. Environmental Science & Technology,
2010, 45 (1): 262—267.

[ 9] Elizabeth H, Amineh A B, David S, et al. Influence of
iron redox cycling on organo-mineral associations in
Arctic tundra soil. Geochimica et Cosmochimica Acta,
2017, 207: 210—231.

[ 10 ] DasS, Jim Hendry M, Essilfie-Dughan J. Adsorption of

selenate onto ferrihydrite, goethite, and lepidocrocite

http://pedologica.issas.ac.cn



119

FOBAE: BB RS . RTINS W BTG £ 52 e 117

[ 12 ]

[ 16 ]

[ 17 ]

[ 19 ]

[ 20 ]

[ 21 ]

under neutral pH conditions. Applied Geochemistry,
2013, 28: 185—193.

Zhang Z Y. Composition and evolution characteristics of
clay minerals in several horizontal zonality soil particles.
Wuhan: Huazhong Agricultural University, 2016. 5§
B JLA K P e SRR HhoRs 0 ) ) 4 0
FEARAE. B el K2, 2016.]
LiuF,XuFL,Li XY, etal. Types of Fe oxides and their

phosphate sorption character in soils with variable charge.

Journal of Huazhong Agricultural University, 1993, 12
(5): 450—454. XU, TRRUH, AeopdE, 45 JLAhAT
A R AT v AR A BRI S R B R AR TRl R
iR, 1993, 12 (5): 450—454.]

JiJF, ChenlJ, Balsam W, et al. Quabtitative analysis of
hematite and goethite in the Chinese loess-paleosol
sequences and its
variability. Quaternary Sciences, 2007,27( 2 ): 221—229.
[FRIE, PRIZ, Balsam W, . &+ &Rk M
BHERAT (Y E 0 BT S AR TIRAE ARG S ABTIE,
2007, 27 (2): 221—229.]

R M,

properties ,

mplication for dry and humid

Cornell , Schwertmann U. The iron oxides,

structure , reactions occurences ,
Weinheim, Germany: Wiley-VCH, 2003.

Wei S Y, Liu F, Feng X H, et al. Microstructure of

uses.

goethite-kaolinite dyad and mechanism of its formation.
Acta Pedologica Sinica, 2011, 48 (2): 320—330. [5}
B, XL, WHE, 4. FHERT-mIS A ook i R
W4 F 58 AL . sk, 2011, 48 (2):
320—330.]

Montes-Hernandez G, Renard F, Chiriac R, et al.
Sequential precipitation of a new goethite—calcite
nanocomposite and its possible application in the removal
of toxic ions from polluted water. Chemical Engineering
Journal, 2013, 214. 139—148.

Silvina P, Maria L F, Elsa H R. Adsorption of alizarin,
eriochrome blue black R, and fluorescein using different
iron oxides as adsorbents. Industrial & Engineering
Chemistry Research, 2007, 46 (24): 8255—8263.
Goh K H, Lim T T. Geochemistry of inorganic arsenic
and selenium in a tropical soil: Effect of reaction time,
pH, and competitive anions on arsenic and selenium
adsorption. Chemosphere, 2004, 55 (6): 849—859.
Nie Z, Finck N, Heberling F, et al. Adsorption of
selenium and strontium on goethite: EXAFS study and
surface complexation modeling of the ternary systems.
Environmental Science & Technology, 2017, 51 (7):
3751—3758.

Sheha R R, El-Shazly E A. Kinetics and equilibrium
modeling of Se ( IV ) removal from aqueous solutions
using metal oxides. Chemical Engineering Journal, 2010,
160 (1): 63—71.

Leonel V C, Juliana N Q, Alessandra M M, et al.

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

[ 32]

[33]

[ 34]

Sorption-desorption of selenite and selenate on Mg-Al
layered double hydroxide in competition with nitrate,
sulfate and phosphat. Chemosphere , 2017, 187:
627—634.

Rovira M, Giménez J, Martinez m, et al. Sorption of
selenium( IV )and selenium( VI Jonto natural iron oxides:
Goethite and hematite. Journal of Hazardous Materials,
2008, 150 (2): 279—284.

Patricia G B, Silvia AF, NorbertoJ C, et al. Phosphate
adsorption  on Al-rich
Computational Materials Science, 2014, 85: 59—66.
Li M X, Liu H B, Chen T H, et al. Adsorption of
europium on Al-substituted goethite.
Molecular Liquids, 2017, 236: 445—451.
LiWw, WangL1J, LiuF, etal. Effects of AP doping on

the structure and properties of goethite and its adsorption

goethite  and goethite.

Journal of

behavior towards phosphate. Journal of Environmental
Sciences, 2016, 45: 18—27.

Yuan B L, Xu J G, Li X T, et al. Preparation of
Si—Al/a-FeOOH catalyst from an iron-containing waste
and surface—catalytic oxidation of methylene blue at
neutral pH value in the presence of H,O, . Chemical
Engineering Journal, 2013, 226: 181—188.
Schwertmann U, Cornell R M.
laboratory: Preparation and characterization. John Wiley
& Sons, 2008.

Langmuir I. The adsorption of gases on plane surfaces of

Iron oxides in the

glass ,
Chemical Society, 1918, 40: 1361—1403.

Freundlich H M F. Uber die adsorption in lasungen.
Journal of Physical Chemistry, 1906, 57: 385—470.
Hudson W P C, Peter H, Sandra H P, et al. Improvement
of the

mica and platinum. Journal of the American

photocatalytic  activity of magnetite by
Mn-incorporation. Materials Science and Engineering: B,
2014, 181: 64—69.

Mustafa S, Khan S, Zaman M I. Effect of Ni*" ion doping
on the physical characteristics and chromate adsorption
behavior of goethite. Water Research, 2010, 14 (3):
918—926.

Wei S Y, Niu PJ, Wang R, et al. Binary systems of
kaolinite and hematite: Preparation, characterization and
adsorption characteristics for fluoride. Materials
Transactions, 2016, 57 (7): 1171—1176.
Schwertmann U, Cornell R M. Iron oxides in the
laboratory-preparation and characterization. Weinheim,
German: Wiley—-VCH, 1991: 61—S80.

Wei S Y, Wang R, Niu P J, et al. Preparation,
characterization and fluoride adsorption characteristics of
iron oxides-modified vermiculite. Chinese Journal of
Inorganic Chemistry, 2016, 32 (9): 1619—1628. [5}
W5, F8, 4mezs, & SUbgsithig Ao, £
TIE R W B SR R AL 22 4, 2016, 32 (9):

http://pedologica.issas.ac.cn



118

e 57 %

[ 36 ]

1619—1628.]

Lounsbury AW, YamaniJ S, Johnston C P, et al. The
role of counter ions in nano-hematite synthesis :
Implications for surface area and selenium adsorption
capacity. Journal of Hazardous Materials, 2016, 310:
117—124.
Davantes A, Lefévre G. Molecular orientation of
molybdate ions adsorbed on goethite nanoparticles

revealed by polarized in situ ATR-IR spectroscopy.

[ 37 ]

[ 38 ]

Surface Science 2016, 653: 88-91.

Sun WL, Pan WY, Wang F, etal. Removal of Se ( IV )
and Se ( VI ) by MFe,;04 nanoparticles from aqueous
solution. Chemical Engineering Journal, 2015, 273:

353—362.

Liu H G, Sun D J, Hao J C. Colloid and interface
chemistry. Beijing: Chemical Industry Press, 2016. [X|]
HEE, MBS, SRt BT A A S . deat:
fh ol i e, 2016.]

(REHE: » #)

http://pedologica.issas.ac.cn



