55 55 %5 45 2 o oHE o2 i Vol. 55, No. 2
2018 4F 3 ACTA PEDOLOGICA SINICA Mar., 2018
DOI: 10.11766/trxb201710090405

FHERT ST S0 — B E SR XS Se (1V) BRFIHLHI

iR RYE 7 % M

CEIAL R A B Al 2 SR TR Be . B 445000 )

E

W OE MR TSR — SR E S X Se (IV) B PLE . 25 R ERY] . B
MEAENSe (V) B K2435 °80.202 mmol g™'F10.159 mmol g™ FFERW™ Y45 15 W B %
P35 & H Langmuirt BU4L5 i FreundlichE A1 T & A4 8 52 G 4R 1 A5 TR B D B2 o B4 1 46 H o
(IEP) 7E7.0MtiT, BAMEIIEP<3.0; YpH=4.00], BTN/ 5] H46.6 mVHI-40.5 mV,
X—HZOtH FAEIE (XPS) 2Hr iR, Mk A SRR Fe2p, iU HL 74558 (B.E.) 4351 h711.4
eVHIT11.5 eV, EAEMCIsHB.EAL }284.8 eV, WtapH=4.00f, #:f5Se (V) M EMEMIEH
FEAMRIAE . OB I AR B IF R pHo 3T 5 4.4 54,2, FR1E HLAL 5 BIFEAK T739.08 mV
AIE T 1.8 mV; Q8w F£iiFe () MB.EEMEALT 0.4 eV, HKZASe (V) MB.EfATLHH D
Ak @EAREEFe () MB.EHIEE T0.3 eV, £ifC-OFCIHIB.E.fHH1285.7 eVI i %286.5
eV, WHASe (IV) MB.EMHTHE T70.6 eV, HET ME AR Se (IV ) [ EZHLE] 45 £ i A
RN (ZAREREFEE SHSeO; ZMIFERUARCAL ) « g ). SESEM. i, E4kEn

MRt AsSe (V) [RS8k MBI H0R & 8 TAERT, BT 85" —Se (IV) —#fIR —JTik.
KR FHERT BRI SR ARIRICHE; A (V) 5 X—IZOLH TRENT (XPS)

mESES  0614.81; S153.6; P578.4

M NKMEYLFTHHMEITR, Eam
il 2 A 4 AR iedlae . dim bt =25
AL AR OR AT SR S . R
WP, MRS B & . FE AR NS . I
Bk L FAEFREE R OR RIE 25 T EA
KR FREEAT R A S 7 AT, AF R
ARG A AL R0 2 TR il ) B i FIRAPIE S .
R ER (Se(IV)) & THEm s WL, HAYA
MOMER R, R BB R Y ISR
ALY . AP AR 53 AT S A A AR HT, 52
ST ) WA R S A A WA ok L L AR BN
JEPE R 2 R E B E AL A, T S A FTE AW
Bl e A= Z2 A L VE T, AT e 7% - BT %) JF 25 43
A LT A b S A Bk A B R R A

Xk FRIZES A

P, It —E B s AR Ak
- B B — AR W A A T T Y Al
BT, SR SR OC R M T Y W)L B e ik
MBI T W, BRSE A — g A
1% 52 A 1R 500G A0 B 0 R AL, A B TR
AT A SR %) b BR b 22 AT o

PRk 2 i w W R B AR AR, Tz
i T BHERE XS Se(IV) Y W% B K4 74
A Langmuir 7 #, 1 Freundlich /7 R & i b 26/
R A AR B R L0 B X Se(TV)
B W RN 293 B A) P, W RN S RS Bl
SRR P i W R BN £ G T O 2 R
(DDLM ) 2720 BF BB R B0 X Se(1V) i1
R 2 A0 32 22 g B U Y BB C A2, T AR & BT S Ak R X

*EFEARPIEREESTH (41561053, 41261060, 21565013 ) %) Supported by the National Natural Science Foundation of

China ( Nos. 41561053, 41261060 and 21565013 )

1 i HAE# Corresponding author, E-mail: weishiyong2007@126.com
EFEA: £ OB (1992—) , 53, BdLEXA, WiHiroea, FLNFEAME S HEE2=0F58 . E-mail: 1750620006@qq.com
R B T: 2017-10-09; WeEIE MRy HIYT: 2017-10-26; MeBCF LAY (www.cnkinet) @ 2017-12-26

http: //pedologica. issas. ac. cn



400 + b

¥l

55 %

Se(1V) Mg B L XU P Bl e 437 g 32 10 2224 X
SRR 25K ( XAFS) 43 Hr B, Se(1V)Fl
Se(VD) P Al 5 58k 2 1 w4~ LA 1Y) 52 388 Bl
SUZAFBRAC &, AT R 5 T8 T4 (010)
w2 R R A ML B, TS
HEE 3R 00 2 RNT5 YL W A AR R ORI 45 A
Py 27 Coppins M BESE Bon, AR AT L
8 T L T AT ) PR A ARG T /A STk o A R
ST (9 0% B 2 i G 23 R el /N TR R v 0
AL ORI O i M C/O LB Y S AR
W A R A A RE T P00 L BRI BoR, JE AR
i HP 7 R R G 3R A A R R AG  ad A e
VEHT, 10 32 T F H A7 2 7 — 58 AR R 40 ok W o4
FH 2300 R R O BTG 4 B o B S 2 T A
Se(IV)FISe(VI)REME 1E 5 5 [ 45 ke i AH 218 1 PR A~ 1R
L ORISR I R B A s, BT S -4
R R Y A A D0

AL, S AR AR A RS i R 5 A 1 AR AR
RV EE AT PN S ot L k=R 1) 1R
MAFLE, BRI A 2 Fh FOWAE FH A% e i 45 1 &2
AUl R, AL R A A R R
SR T A Bk TR Ak kR T, R Ak B R
PEBE L A R G 5 i 4Rk i 2 T FRAE
PERT, SEma R R . AR . DOTE SR AR,
AT 32 il — 6385 3% 0 K AN A B 15 Ye Wy 7 £ 338 v Y Tk
TR . AT IR A e D 2 AT LU
Wi, AP B—J B TR S A X TG 114 W B T 1R
Tvi] F P B B B 7S, SR, Y2 A T R LA 6
XTI HGE . it , ARWFSEEIE T EHR
R —SARERR &2 AR, IXT LR 5 5T T EAT
5 Se(IV)AHE AR FHBIHLET . X e 58 A B TR A
fiff - 498 SR Ak A — S B R 52 A R 5 G ) AH B AR o
B, LA R A 900G A 0 s 1) A B 4 AR S Rl
TORFRRL ARG, X E 3 s L HEEfbes L Al
o S A H 2

1B S

1.1 REH R

BT AR 24 0 A M el g . 4l 7K P R 4l K AL
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B 75 i ke 3 — B0, g MR BR B RE AH OG0 R A /n g3 i)
}0.179H10.308, R*5+51°40.914710.980, #f I,
e e, B AR Se(IV ) Y fi K WG 25 & A
W 565 S R T AR ek )N o MR SCRR [ 34-35 ], &F
R S T 19 A R far 67 L R D R D 5 B 2 O
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W3R, 3 Fh LA A T k40 3 1 2 B A7
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0.0 0204 06 08 1.0 1.2 14 16 1.8 2.0
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(C, mmol L")

BT EHERAT RIS A PR XS Se(IV ) I 46 T M B 1t £k
Fig. 1 Adsorption isotherms of Se(IV) by goethite and goethite-

humic acid complex
A 45 T W B 8B B IE A FH LangmuirBE R E, 1
Freundlich# A58 & 4 i 52 AKX Se(IV ) 1) 25 T
B e . X R XE Se(IV ) 45 it W Fff Js T2
T 2 TP R BRPAE T, T S R T 114 22 J= W
S AR Se(IV) ¥ 2L AR

F1 ST MESERRMSe(IV)BERKMIET IS S E

Table 1 Fitting parameters of isothermal adsorption models of Se(IV) by goethite and goethite-humic acid complex

HE Langmuir Freundlich
Samples O.(mmol gy b (L mmol™) R’ k (mmol "™ L' g7") 1/n R’
EMEKA Goethite 0.202 34.72 0.970 0.206 0.179 0914
R — B8R 2 5K Goethite-humic
0.159 5.42 0.932 0.132 0.308 0.980

acid complex

TE = O, 7% 718 W B 750 X A% B J5 ) R 0% R 54 5

by 5 0 B SRR T e 25 REAT DGR TR KO S MR AR AT OGO R R 1ol S

[ 5 3 AR 5 1) & BN otes . O, stands for maximum adsorbate capacity of the adsorbent; b is the constant related to affinity and binging

energy; k is the constant related to adsorption capacity; 1/n is the constant related to the adsorption intensity

2.2 IRMi{KRZAIpHFAZeta B {L

MR SCER [36 ], WAlFRIN —Z . gk
IR 3P HA M LR = (4) At (5) .
H,Se0, ==HSeO;+H" | K ,=2.7x107" (4)
HSeO;=—=HSe0: +H"* , K ,=2.5x10"7 (5)
MR (4) fst (5) iFEEBxR, HpH=4.0
i, KZEH [SeO; ]/ [HSeO;] =2.5x 107, i
[ HSeO, ] / [ H,SeO; | = 27; X4pH=5.00f, {AFK
1 [ SeO ]/ [ HSeO;] =2.5x 1072, 1 [ HSeO;
]/ [ H,Se0; ] =2.7 x 10>, A5 H Wk B4 52 19470
ApHN4.0, WHSe(IVYLUE ( Se(IV) 41t 1k &
412.0 mmol L' ) £k AR A 1R B B IR W pH >
Bl k4. 442, v, FE2FPEE S A I RRHA R
Se(IV) EZLIHSeO; TEBAFLE . 5 W HA R w1 4R
pHAA L, W Se(IV) LG &1 R & TR 1) B 17 T

pHAM BITHE T0.4810.2, HEZEHF TR . FE
h R KR L 5 HSe Oy Z M AAEREBC A RN, F
S5O B B rf OHL B B 1 AH 2% T A VAR . T,
J N A R T HS e O 5 4% i 2 T A5 5L =2 A 1 il 5 )
LA 2 TR T B Se (V) I FZEHLSI . S5 L
B, BRI RGN PRI H R, XSe(lV)
MM EE N, BRG, B AR Se(IV) LU 7K &
I pHAE fb o AR X470

FE 5 FETH Y Zeta i i —pHE R 128 L 1K2, T
FfSe(IV)LAHT, FHEkom 4 (IEP) H7.0, &
HIAIIEP < 3.05 pH=4.00f, PRI I ZetaH
B4y 59 H46.6 mVHI-40.5 mV ( [®2a) . AL,
W o 2ok B Bk e T S B B 2 R AR AR R R 1Y
Frr gy, R A AR E S BB 2 B AR
FHLHE R AR, X EE G ARXTSe(IV ) Y M B 25 it
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TS WIENZ — WHSe(IV)LG, HeEku
R MIEPFRARE 4.5, EAIRMIEPTISRIET3.0;
pH=4.00f, HZetaML {53 57.52 mVFI1-38.7 mV
(E2b) o TEW M IARBIWI GG pH=4.00 51T,
W B Se(IV) LU BT K T ZetaHo A7 FE AR 1739.08
mV, RWHSeO, S R Z M FEHE 5] 12

LA . SR 1T, pH=4.0 52 SR [l Se(1V)
DU KT ZetaBL A7 R FHE 71.8 mV, X F
HSeO, 57 £t i far (14 52 5 1A 3 11 1 4 72 3 22 (1] ]
REAEAERUA BCAL, B0 b v B B8 2 A R i
BOH MBI Kt I HSe O, AY2M% . Ik, W RHE
SEE A REI N Zeta (7 IE A THE o

40
60 b )
—~ & —— §}4k1" Goethite s —— g iﬁg Gge%;l:ﬁzﬁAw
> _ —t— Vil 3
L —t— H A L A F 4=
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2 320t
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Fig. 2 Relationship curve of pH-Zeta potential of the samples (a. Samples before Se(IV) adsorption, and b. Samples after Se(IV)

adsorption)

2.3 HRABX—H&LETFREE

2.3.1  AFERE IR B Se(IV) R G B X — S £t T
A &3 MW B Se(IV )R J5 4188 F fiFe2ps),

PIXPSHEEL, Zriedl & %l LBy T3R2. W
MfSe(IV)RTEF 2k B K M Fe2p,, A XPSiE & (K
3a) 1, FeMMF45H5HE (B.E.) MIE(EH NT711.4
eV, W LM Fedy N IE =M BFe(IID),
RAEFe() AN T = % BE W 22 57, KR4
W R M Fe( )53 3R A L2238 55, 4 %1
HAIEFe(I) . A AL AKFe () F14 Ak 25 I
FEe() P70 Syl A Mg b, BUEEME R
711.5 eVEYFe( D) r 5 & 5 8™ K i A fEFe (1),
HE®EN491%. SARMEFe(MAMH L, B.E.IEE
H710.5 eVIFe(I)MAZIME TR R, H
AAE MK Fe(l), H&EEN13.6%; 713.8 eV
IFe ()AL F 2= % B/, O Ak 25 I
Fe(lll), H&HHM37.3%,

R I B Se(IV) L5 R I Fe2p,, A X P ST &l
(E3b) 1, Fe2p,,IB.E.MEENT711.0 eV, £
W B Se(IV) LG dl R T 1 Fedls A Fe (1), 43Ul
G, SRS, AR A E LS Fe ()

BB.E.EE 4354 710.0, 711.281713.1 eV, HAHf
e MIN13.3% . 46.1%F140.6% ., 50 f A
AIEL, W R Se(IV) LUG Bk 26 1 2 Ak S R I
AHE A AL S i 75 Fe () A BLE 6 43 1 FE AR T
0.5. 0.3F10.7 eV, AU, #4885 Se(IV)RIAH &
PRI T RIEFe B F =% B . MRS SCHR [ 41-
43 ], MR 5HSeO; Z a1 B A B /R ML 24
$5E M =FeOH ' Fe 5 HSeO; H1Senk O [a] iy it {7
YRR TE FAar A B4k 3R 1H 5 HS e O 22 [H] Y i L
g1 7. 2 W RS BB F 5 HSe O 22 ] il B 58 i
DL EAE D (B R TH R EEH)E - 5 HSeO;
BRILOJ T Z M Ay &5 T sk R R IO 1
5 HSeO; T EHE T2 R8T ) 5, Hii,
FMECAL, s A 1ol S84k £ Fe
W HL 2 % BE RGN, i B A8 4t R AU T nT R
KR mFeM LT %8, AT, FH0 I kSe(IV)
i, A ZFEHALR AT 5 ERMFerB.E. & A A
AL 3T R B s, R IR Se(IV) LA
J&, RIMFer)RMB.EAEA BT, X &P KA
. SHE T FAERE 5] 5 e W B Se(IV ) A 5 %2
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Fig. 3 X-ray photoelectric spectroscopy (XPS) spectra of Fe2p;, on the surface of goethite (a. Samples before Se(IV) adsorption, and b.

Samples after Se(IV) adsorption)

F2  §HEEH REFe2p,, M5 IEILE HIE

Table 2 Fitting data of sub-peaks of Fe2p;, XPS spectra of the surface of goethite

HLTE 5 RE CE

Binding energy (eV) Content (%)

YR

Ascription in form

710.5 13.6
711.5 49.1
713.8 37.3

FAL B KFe(lT) Fe(1ll) oxidized on the low side
AMEFe(Il) Intrinsic Fe(Il)

A AL Fe(M) Fe(IM) oxidized on the high side

P 4 Sy S0 AT R RN B Bk T 2 1T W B A A
Se3d;, IXPSIE Al . VA R #h AT BfE 25 Se Y Se3ds
B.E.IE(H 4 458.7 eV, JIEPUM. Das% ' HF
FERW, B WL Se (VI B 7E JH 2 18 T Wl T gk
K 40.31 nmf¥Fe-Seft. AN HFME LT £
M Fe 5HSeO, T iySeZ M fEE B AE T . X2
TER TR Se M i T m % E, F3(3d,,B.E.IE

251
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| —o— Bt Original data 3 T
— A%k Fitting curve
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f
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ET . KA, WRTEE B R & R T Se3ds
UB.E. W fH JL-T-oR & A28 Ak . 33X R B ET 8k W Fff
Se(IV) B A-7E HAUAE HIHLH] (A 2km 32 w2 ik
O+ 5HSeO, hBEHHJFE T Z A5 1T ) Al fiff
Se3ds,B.EME(EREAR . AT UL, SR Se3d;),
MIFUB.E (R 24, (HIFAREDEMIHS O, Y
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Selenite Adsorption Mechanisms of Goethite and Goethite-Humic Acid Complex

WANG Rui XU Haijuan WEI Shiyong" FANG Dun YANG Xiaohong
( Department of Chemistry and Environmental Engineering, Hubei University for Nationalities, Enshi, Hubei 445000, China )

Abstract [ Objective ] Selenium (Se) is an essential micronutrient for human and animals. Ingestion
of either an inadequate or excessive amount of Se tends to lead to health problems. Bioavailability of
Se in soils depends on its forms. Iron oxides and humic acid are important components of soils and may
interact with Se through desorption/adsorption. Iron oxides and humic acid in soils are often cemented
together forming aggregates, thus significantly affecting translsocation and transformation of nutrient
elements and contaminants in the soils. However, in-depth knowledge about the effects of iron oxides-
humic acid complex on speciation and bioavailability of Se in soils is still rarely available. [ Method ]
In this study, goethite-humic acid complex was prepared through a modified co-precipitation procedure
for analysis of selenite (Se(IV) adsorption characteristics in aqueous solutions through a series of tests,
like pH, Zeta potential and X-ray photoelectron spectrum(XPS) and isothermal adsorption. [ Result ]
At the initial pH=4, the adsorption capacity (Q,,), as fitted with the Langmuir model, was 0.202 mmol g~
and 0.159 mmol g ' for goethite and the complex, respectively. The Langmuir model was suitable for use
to describe isotherm adsorption of Se(IV) for goethite (R’=0.970), while the Freundlich model was for the
complex (R’=0.980). As for goethite and the complex, the isoelectric point (IEP) was about 7.0 and less
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3.0, and zeta potential at pH=4.0 was 46.6 mV and -40.5 mV, respectively. X-ray photoelectron spectrum
(XPS) showed that the electronic binding energy (B.E.) of the Fe2p,, on the surface of goethite and the
complex was 711.4 eV and 711.5 eV respectively, and the B.E. of the Cls on the complex surface was 284.8
eV. With the initial pH being 4.0, changes in interactions between the samples and Se(IV) were embodied
mainly in the following aspects: (1) pH rose up to 4.4 and 4.2, respectively in the suspensions of goethite
and the complex, while surface potential decreased by 39.08 mV in goethite, but increased by 1.8 mV the
complex; (2) B.E. of Fe(Ill) dropped by 0.4 eV on the surface of goethite, but remained almost unchanged
in adsorbed Se(IV); (3) B.E. of Fe(lll) decreased by 0.3 eV on the surface of the complex , but increased by
0.6 eV on adsorbed Se(IV), and the B.E. of C in C-O bonds rised to 286.5 eV. [ Conclusion ] The complex
is lower than goethite in Q,, of Se(IV) and affinity for absorbed Se(IV). But their adsorptions of Se(IV)
occur mainly through the following mechanisms, i.e. surface coordination reaction and hydrogen bonding.
The electrostatic attraction would contribute to improve the Q,, of Se(IV) on goethite, while the electrostatic
repulsion was the reason that decreased the Q,, of Se(IV) on complex. Moreover, for surface coordination in
the complex, bidentate coordination existed between iron hydroxyl groups (=FeOH) on the surface of the
complex and HSeO; . In addition, the adsorbed Se(IV) on the surface of the complex interacted with both
goethite and humic acid, forming a goethite-Se(IV)-humic acid ternary system.

Key words Goethite; Goethite-humic acid complex; Isothermal adsorption; Selenite; X-ray

photoelectron spectrum (XPS)
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