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Fe(ll ). SR -AHBRESY R ER N
REZHELETERAR

EEF, FEIC, bat, EES, FRES REETT, &AM
L AR T KRR ER RS TR2EBE, T M 5100065
2. JURARABT ARSI S LIS /AR R s Y S 1B R A TR O RSO IR SR SR R I
TR T 5106505
3. P ERE R BRI T BT B bR 2 R R S0, B BERH 550081

E Fe(1l) SHAAY A AR RIS BRGER A B0, SRS T3 h & AR A R A7 2 0 H TG T Fe(11)
SRR AN EAE b ER AL AU A, o SR, T IEIREE T, BRI R HLBT R 2455 02 U S e - A LS
(Fe-OM ) E&Y), MHIU AT RE S WAL TE RIS IT, Fe(dl) YEFIT, Fe-OM & &M ALY i A S L
YERIBLHIBE R B =2 RGMERTTE . I, IZSCALT R SR 59 (Lep-HA ) AWFFEXE , Jlid 3 NBISEE, 1 Bkt
FE RN ZRPRC KL XRD, SEM. XPS 268 WA RIET-Be, WS PP EIRESAT T, Fe(1l) 5 Lep-HA EEWAHEAE AT
388 TN A AR AL B 3 T B AL 25 W . Fe(11) 5 Lep-HA B AW AT S LR BRIF T35, Bk R T A0 BOoR 1] 1K 64.31%—
91.82%; PIFF3CHHEZ Lep-HA EHY C/Fe LB, C/Fe HHIMm kIR TS E AL, Lep-HA E&Y T
TR AT S BRI Fe(11) FELFERD R M55 4E ], 9] Fe(11) 5 Lep-HA ZIAJA T Ac#eil4¢ . XRD Fl SEM 434t
R, SR AR T L RAREL A R — O i R s SV 30.d I, AAHLT R SR A TR, ANTE LA Lep-HA
HEYIW KSR, A s AR 0 K ORI SR BIET KA . XPS 04 R R, VS Fe(ll) I SiH#IRIL M Fe-C
fitik, H Lep-HA 54t C-C KM= H 86.17%F%E 69.86%, T 0-C=0 H:H & 13.86%HE 16.13%, LI W5
SRR T Fe(l) 1 Fe-OM Z A WAHEAERIRHRAL2AHLE], AR AZRR 138 Fe il C TR SR IIER
B sRA AT R —E A AR
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BRAAALY R A B TR Y, R
AR . BAREEENIRAET YRR —
(Cornelletal., 1996 ), HFMmHM . HiLLRERE
ML LS RES | L P B TR . APLELL
K5 Qe R A Y iR (b2 72 (Borchetal.,
2010, FHAESE, 2021 ), LA ARAST & I ( Hansel
et al., 2005 ; Katz et al., 2012 ), &L
Fe( 11 )(Fe( Il )aq) FERA LY Z (B (R AH BAE 2 £+

SEERARER 0 B L AR, Fe( 11 )ag W BHE R E ALY
RI, BT RAAEEE, 4 Fe(1l )ag HIHLF1ZE E
A B S —RE, HSREMD SRS
Fe(I)(Fe(I)oxide) AAH TS, BAMYE LR
IR, BJE REW YRS AR, AR
rh, MR ESEE T (W Cd, Cr. Sb %5)
AT T E B A A EE R, TR
TR KA FHYE (Wuetal., 2018; Burtonetal.,
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2019; Liu et al., 2019 ), 57+ 3G A2
Fe( 11 )aq FVER ALY AC B SO S2 HEBEFA G A (R AR AR
HATEZEWN RS

TN ZH SRR, PAEY AR AR
AR AZ BN IEAE I A B an A AL . A S B
M), AL EZ (Wuetal., 2018 ),
BHUSHE R 30 o — B o, BRI
SR, SRS ASERSCERTE YR E REAT
FEHEA AR MR, 2B, S IR
IR vh A PR A G0 AR AR A A 3k 1) A B
( Huang, 2004 ), Lalonde et al. (2012 ) #3573,
TEDURRY S KRAH 21.5%+8.6% A HLEK B 118
S IEPINE . B A EER SIETERE S, FRDE
IR A LRI P B A, AT sE i A LS i)
etk kz, AR S E SRR LR 520w
FAEREA R TITE, FEE AR SERE Y P
Wi ANELAL (Kaiser etal., 1997 ), Chenetal. (2015)
XA C/Fe LB T, SHRLIRXT Fe( 11 )aq FIKER AH
HAEFPE W T 2B, AW AT SRk
B R TGOS, BERIFE S Fe(ll) Fo AR E
YER, FHAS Fe(ll) FKERW Bk, e &
Fe(Il) FIKEA 2 [B] (4 HEL 1532 R - 5e it 7
PN K B 1 5% A& 42 . Thomasarrigo et al.
(2017 ) FIH RIS 2R 7 B8 e A0F 5% 58 2 SU0E I 1R Xo)
Fe(11)aq VER T /KERA PRI AS I, P FUMERE IR
TEKERA R ETE IR T Fe(IID)-AHURBCAAA, DIk
T Fe(Il) Sk RIAHEAER, MK e i)
YIHEALISFE . Zhou et al. (2018 ) XFA[E Fe(1l )y
YER T /KRB - E Je i B SR A LR & Wik
HATII9E, K Fe(ll )y SR AW ZIRINFT KA
R RS B, (AR R T A AR R A

ALY A FLE R b P R 24
RS, BB AR E &1k,
HAYURWMAATER E 50 Fe( 1l ). AERE LY
HAEM, M - bk | AR AR . AR,
HESCTABLET . Fe(1l)a MIEEIY 3 #ZHR
I ) =B FEAT S T AEA BB AT Fe( 11 )aq FERIVEM
T, KR AR AR R s B2 Fe(1l )ag FIATHILIT-
KT EEYWHAHEAYER (Chen et al., 2015;
Thomasarrigo etal., 2017; Zhouetal., 2018 ), &%
n RS F AR XA R B a7 ™ . k4
TEA PSR T IR T A= RV

ARG AMANT F2 S AR ( Lep ) FIHIEIIR
J HbRgAE AL, &R C/Fe LIy
R -TBIRE 5 ( Lep-HA ) /EABFF NS, F)
FHEkFaE R ZFRiC A XRD., SEM LUK XPS %55
YIFRAEF-BL, 15T Fe(1l )og 55 Lep-HA 28 HAEH HH

AL R S YA AR R, DI 10
W Fe(1l)ag. AP ALY A SZ HAEHIBL
il PAK Fe/C G IRIL A1 7 A S Al

1 WRIRFE
1.1 KFIS5HR

SEY 2 rp R A &ALk | 7S 3 PO |
WAEERY . RAA BN 2R Y o e, T
ToMAR2ARG0 ) SR (HA, 4iE>98% ) IAT
HREL, YFe ¥R (W H isoflex, 4lE>95.0% ), Wk
% 1,4-_Zfif%R (PIPEs, #i>98% ) )T sigma,

STFe( 11 )aq BRI 2T . FREX 342 mg AR
i) 3'Fe(0) EF 100 mL PEMIFEH, SEhnA 3.6 mL 5
mol-L™' ff) HC1, FIIA 4.4 mL #4li/K, & TR
PiFEas DoisE Ew v, oIBIER, RAT
AZE 60 mL, HEIFKEER 100 mmol- L' AYIAFRAS
STFe( 11 aq fiti 559

HHESCHR (Yenetal., 2002; F48I4E, 2017) 19
ITEA A (Lep) & 0.3, 0.6 F11.2 % 3 FiR
[[] C/Fe B Lep-HA EEY (J5HE 4350 Lep-
HA-0.3, Lep-HA-0.6 Fll Lep-HA-1.2 /58 ), EARRY
B RGP BT FoR : 43 FREL 0, 0.63 ., 1.25 F12.50
g BIRRE T 50 mL #ali/kH, A 0.1 mol-L™! [
KOH #WHTY pH & 12.0, #HEZ MR (HA)
SELVEMRE, # M. B 16 g TKGEAL TSR, 22.4 g /N
MV SEDUREAN 5.6 g SERSERAN 43T 400, 80 F
80 mL KB /KA, K 3 FATRS IR
FRVETIR A IEHEFE 5 min (VARIR A2, HEE
F 60 CABHIN 3 h, BOE, 18 Lep &
Lep-HA Z AW ; fcJa W RER TR VR T8, I03 0T
PRBES T o
1.2 XLIEREE

ARSI 1A LA R g S5 7 DR SR AR E AR Y
(Type A, Coy Laboratory, 3E[E ) #471, RIHETHT
HIRWH Ny (4l 99.999% ) BE S 2h UL L, B
J GRS 2 IR AR A 24 he

RBEAE 15 mL A i T, FF7EIREUE
A GEGETE VUG LA R PRI B . 7R 15 mL
BB RO PIPEs 22 miAW . AF80 5%
Lep-HA &AW Fe(1] )og I, )i, BV ES
DS AL, B8RS ERN . R
F5 25 °C, WA 10 mL, PRIk
W2 0.02 g PeE ALY, 25 mmol-L ™' PIPEs 2% il
DI K 1 mmol-L™" *"Fe(1l Jago SEWRAEMITAIH 6h, 1
d. 3d, 5d. 10d. 15d. 30d, HHFE]SHEE 3
APATHE

SN T B E IR, ZEDRAAE TR
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BEAERGH 1.5 mL ROVAESE T 2 mL B4,
10 000 rmin~" #43# B5.0 15 min, 3T ENCE FIEW,
HFaPrliEs S e, B, AR E AR
A 1.5mL0.4mol' L™ () HCl )5, Z% 10min, &5.0
g, W LR, AT S A R &
Ja TR A R A S A 1.5 mL ¥k HCL % 2
YA e VR, TSy e, [,
WA WA A Y 8.5 mL KRG A A, IFEST
RO, T a5 . JESEIHT .
1.3 AERESHESERRLALZEHRD T

SRS AED MR M AN RIERS (RS2 L I
BZSNEEAZS ) 1Y Fe(1l) AR EARRY &, 4 Fhia
NI ZE (*Fe, Fe, SFe K %Fe) HILLBISHT R
FH H B A B TR B4 ( PerkinElmer ICP-MS
NX300) B KED #1550 0r (XIRINEE, 2016 ),
FESIRERTEE A 0.1 mol'L™ HCL B 4 bk Jir
FiBE 22 0.5 pmol- L™ LUN It B f5 U vl & T H 3k
FERHRFERIEA TR , Rrilvam s A shilb B (R
DI SANRRL ) W, RLOEASAL, A
Zead = GORAFEHEVE ARERE L PN SO o Rl S R A
7%H) Hot93%M He (AR 3%k, 4R 99.999% ),
SN 20Psi, DIkt Rl oK OYAr Al
TH'OYAr XHIA T4, R, MR3EFEAZ A A
BITE Fe JEF3c4 (XIRIMAE, 2016 ),
1.4 SHMRIMEFE

X S S AR S AT X SR AT i oy
Hr (XRD). H#HEHT (SEM) Fl X FTLH T
RETE A HT (XPS) FAE, BRIHRAEIY LS AR 1)
Bk

K1 E Brucker D8 AXS A X HHR My K75}
SO R B IAT RS AT RAE, R 40
kV, EHI 40 mV. FFEEE 0.2° min™' | FHHE
Bl ol 6°—85°. K 0.02°, RHIEEZEH] ZEISS
Gemini 300 94 HL B W RUR A TIE S A, inse
JE 0.0—30 kV, 10 V ksl 8, #REFRR 3
pA—20 nA, >KHI3E[E Thermo fisher Scientific K-
Alpha X SR TRERH AT, PRIEA Al Ko 4
28 (6eV), MWEEN 150eV, K 1eV,

2 H#REIE
21 AREFEE Fe()shhz

EATFF R, Fe(ll) WRIE RN Fe(1l) Fgk
FAAHEAE R EZ R ZE (Chenetal., 2015; Liu
etal., 2019; Zhou et al., 2018 ), ASCX} it
HORFEDER Fe(ll) &2 kit 1500r, Ha R
1 rne ] 6 hJ&, 4 FPAbEA) Fe(Il)ag 7
Pk TR, 29 0.9895 mmol L™ FFEH| T

—a—CK: Lep

—e— Lep-HA-0.3
—A— Lep-HA-0.6
—v— Lep-HA-1.2

-1
SFL,(H)/(mmol~ L)
[en) —
% =}
T

e
(=)}
T

N
IS
T

U A Fe(IDIE ¢ que0n
S
[\ )

00 Il Il Il Il Il Il Il
0 5 10 15 20 25 30
ffa] o/d
Bl 1 Fe(ll)., 1 Lep—HA & M T2 HifFE 75 Fe(ll)
REZWK

Figure 1 Aqueous Fe (II) concentration during the
interaction of Fe(Il)aq and Lep-HA compounds

0.5320, 0.294 1, 0.2182 F10.171 0 mmol-L™!, X W]
fEJEH T Lep Ml Lep-HA 1Y% 1a W [t /E H 51
(Chenetal., 2015, Thomasarrigo etal., 2017; Zhou
etal., 2018 ), Thomasarrigo etal. (2017 ) 55 & FL,
48%—84%[1) Fe(I)aq M HE BN 2K ERH-AHLET R
BYRRm L BEE BT, TEAUHA S b3
(CK) "', Fe(ID)aq i EIAHXIFE B EH, TER
N 30 d i, Fe(Il)ag 254 0.500 3 mmol-L ™', Tfi7E
Lep-HA ZbBEH, Fe(I)aq 7 & H SN2 L TH
Hrf Lep-HA-0.3, Lep-HA-0.6 il Lep-HA-1.2 4b#H
Hr, FL Fe(I)aq & 4000 L FH5] 0.3950, 0.3455 FiI
0.2274 mmol- L™, XA AEREH T Lep-HA ESW7E
Fe(Il)aq 5T T KAV B 45 it B, (15 JOT A BfF
1) Fe(Il)aq A MM, TR HI SR ( Thomasarrigo
etal., 2018; Zhouetal., 2018 ), Guetal. (1994 )
5T 2 B S8 AL P F A AL — 3 nl il o e AR A8 4
VEFRBEATUREE, L HE B AT 5 BB R W o 25005
R FE— W EN, AL R, X Fe(Il)
HIWE R A o PR, ZEARBFFEH, Fe(Il)aq BB i
Ffi C/Fe FLETmein; Lep-HA -5 A L&
AR, R Fe) i (1),
2.2 A[EHESH Fe FrEAM LS

JARVT Fe(Il)ag 5 Lep-HA E AW 2 WA H
B, ARHFFELARICH SFe(Il) WIS Fe FasE i %
HARFEREH AT Lep-HA B EWHEATIR N, FFXTiE
BEEMFREST Fe R RZAM BT T0Hr, H
EHL R 2 FE 3 . mE 2 AIA, OVTHT
KRR Fe 19 4 FRUERII R (**Fe. *Fe. *'Fe
F1%Fe ) WLLHI f>*Fe. f>°Fe. f'Fe. f*Fe 5l Hh
0.0012, 0.0429., 0.9425 F10.016 4, Tkt Y
AT, RFR AR ZR B i A A B R AR A, RS
6h, Lep. Lep-HA-0.3. Lep-HA-0.6 il Lep-HA-1.2



780 AP S 31 &5 4 0] (2022 4E 4 1)
1.0 (A) Lep 1.0 (B) Lep-HA-0.3
ES @ @ N A S
=2 08 == 08
E B 49—54Fe E kS ‘
5 g 0.6 #23% g g 0.6
?::L;L 0.4 iSSEZ i: i 0.4]
T E Zo2
ol t——————3 gty & & 3
0 5 10 15 20 25 30 0 5 10 15 20 25 30
78] #/d IS 1] o/d
1.07 (C) Lep-HA-0.6 . (D) Lep-HA-1.2
8 os e 9 _ E o —<
% g 0.6 i:é g
BE 4] ¥ g
% § 0.4 ﬂf_ﬁl L;
2021, Eg
ol ———4 ° —_—
0 5 10 15 20 25 30 15 20 25 30
N 1] #/d 1] #/d
B2 Fe(ll). 1 Lep-HA & R 2 s B SRS E R R AR LB 1L
Figure 2 The composition of different stable Fe isotopes in aqueous solution during the interaction
of Fe(I)aq and Lep-HA compounds
0.08 K, M5B £°Fe T (Hansel etal.,
. 2005; Liuetal., 2019; Thomasarrigo etal., 2018 ),
=2 Kt — i SFe(I)ag KA T2t A F
T I “Fe(lloviae i1, ABFIRIHE TRIAT Fe R
5 g 005F ~O— Lep-HA-0.3 . EUSUINN .
* $LeS-HA-OA6 RAMIH] (B 3), RNATGERES T fFe H
-t T 0.0218, fEJZR 6h J5, Lep. Lep-HA-0.3 . Lep-HA-
= 00 0.6 il Lep-HA-1.2 ZbBHLH £ 57Fe G T4, 4331
0.02 ‘ ‘ ‘ ‘ ‘ ‘ A3k 0.059 89, 0.059 14, 0.059 06 F1 0.059 33, Ffi#
N SUSIRTIRGERT, it Fe [ AL LIS
. V2%, Z5GUFESHERIES T £°Fe A £ 7Fe 1
3 Fellh-Antep ) & I RAEHEIE 1o REACTTN, TRe( 1) WM E R AL £, JF
>

Figure 3 The value of f 57F¢ in solid samples during
the interaction of Fe(Il)aq and Lep-HA compounds

A BRLE HIR R £ 7Fe G R ZE 00958, 0.1256,
0.1478 F1 0.1357, i fFe BETHHE 0.8450,

0.8165.0.795 1 F1 0.806 7., K5 A S i i f2 H f7Fe
Fl f *°Fe BYARACARR KT FAe s FERONE 30 d B,

Lep. Lep-HA-0.3. Lep-HA-0.6 il Lep-HA-1.2 #b B
0 57Fe 43352 0.059 6., 0.067, 0.0734, 0.074 1,
M f3°Fe 435149 0.8812, 0.8732. 0.8678. 0.866 7
R, R P B AT 0, A5 ROt e, Fe(ID)aq Fl
Lep-HA {UU LA WM 28 GAE M, W Fe [ 3R
UL AN A 2 o SR, RS R UERH Fe(1)ag
il Lep-HA KA RE, WiEi7s Fe(ll) 5 Lep-HA &
G Fe(oxiae KB F 28t fe, WHHTE
HAEW LR Fe(la BIL— 1T A E G WEE
201 S Fe(Ioxide» “Fe(IT)oxide [EA FRf JE RS H

RN RE (| K R Y/ N TR N S = = )
STRe(ll); [RIBF 25425 S Fe(IIT)(Fe(I)oxide) %72 FH,
T, KAEBIFEA R CFe(1l)s, I S'Fe(Il)aq F1 Lep-
HA &Y S Fe(ll)oxice &8RR3¢ #id 2
( XIFRIMEE, 2016 ),

FIHARZ 4 Fh Fe Foe Al o7 28 4k L B B
TS RN AR R R R T ac e % (K1 4). MK 4
HRZEIR AT LIRS, ROV T 30 d B 4 Fpab B4
AR IR T3 3R WA E 91.82% . 76.71% . 69.69%
1 64.31%, FAXT T4 Lep M5, SHERAIMA,
SFEINH] T Fe(I)aq M1 Lep-HA E S WIHIASH IV ,
HFE#E C/Fe HufilsEr, MRk ¥ . Lehmann
etal. (2008 ) XA ML SERA Y 2 (RIS
Hzs [ oA LA T 5T, R BAT LS AT W B ] 5
TER PR TALEE A, DTS2 i ek S AR ) — R i
W FE, HK, Chenetal. (2015) XAHLFR MK
BT O S R AR B VAR LS AT
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100

80 F

ES
2
g
ol
B:d g 60 [
A5
ol
= g 40f
ot % ——Lep
o 4 —O—Lep-HA-0.3
g 20FH A Lep-HA-0.6

—/—Lep-HA-1.2

0 5 10 15 20 25 30
5] ¢/d
4 REGIRRPAEALIBANKEFZRE
Figure 4 Percent exchange of Fe in Lep or Lep-HA
during reaction

I R T | B ZEROR A FLBRAEVE R, 9] Fe( I aq
FERGA R, MTTFRAR Fe( 11 )aq FIZKEKD™
FIZE EAEHBEER . el WL, FEAREGE Y, #EL
PRI A R E A R S EE T2, FEIR T Fe(1l)ag
TELFER R (1), MITFRIE T Fe(Il)y
Hl Lep-HA Z B 9BR R Fac i
2.3 U YEHFARRS R

XTS5 N 1 Je B By a5 e A 7404, H XRD &
W 5 B ERTAL, AT A S (RN
HE) WYX e, HAEfm s — A58 (20)
fHM 16.28°,31.46°, 42.34° , 44.46° . 50.74° , 54.95°
57.76°. 62°F1 T1.52°4bA M50, 541k
FrfeRARRE . [, BEE C/Fe MOTHR AT SHIG K
SBRUEAR, R P SA BRI A AE SR AT R 1 45

inJE M ARG . R 235 93 B4k 4 Total Pattern
Solution ( Topas ) #AHA T ATHIE, & &5HT SO
A AISEL (a, b o) ML (R 1), 45010
7N, SRR AN B R T 2Pk i M 24, B
bl 2 G C/Fe LLRTHE , SRAR AR BB

*1 KMNAHTE Lep #1 Lep-HA £ & #145#3 XRD &t
The cell parameters of Lep and Lep-HA calculated
from their X-ray diffraction (XRD) patterns
ri S a RS H b A S
Cell parametera  Cell parameter b~ Cell parameter ¢
0d 30d 0d 30d 0d 30d
Lep 3.8684 12.5503 — 3.066 1 —
Lep-HA-03 3.8515 3.8663 12.5365 12.5347 3.056 3.0657
Lep-HA-0.6 3.8472 3.8667 12.5284 12.5364 3.0538 3.064
Lep-HA-1.2 3.8211 3.8588 12.4964 12.5283 3.0389 3.0571

Table 1

sl

Treatment

K5 o, 78 Lep AP, ZFEKA1E Fe(Il)aq 1F
R, Blimsr g kA O 15d B, 75
N 20.91°, 24.92°, 38.98°, 40.68°, 46.95°,
48.47° ., 69.83°4biZ it BL T kT (R IEAT ST 14
HAE 30d i, 2R BAET e AAR N ATt . Xl
BHLF R 7E Fe(I)ag TERF, AR AL SAHER AL, Ak
MR, MLE Lep-HA BHW, w7 EZA/LIL
B, JCEMERET R, HBEE OV PEET, 4T
SR X} o7 AR A S B SR TR T . DT S B T
SERk . [RlR, MRS XRD EEHEH SIS E (%
1) Al%, Jehi 30 d J5, 7€ Lep-HA BA YR
SHA R RN, 2 HAE Fe(og EHIT

lG: Goethite (EM ™) (A) Lep

o0

G | G
WWLJC;:.»JJ] luvuﬂwufii
WMMW

3d

‘JAW’AWAMJWMWM

(B) Lep-HA-0.3

N A3
I A\ W N VL

T T T T T
0 20 30 40 60 70 8

T T
10 20 70 80

1 50 0 40 50

200°) 20/(°)

(C) Lep-HA-0.6 (D) Lep-HA-1.2
L: Lepidocrocite (4T
L L L L L L Lot * ( )

N A Fobsod LA L 304
J\ M Mo 15 ) 15d
—v“"/\‘ '/\“W"/‘\“‘ N i~ 3d MM
10 Zb ‘ 4‘0 Sb 6‘0 7b 80 10 Zb 3b 4‘0 Sb 6b 7b 80

20/(°) 20/(°)

B 5 RMIFEHTHERZH XRD Bk
Figure 5 XRD patterns of the transformed Lep or Lep-HA compounds during the reaction
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AL LSS S T AT | ok ST R IZF 8™, Yan et
al. (2016 ) XFAN[F] Fe(Il) WEEAER T4 24k
e W S A AR SEA TS B, A6 Fe(l) KT
1 mmol L™ AT, £FE nl b R er 2km et
B 024 Fe(Il) 5T 4 mmol-L™ I, £F#ks ]
FCRERRE . AT L, 7E Fe(Il)aq MILRHRE N 1
mmol- L' YEFF, Lep Ml Lep-HA B &WI k4
ra AL, A A AT R

LA Lep F1 Lep-HA-0.6 Z & WAL R, %
N HTE A e T4, H SEM Al 6
Fio HHETEN, JEAG & e P, SikALr g &
TR . A/NER (B 6A), TEIIRIINA, 43
T LA™, HEM B2k 2Rim, M5 [ Lep-
HA EEWIESERAE (B 6B ). 10 30 d
G, G Fe(l)u VEF M AL, Rt
W AN RRIG/IN LR LT 2 A R
FAE R NA—REH A (18] 6C ); 1 Lep-HA E&W)
AL LA E (E 6D ),
2.4 HEEREREANTH

T i B g Ak AR A BORR  RR E E B L X
Lep-HA B GWE5HFAZ B, XV FTE Lep-
HA-0.6 E-&5 kST XPS 2081 (K 7). FEJELA
Lep-HA E&WH, C 1s fE45AHEN 284.8 eV Fl
287.6 eV H ISR (R0aEAy , 43U s TR ok
iy C-C #5LH ( Singhetal., 2014 ) F1 O-C=0 M
( Platzmanetal., 2008 ) ( &l 7A ). BlEE N AT,
TR AE M & A TR, XPS 53R 2R Lep-HA &
BYEAE C-C Fl O-C=0 M, {H C-C HH & &
M 86.17%%A% %] 69.86%, 1fii O-C=0 FLH M 13.86%
HEIME] 16.13%. iX AT g2 i TR &4 T4

ce (A) Lep-HA-0.6- 0 d (B) Lep-HA-0.6-30 d

(86.17%) c-C

(1383%) || FeC//

o.co0 (16.13%)

0-C=0

282 284 286 288 290 282 284 286 288 290

Binding energy/eV

E7 Lep-HA EA¥IRMNEIE C 1s B XPS kik
Figure 7 XPS spectra of C 1s for Lep-HA compounds
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L ( Platzman et al., 2008 ). Unnikrishna et al. ( 2002 )
FIFH XPS 43471 Mo-C %54 JE FCAARRT &8, H45 568
1 283.4 eV i B LT 4 JE Ffmeds & W 0 s i
B o AFRAERIFELE B T =i, HAEAHE
FEHUEAE Fe &mET, IHEWTFEA S Nt 72
AT REHE L T Fe-C M (& 7B ), HULAT L, A%
FR T 5 Fe(Il) JEARELR, Z 50520 T Fe(Il)yg
F1 Lep-HA E AWM EAEH S
2.5 RMHLHIIE

ALY A DUTUR SR A 2T,
WA M TTHIAILE GRS, SRR LA
Y AE IR LG RO T, S Fe(1l)aq 5
A - E S A B A RN
+ e Y (Huetal., 2018), BF5ERM, HHUE
HIAFAE, WE T Fe(1l )ag 559 MM E LYK
P BIAC EAE (Jones et al., 2009; Chen et al.,

E 6 RNBIEY#MEH SEM 5317
Figure 6 The SEM images of Lep and Lep-HA samples before and after reaction
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2015; Zhou et al., 2018 ), FEA P EHARNT,
IKERAATLE Fe( 1l )aq YEFH FHEAL AT 20 . £Hn™
%, MAPUSAEAEANE] T KR R Ak
TERREANURMERT , WS T /K Ee 1 Fs
b, HJR P F 2 AU S g Sy
WPENL S, BUR Fe(Il )og P4 4AVEH, BHEST
Fe(Il) AV LPriRefh, T Fe( 1l ). FIKEH"
ZI TR R, DTSR g e etk
o WARHIN) C/Fe HFEH A Y SCEE R &K

ARG E X Fe( 11 )ag MEFET - E &4
AIFH EAE G R T R B, BB SRR AU A,
Fe( 11 )oq 5 £F 80 A B AE F A R AR R T30 ekl 3
BREAY) RS B PR | SRR SR S K
AU (B 4—6), AEICHABIRIEAERT, KRR
Fe( 11 )aq FELTERA™ 101 A& A 250 WO, I 5 47k
H Fe(Il)oxide A2 AR T35, Fe( 11 )aq B E AL —
KUY Fe(Il)oxide, 10 HAFERA H ) Fe(I)oxide
PR R Fe(11), BEBNARH; fEizad i, &
BB WA AR (& 5—6 ). 11T Fe( 1l )ag 7EZF
B -EIRE S ROV R, 555 KR A
L, SRR A IS T B A AR AT
AR (& 1); HIR, Fe(1l)aq M58 BRI
FR I (BB e 25 B IE K Fe(11)-HA Btk (&
7), MBS Fe(1l) S£Fk0 (W B A, Ml
il T Fe( Il )aq AT 22 [ HL T~ 188 R S AH % A8 5k
o FER N RE Y, SABSIR M Z5 At 25 5 kA= 78Ak,
MRS EIR Y Lep-HA &G WIHF0E P

AL, AR AR ST FE R REH , Fe( 1l )aq 1E7KER
WM, ZAERTEdE, BEaEREky®
T A B AERE Fe(lll), HA& i M AIR Sz 2
TR A B S BRI R 2K ( Sheng et al., 2020a;
Shengetal., 2020b ). FEAPLBAFTERIIEN T, A
Fasg Fe(lll) AW RS — k%, 4w 9r;
MAEADLBAAEIE U AR E B Fe(l) %5
AU IR LT REAIMISS &, 2B Fe-C
BodA, 0T AREE Fell) (IF 3 B BA% L e,
DL R e A i o

3 it

i REMFRIREAZMT Fe(1l)ag 5 Lep-HA
REYRIAHEAER, & Fe(1l )y 5 Lep-HA BH
YIrb i Fe(Ill)oxide MY & AR 8RR ACH0 N S AH G AR 1)
R SHEIRAELE, TH T Fe(1l)ag SEFERH 1)
Fe(IT)oxide =Z [H) A4 J - 22 460 R LA Ko ) it AR A
MAt, HIHIEERS C/Fe Hof] (<1.2 BF) WGE
oo [RIB, SRR M AETE U T ™ 1
PR, AELEARLT R, SRR AT A AT ke A

R MIESISE I T, AR 4% ik
KA. ARSI AT R . I E
R FLBREE 5 Fe(Il) TR HLECR , /D Fe( 1 )aq
TEW PR T R, #0H] Fe(1l)aq 5 Lep-HA E &
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Abstract: The interaction between aqueous Fe(Il) (Fe(Il)aq) and iron oxide is an important part of the iron cycle, which plays an
important role in the geochemical processes of various elements. The geochemical mechanism of Fe(II) and iron oxides interaction has
been well studied. However, the mechanism of the interaction between Fe(Il )aq and iron oxide-humic matter compounds is rarely
studied. In the soil environment, iron oxide and organic matter often coexist and cooperate as iron oxide-organic matter compounds
with a complex composition and highly reactive activities. In this study, lepidocrocite-humic acid compounds (Lep-HA) were prepared,
and the interaction between Fe( 1l )aq and Lep-HA was investigated in the lab under the anaerobic condition by means of iron stable
isotope labeling, such as the XRD, SEM and XPS analysis methods. The results showed that electron transfers can occur between
Fe(Il)aq and Lep-HA with rates of 64.31%—91.82%. The electron transfer rate was affected by the C/Fe ratio in Lep-HA, and the
higher the C/Fe ratio the lower the iron atom exchange rate. Analyses showed that the presence of humic acids in Lep-HA compounds
could decrease the adsorption of Fe(II) on the surface of lepidocrocite, and further inhibited the electron transfer rate. XRD and SEM
results showed that the presence of humic acids in Lep-HA compounds also inhibited the phase transformation of lepidocrocite. After
30 days of reaction, lepidocrocite could be transformed into goethite by the Fe( Il )aq. However, the Lep-HA compounds with different
C/Fe ratios were recrystallized into lepidocrocite with stronger crystallinity and larger cell sizes. Fe-C bond was found by the XPS
analysis. The content of C-C groups in Lep-HA compounds decreased from 86.17% to 69.86%, while the O-C=0 group increased from
13.86% to 16.13% after 30 days of reaction. This study would provide a theoretical support for interpreting the geochemical mechanism
of the interaction between Fe(Il) and iron oxide-OM compounds, and provide a theoretical basis for understanding the geochemical
behavior of Fe and C in soil.
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