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Research progress on the stability of ferrihydrite structure and its application in arsenic fixation

YANG Zhong—lan'?, ZENG Xi-bai'", SUN Ben—hua®, BAI Ling-yu', SU Shi-ming', WANG Ya—nan', WU Cui-xia'

(1.Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agriculture Sciences, Key Laboratory of
Agro— Environment of Ministry of Agriculture and Rural Affairs, Beijing 100081, China; 2.College of Natural Resources and Environment,
Northwest A&F University, Yangling 712100, China)

Abstract: Ferrihydrite is the most commonly and effectively used passivator in ameliorating arsenic—contaminated soils and waters. Iron ox-
ides, including ferrihydrite, have a significant effect on the occurrence form and bioavailability of arsenic, and a strong fixation effect on ar-
senic in the environment. However, ferrihydrite can be easily transformed in the environment, and this significantly affects the treatment ef-
fect of arsenic. Here, we highlighted the ferrihydrite structure and factors affecting its stability. Furthermore, we summarized the interaction
between ferrihydrite and arsenic in order to discuss the feasibility of ameliorating arsenic—contaminated soil using ferrihydrite, and thus
provided a theoretical basis in this regard. We also discussed the amelioration of arsenic—contaminated farmland and safe utilization tech-
niques from the perspective of reducing arsenic bioavailability in farmlands.

Keywords : iron oxide; transformation; stability; influencing factor
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| BEZREBISRUKAKKT EH (a)  KEH SIS ERK (L) (b);Fel MIBAHI Fe2/Fe3 M5 EHEFIZ# ()"
Figure 1 DFT-optimized ferrihydrite structure(a) ; Calculated partial bond lengths (A ) in ferrihydrite are shown(b) ; Part shows the

layering arrangement of Fel and mixed Fe2/Fe3 layers(c)!
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Table 1 Examples of studies dealing with arsenate stabilization in contaminated soils using ferrihydrite and goethite
fifiyk i Ab IR )5 RO S5 ik
As concentrations/mg kg™ Treatment/wt.% Effect References
30~68 IR (2%) IKERA BEAR RS As . Cd Al Ph FRWR I [24]
EHEka (29%) ¥ Cd .Cu Pb . Zn [ 7
60~78 ek (1%) A As W PERRAR , PL R MR B8 R AT RN i AR 4G, TR REARERT As (I [25]
75~560 KT (0.1% . 1%) AR As WL T 59%~76% , $5 245 AR AL A5 & 75 As B i [26]
147.4~189.4 IKERH(0.05% .0.1% .0.5% ) FIRAS As B i FRAR 40%~52.9% , /NI 135 As 5 HEFEAIK 319%~61% [27]
1033 KD (2.5% .5%) WA As P2 1 32.(98% ), FEARALBRUK A 193 2 28]

IK =254 B HE 1) ST R B R R S A0 AR T
KT A AR BT R SRR s TR sS B 4%
T B ARG, B2, SR AR A pH
F2 35 PZC(8.7) AR B A R T oK 8k 10 R Bk e Ak
R Z AT FNF B R AR, KR AR A TR
FAL SRRy RS (1) USSR Y RN, FL 35 I
IR BRI I N 5 (2) G5 AR AR AR Y B, £
35 Top F AR FEEF T HE, 2k A 8] /) A B 55 1k
WPERER A TR D | T I T ARG R W B R 1 A
WA RO E RS e Mk AR Ak, DR AT 400 (%) 2 A ot e ) 2%
G 5 EEA EELW , KGR I 2R
PP S S e AT P S S A NP ALY Ey 3k
SEMIRI 2R, DADTAR G [ 2 75 Y -3 rp b i R0
3.1 imEFpH

Tk B S S M KR ) e A . FE 1 CI AR
PR KR 5 Ak 10% 75 % 2 4F |, 3% 4K 50% 75 %10
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WAL 25 h i Fe-O PR B 5 a8 g — 3", 7E 50~
100 CHAFT , B F/K 80 it OH 5% H,0, R4S 14
o 2 A 1 JiR - 2 HE, T AR N S A Y AR R,
X LEEE AL ) AR R BUKAR 1 H R RN, Bl S BR
B B As™

YRAEAEAN T, KA AR 245 T J3E Bl s ] (7 4B
Kmidgn, Hi Z AL AT pHY, =il A
pH A R FIE M ARERA % pH (2~5) Al 5 pH(10~14) 47
FIFEHZR PTG XS T 7858 R A SR Bl A5 1
Fe(OH )3l Fe(OH )1y & it i, BT FARAE I R 2
IR S L VA R —DTVE BT ER A S AL e T PR 2
T, 1 F Fe AR, KA T B K & Fe (OH)>, 4k 1
WK D EEHE T 1) SRR AL, HLR G b R b
pH A Tt 5 sk R AT B AR, KRB 7 25 °C .pH 2 4%
AT 3R 90 d, B AR 20 10% (B 7E pH 10 544 T ik

FINZEEAL BT 21 d¥, LAk, KR 7E 50 °C .pH 2
ZRAF TSR T d B AR R R A4 AE I
{B7E 50 C.pH 10 251 T 4557 21 h it i 3 iR wgsi i
B2 168 Wi b5 4. 76 pH 10 24 F L iR EE I 25 C
FHEE 100 °C, /KA HY G ALH 218 0 5 A Fhok g,
BIZE 100 °C.pH 10 5518 F 4535 3 hKEm e fb 58 429,
UEAE SR ST pH R MK AT X A [ 25 A [ 22 B
TIRE TR R A AL PR As™ B I Bt B % pH
(R BTN T 4810 (e K pH A 8~10) , X As™ (W [ Fifi pH
I REAR T3 I (Be/Ds pH o 3~5) , H. As™ R4 7 e i 7]
4 R A AR JEL . As™ N HBE Y A2 A ml ARt A
B 1A 2 1) pH O RIELAH &R 19 22 187 3 141« 2645 pH A5
T ASTFEK R R 1R AR AL B A% SR IT Y
H SRR, T BB SR R T LA 40 (A K1) 5 T8
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S HEEZ IR (] 2) B b i et e s (5K 2) |, BELAS
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Figure 2 Molecular structure of mono— and bi—coordinate surface
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complexes formed by simulating ferrihydrite (010) and As’!
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B Fe™, T Fe B IA JEH R , ALK BRAT & A Al
B AR R ER K AN A E] pH 7.2 19 2 mmol - L™ ()
FeCL AW 5 5% 132 h, B I KGA 1561k %K 94%,
AL =W AR R4 Fe® AU B 2 i 55 4k,
FERII SIS A Fe'/Fe B IR H<0.02 . pH<6.7 i}, 7K

B3 o R PR B AL 2 R 2T kAT 5 pH>
6.7 If , K ERA F- B AL R BT, HLATH kA A &5 5 B
& Fe W R I (A3~2A56) . 20.04<
Fe*/Fe™ BE IR HE<0.1 I, ZKBRA™ e AL B9 2877 W) O -k
W AP B R = (A7) o 2 0.1<Fe™/Fe™
JEE IR HE<0.5 1, KRB F AL A i k™

Fe> REAE 1L 410 Bk AR e 2 7 AR 2 AL RE 7 505
(1 =Mk, B S fl 2 48U AE As™ Ol As™0 AT AL o
150 13 UM R (0 2 SRR (250
8) b m e T LTS P A AL Fe i)
TUTE A O Y AR W) 2 52 W KRR A B 45 o R 235 1)
AR [ Ak 52 Wi X B ) [T < AE PRI R, MRS AL
PR AR AL Fe™ A K BR A, ol 55 it 1) R s 1 5 T K i Dt
PR K B AR 38 T i S SR R R

FhyOH(/K#:H™) +Fe**—FhyOFe +H* (3)
FhyOFe"+ H— LpdOH (£F2kH™ ) + Fe™ (4)
FhyOFe" + H*— GthOH (4188 ) + Fe** (5)
FhyOFe +H"— FhyOH (/K0 ) +Fe> (6)
LpdOH (£ 44" ) +Fe*— LpdOFe +H' —

GthOH (FH R4 ) +Fe™ (7)

4FeS0,+0,+6H,0—4FeO0H+4S0,>+8H" (8)
3.4 B

FESIAVE TR A R EE h , LA ML aE 2
R RN LT TE PR RN I 2 S KR TE A M-k G
AT SEE 28 7K R 1 5 B I R AT K gk — ol ) B
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IR VE S T S O Fert, Bl R AL Fe'" S A HLYE
BAEGTTES, FFARTE MoK 2R m™, R IL Fe i A AL Fl 54
BLA B LT o W B 2eE 7

ALY RE LA AR AT i 2R 5 1 A, 2 K Bk

R2 FAEBEFHE T EFHKKT Bt RERAALEZ

Table 2 Specific surface and particle size of ferrihydrite prepared under different anion conditions

5T Study Ak Aging #T-¥R5E Anion conditions 4l 2% 5 HL A PZSE R A/ g RifE d/nm
Michel &1 i/NF1h pH7 — — 720 2.3
Pivovarov"’! 2d pHS5 NaNOs/NaCl 8.1 710 2.3
Hsi 40 4h pH7 NaNO;s 8.0 680 2.4
Jain Z0 <10d2C NaCl 8.5 660 2.4
Fukushi 251! 4h NaCl 8.2 650 2.5
Davis %41 4h NaNO; 7.9 610 2.6
Hiemstra Z£ 4h NaNO; 8.1 610 2.6
Nagata %1% 4h NaNO; 7.9 610 2.6
Kinniburgh 2+ 5C NaNO; 8.1 585 2.7
Dyer 254 24 h NaNO; 7.9 550 2.8
Girvin 25! 24h pH7 NaNO; 8.0 530 29
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Figure 3 The geometries structures of the three representative Fe—Si complexes'”
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