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Synthesis of iron oxyhydroxides of different crystal forms and their
roles in adsorption and removal of Cr( V) from aqueous solutions

XIONG Hui-xin and ZHOU Li-xiang

(Department of Environmental Engineering, College of Resources and Environmental Sciences,

Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Iron oxyhydroxides (FeOOH), as a mineral material and a group of a-, 8-, Y-FeOOH polymorphs, are
commonly existent in some soils, sediments, and acid mine drainage environments. They can remove heavy
metals from contaminated environments by such means as coprecipitation, ions exchange and adsorption. Thus,
iron oxyhydroxides are usually applied in adsorption and removal of heavy metals from contaminated water
because they have stable chemical properties, relatively large specific surface areas and fine particle structures. In
this paper, the type, structure, composition, and mineral phase transformation of iron oxyhydroxides are
discussed in detail. This paper gives a review on the synthetic methods for iron oxyhydroxides, which include
ferric hydrolysis and neutralization, ferrous oxidation by air, ferrous biooxidation and biomineralization and
gel-network precipitation means. Some factors affecting the formation of oxyhydroxides are also dealt with. The
roles of various crystalline iron oxyhydroxides in the chromium removal from contaminated environments are
summarized in the end of this paper.

Key words: iron oxyhydroxides; goethite; akaganeite; lepidocrocite; formation; Cr( V)

2008 - 05-23 2008 - 08 - 07
20677028 863 2006AA06Z314
1976 - E-mail huixinx@163. com

E-mail Ixzhou@njau. edu. cn



560 27
Morales et al. 1992 1
Huang and Zhang
2005 1.1
1
Chiton Lee et al. 2000
limonite ap- Cornell
atite and Schwertmann 1991 1
pH
a-FeOOH  B-FeOOH
Fortin and Langley 2005 2007 B v 6-FecOOH  FesHOg 4H,0O
a-FeOOH CI~ Fe I
B-FeOOH SO;~ NOj Fe OH ;
40C a-FeOOH a-FeOOH
7-FeOOH 40~80C
O(*Fez 03 80°C (X*Fez O3
1
Table 1 Iron oxides and oxyhydroxides
goethite a-FeOOH hematite a-Fe, O
lepidocrocite v-FeOOH magnetite Fe;0,
akaganéite 3-FeOOH maghemite 7-Fe; O3
Schwertmannite FeigO6 OH , SOy : n H,O B-Fe, 05
feroxyhyte 5-FeOOH &' -FeOOH e-Fe, O3
ferrihydrite FesHOg 4 H,O wiistite FeO
bernalite Fe OH ;3
green rusts Fe, I Fe, " OH 4, toy-2 A
A" Cl0 1280%
Fe(OH
FeOCl FesHOg * 4H,0 3-FeOOH 7-FeOOH Green Rust
l Kekw AV E:x73 18 S84y gy
f-FeOOH N a-FeOOH N a-Fe,04 ¢ y-Fe,05 ¢ v-Fe;0,
Lty E2 730 sy piys38 i3 ey
1 Cornell ~ Schwertmann 1991
Fig. 1 Phase transformation of iron oxides and oxyhydroxides after Cornell and Schwertmann 1991



6 FeOOH Cr VI 561
Fe 1l Fe OH ; 8§  FeOOH
FeOOH a Y-FeOOH B-FeOOH
a Y-FeOOH
2006 Fe I B-FeOOH Fe’*
Pedersen et
al. 2005  FeSO, pH=<3 c
Fe I SOi- ¥-FeOOH
Ti NV Cr 1l 1 1
Cu Il Ni I v-FeOOH Cl- F OH" Br-
a-FeOOH T IV Cornell and Schwertmann 1991 B-FeOOH
Cr III v-FeOOH Ccl a-FeOOH
Ishikawa et al. 2005b a-Fe,O;  B-FeOOH
1.2 H,O 2
a v B-FeOOH 1.3
a-FeOOH  y-FeOOH diaspore
a-AlIOOH boehmite Y-AIOOH pH
4
a Y-FeOOH 4 Blesa et al. 1994
FeOOH Cornell and Schwertmann 1991
a-FeOOH 1 pH
Fel " FeO; OH ; H" O~
¥-FeOOH Fe''
Post and Buchwald 1991 2 Hansel ez al. 2003
¥-FeOOH Fe'"  pHpgc pH
c Fe O OH 4
a Yv-FeOOH a-Fe, O3 Hansel ez al.
FeOy 3 2003
FeOOH FeOy Fe I Cornell and Schwert-
Fe—0O—Si Kwon et al. 2007 mann 1991 Fe [I
B-FeOOH  hollandite BaMngOys Ct VI AsV -
x-FeOOH B-FeOOH 7-FeQOH

Fe

2 H*

« B ¥-FeOOH

Post  Buchwald 1991

Fig. 2 Crystal structures of iron oxyhydroxides o« B v-FeOOH with H' bonds after Post and Buchwald 1991
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Fig. 3 Crystal structures of iron oxide o-Fe;O; and oxyhydroxides o v-FeOOH  after Kwon er al. 2007
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