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Design and Stabilization Study of FeAsO, @ Fe; O, Magnetic
Arsenic Immobilization Materials

WANG Yang, ZHOU Kaiming

(College of Chemistry, Chemical Engineering and Materials Science, Engineering Research Center of Intelligent Manufacturing of

Functional Chemicals, Ministry of Education, Shandong Normal University, Ji'nan 250014, China)

Abstract: At present, the method of arsenic immobilization in industry is mainly the iron method, that is, the
stabilized crystalline FeAsQ, is used for arsenic removal and immobilization. In order to optimize the stability of
FeAsQ, , inert Fe; O, was used to coat the FeAsO, crystals to enhance their acid and alkali resistance and to
achieve the purpose of stabilization of arsenic immobilization. The optimum conditions for arsenic immobilization
were determined by studying the stability of the composites prepared by different reaction pH value, iron-arsenic
molar ratio, and reaction temperatures. Finally, the long-term stability of the magnetic arsenic-immobilization
materials in extreme environments was evaluated by toxicity leaching test (TCLP) . The experimental results
show that the ferric arsenate material stabilized with ferric tetraoxide can meet the relevant national standards for
hazardous waste treatment and is a qualified arsenic immobilization material.
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Table 1 Arsenic concentration in leaching solution of
toxic leaching test of S@F prepared by different initial

pH value of reaction solution /(mg+ L™")
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Table 2 Arsenic concentration in leaching solution of toxic
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i iR 0.671 3. 754
7 0 0
8 0 0
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Table 3 Arsenic concentration in leaching solution of
toxic leaching test of S@F prepared under different

reaction temperature [(mg -+ L™")
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Fig. 1 Characterization results of S@F material prepared under optimal conditions
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Fig. 2 SEM images of S@F
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Fig. 3 The VSM results for uncoated iron arsenate
and 1% ,5%,9% coated quantities of S@F
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Fig. 4 Leaching concentrations of arsenic of S@F prepared at different pH values
(Fe/FeAsO, + 2H,0=9% ,30 C )after 20 days leaching in solutions of pH=4. 93(a)and pH=9. 30(b)

3 %

DS@F P [ i b4 R} 09 fe AF & BUARAF : SO 0L
pH=8.x Wiz E 30 C.Fe/FeAsO, « 2H,O FHEE
IR 9% . S@F i [E i #1 %} XRD.SEM, XPS,
Raman %5 R AE 45 5 R W] - 6 52 2k i 1R i 2 9% Fe, O,
TURLAL B 72 R . 1 PERY Fe, O, 852 0] URH IR
iR 2 P Ak S8 B 85 5 ot L O Lol 4 IR b4 B LA
TR R L B R 2 W . ®EPEGE S@F R
Sy BB R T 43 88 e B IS i A AE

2)7E pH=4. 93 5 pH=19. 30 R B P15 W
Sy S@F i [ A4 R HEAT T o 1 20 KK

TR S, 25 R S@F Rl [ A b R 2 5
pH Y AR H RS e P R 2 BAT (075 1o i P A
SETE. TERN pH=8 B4 T il £ 1) S@F 7E A A
pH TR 20 d J5 2 M PR 2 i . k. S@F
BB TR T 1ok BE T BE 88 1 X 2 K 22 B M B AR 3
B A Sy — o R T e b ek A T A A L P AT

(1] FEWF. FREA LR G AT E K TS B iR B0k 5
XPRLT] A 4 )8 GR B84 2023 (5) : 145-150.
WANG Y. Current situation and countermeasures of

wastewater pollution prevention in nonferrous metals



120 -

A4 R GEHER ) (http://ysyl. bgrimm. cn)

2024 5 1

[2]

[3]

[4]

[6]

7]

smelting industry in Chinal J]. Nonferrous Metal (Extractive
Metallurgy) ,2023(5) :145-150.

WRIE, S 0E 2 HE 28 L S R O A 0 3 B A %
e T LT REL) ], 51k . 2023,32(3) . 114-123.
CHEN H J,XIE H Y,JIN Y L,et al. Research progress
of wet arsenic removal and arsenic solidification process of
high arsenic copper ore[ J]. Mining and Metallurgy,
2023,32(3):114-123..

MRS, &EH HUEY . 5. RAAETIM AT
MR & L] A 646 IR GRIEE ST . 2023(9) :76-81.
ZHENG T H,JIN Z N, DONG Z Q. et al. Arsenic
precipitation by scorodite method and preparation of
underground filling materials [ J ]. Nonferrous Metal
(Extractive Metallurgy) ,2023(9) :76-81.

IME 22 BAE AN 5 S A U o i 4 B8 0
fE VL R R E RS L. A 4 s R, 2022,
12(7):97-108.

SUN X,LI M T, YUAN S,et al. Effect of copper ion
on crystal form, composition and stability during arsenic
precipitation of scorodite at atmospheric pressure[ ]].
Nonferrous Metals Engineering,2022,12(7) :97-108.
I3 ARSI S ST LL S B T 5 R o R A A R [
& 2 0 5 ma wF o [T 1. B A4k T2, 2022, 51 (11)
3207-3211,3216.

SU R,QI BC,ZHAO L H,et al. Study on the effect of
ionic strength on the crystallization process of scorodite
and fixation of arsenic[ J]. Applied Chemical Industry,
2022,51(11):3207-3211.,3216.

ff 050 b F L B . R e B A RGP A 9K MR Y
Al A RS AR ], WA . 2018,67(22) 1 9-28.

HE X M,ZHONG W,DU Y W. Controllable synthesis
and performance of magnetic nanocomposites with
core/shell structure [J]. Acta Physica Sinica, 2018,
67(22) .9-28.

S 1) BH S A58 35, B 2R 0 L S5 kS A 1 A R A A ) Y )
#& R AE e U5 R IR A B A [T, Ak % 3E L 2019,
31(HET) 1) .381-393.

ZHU X Y, NI S,BI Q L, et al. Preparation of ferrite
magnetic nano-catalysts and their applications in the
field of resources and energy[ J]. Progress in Chemistry,

2019,31(Suppl. 1):381-393.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BT vz e, LR 5 RA ARG U L2 A
W e [T ). H Ik T2 . 2023(2) : 164-176.

YANG T,SUN Y L.ZHANG H K, et al. Research
progress on synthesis and process application of
scorodite[ J]. Copper Engineering,2023(2) ;:164-176.
BAGHURST D R,BARRETT J,COLEYSHAW E E,
et al. Microwave techniques for the synthesis and
deuteration of minerals, with particular reference to
scorodite, FeAsO, « 2H, O[] ]. Mineralogical Magazine,
1996,60.821-828.

TONG G X, WU W H, GUAN ] G, et al. Synthesis
and characterization of nanosized urchin-like o-Fe, O,
and Fe; O, : microwave electromagnetic and absorbing
properties[ J]. Journal of Alloys and Compounds,2011,
509(11):4320-4326.

HU C Q, GAO Z H, YANG X R. Fabrication and
magnetic properties of Fe; O; octahedra[ J]. Chemical
Physics Letters,2006,429(4/5/6):513-517.
COLEYSHAW E E,GRIFFITH W P,BOWELL R J.
Fourier-transform Raman spectroscopy of minerals[]].
Spectrochimica Acta Part A: Molecular Spectroscopy,
1994,50(11):1909-1918.

FILIPPI M, MACHOVIC V, DRAHOTA P, et al.
Raman microspectroscopy as a valuable additional
method to X-ray diffraction and electron microscope/
microprobe analysis in the study of iron arsenates in
environmental samples [ J ]. Applied Spectroscopy,
2009,63(6):621-626.

DAS S, HENDRY M ]. Application of Raman
spectroscopy to identify iron minerals commonly found
in mine wastes[ J]. Chemical Geology,2011,290(3/4)
101-108.

MURALIGANTH T,MURUGAN A V,MANTHIRAM A.
Facile synthesis of carbon-decorated single-crystalline
Fe, O, high

ion batteries [ ] ].

nanowires and their application as

performance anode in lithium
Chemical Communications,2009,47:7360-7362.

ZHANG X Y, JIANG H, JIN J X, et al. Analysis of
acid rain patterns in northeastern China using a
decision tree method[ J]. Atmospheric Environment,

2012,46:590-596.



